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Abstract:

Introduction: In an implant-supported prosthesis, passivity should be considered the
prime requisite, so a good and long-lasting mechanical stability and implant osseointegration
can be guaranteed. The presence of total passivity is still a theoretical termination, once
several distortions can occur in the fabrication stages of implant-supported prosthesis. This
characteristic can be determined by clinical evaluation or more objective evaluation methods,
using computational, analytical and experimental models. Recent studies have used Digital
Image Correlation (DIC) for measuring micro-movements and surface strain distribution in
implant-supported prosthesis. Our pilot study aims to evaluate the micro-movements and
strain distribution on a stone superstructure (SS) and a resin superstructure (RS), on an
implant-supported prosthesis, during pre-load torque, using the method of 3D Digital Image
Correlation (DIC-3D).

Materials and Methods: Three Screw-Line ConelLog® conical implants were
embedded in acrylic resin and a Dual-phase one-step impression was made, to obtain a
master cast. SS and RS were fabricated in the laboratory over the master cast and passivity
was evaluated, at 10 and 20 N, with a hex screw driver connected to the torque wrench,
using 3 methods: (1) Direct visual evaluation and applying the Sheffield Test; (2)
Radiographic evaluation; (3) 3-D Digital Image Correlation (DIC-3D) and the software Vic-
Snap 2010 and Vic-3D 2012.

Results: Through direct visualization, Sheffield Test and radiographic evaluation, SS
and RS were considered to have acceptable clinical passivity. In the DIC-3D evaluation, SS
and RS show similar patterns of micro-movement in the U, V and W components and similar
Von Mises strain distribution. For all three components, RS shows higher minimum and
maximum values of micro-movement. In the U component, the highest values of micro-
movement registered for SS and RS are the micro-movements in the right direction.

Conclusions: Both superstructures exhibit similar patterns of micro-movement and
Von Mises strain distribution, in the DIC-3D evaluation. The followed tightening sequence
influenced the micro-movement and Von Mises strain distribution. The higher values
registered for RS are due to several physical properties, and comparing to SS, RS seems to

be a worse superstructure for passivity tests.

Keywords: Implant-supported prosthesis, passivity, superstructure, micro-

movements, Von Mises strain, 3D Digital Image Correlation
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Resumo

Introdugao: Numa reabilitacdo implanto-suportada, a passividade deve ser
considerada um requisito primordial para que haja uma duradoura estabilidade mecéanica e a
osteointegracdo seja garantida. A presencga de total passividade continua a ser um termo
tedrico, pois podem surgir distor¢cdes ao longo das varias fases deste tipo de reabilitagao.
Esta caracteristica pode ser determinada clinicamente ou recorrendo a métodos mais
objectivos, através de modelos computacionais, analiticos e experimentais. Estudos
recentes utilizam a Correlacdo de Imagem Digital (CID) para medi¢cdo do deslocamento e
distribuicdo de tensdes na superficie de uma prétese implanto-suportada. O nosso estudo
piloto tem como objectivo avaliar os micro-movimentos e distribuicdo de tensdes numa
sobrestrutura de gesso (SG) e numa de resina (SR), durante a pré-carga de torque,
utilizando a Correlacédo de Imagem Digital 3D (CID-3D).

Materiais e Métodos: Trés implantes conicos Screw-Line ConeLog® foram incluidos
em resina acrilica e uma impressao Dual-phase de um passo foi realizada para se obter o
modelo de trabalho. SG e SR foram fabricadas no laboratério sobre o modelo de trabalho e
a passividade foi avaliada, aos 10 e 20N, com uma chave hexagonal conectada a chave de
torque, utilizando 3 métodos: (1) Visualizacao directa e aplicacdo do Teste de Sheffield; (2)
Avaliacao radiografica; (3) Correlacdo de Imagem 3D (CID-3D) e softwares Vic-Snap 2010 e
Vic-3D 2012.

Resultados: Através de visualizacdo directa, Teste de Sheffield e avaliacado
radiografica, SS e RS foram consideradas como clinicamente aceitaveis em termos de
passividade. Na avaliagdo com CID-3D, SG e SR mostram padrdes semelhantes de micro-
movimentos nos componentes U, V e W e padrdes semelhantes de distribuicdo de tensbes
de Von Mises. Em todos os componentes, SR apresenta valores minimos e maximos de
micro-movimento mais elevados. No componente U, os valores mais altos de micro-
movimento para SG e SR foram os movimentos na direc¢ao para a direita.

Conclusbdes: Ambas as sobrestruturas apresentam padrées semelhantes de micro-
movimento e distribuicdo de tensdes de Von Mises, através da avaliagcdo com CID-3D. A
sequéncia de apertos efectuada influenciou os micro-movimentos e distribuicdo de tensdes
de Von Mises. Os valores mais elevados registados para SR devem-se a varias
propriedades fisicas e, comparando com SG, SR aparenta ser uma sobreestrutura menos

adequada para testes de passividade.

Palavras-chave: Prétese implanto-suportada, passividade, sobreestrutura, micro-

movimentos, tensdes de Von Mises, Correlagao de Imagem 3D
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Introduction

Oral rehabilitation using implant-supported prosthesis aims to reestablish the patient’s
function and aesthetics, without compromising bone and periodontal health. There are
several factors that should be taken into account when rehabilitating such patients: passivity
a good occlusion; and the utilization of biocompatible materials (1). Passivity intended as the
simultaneous circumferential contact on the entire seating surface of the prosthesis with the
implants (2).

Contrasting with natural teeth and alveolar bone connection, implant-alveolar bone
interface does not possess periodontal ligament, which makes this junction more rigid (3). In
fact, osseointegrated implant shows a range of movement limited to 10um, while in natural
teeth the existence of periodontal ligament provides a movement up to 100pm, thus atoning
for a certain lack of precision that exists in a rehabilitation using implant-supported prosthesis
(4). Therefore, an implant shows much lower range of movement, being dependent on bone
elasticity modulus, which is influenced by bone density, showing interpersonal variability (2).

The lack of flexibility of bone-implant interface causes direct transmission of all the
strength from prosthesis to the alveolar bone (3) because there is no periodontal ligament to
absorb a fraction of the load. Thus it is important that the load is transmitted to the remaining
bone in a way similar to the physiological transmission that previously existed, once
magnitude variations and distribution of such load will have a negative impact on stress
quantity and quality to which the set implant-prosthesis-bone is subjected (5).

Therefore, if the implant-supported prosthesis does not show passivity, being mal-
adapted, tensile forces (compression and flexure) are generated causing various problems,
such as: fracture or loss of implant screws, or even bone (6), an eventual fracture of the
prosthesis (3), the appearance of micro-fractures on the periimplant bone (2) and reduction
of assembly stability (7).

Actually biomechanical factors inherent to this rehabilitation choice are of great
importance, once they are responsible for the longevity and clinical success of this therapy
(5).

Thus, in a rehabilitation using implant-supported prosthesis passivity should be
considered as the prime requisite, so a good and long-lasting mechanical stability and
implant osseointegration can be guaranteed (8). This osseointegration is due to the
existence of a biological tolerance, in other words: the ability that the bone surrounding the
implants has to cope with the stresses distributed along the implant-bone interface, without
occurring clinical complications (9).

For 30 years, several techniques have been successfully used in the rehabilitation of
patients with implant-supported prosthesis, although, literature suggests that total passivity is

yet to be achieved (6), though there is no consensus.
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In fact, various studies tried to numerically quantify the level of acceptable misfit at
the implant-abutment interface, but, again, no consensus was found (9).

Branemark was the first to quantify passive fit, stating that it should be as low as
10um, in order to allow bone remodeling and maturation in response to occlusal forces,
however values this low are difficult to obtain clinically (1).

Also on this matter, it was proposed by Jemt, that a vertical discrepancy of
approximately 150um would be considered clinically acceptable, once it does not represent
long-term negative effects (10), this value corresponds to approximately half a screw turn
(11). Other studies refer that it is clinically unacceptable the presence of a discrepancy
superior to 30pm in over 10% of the circumference of the implant (12).

It is reported that higher discrepancy values do not necessarily imply higher incidence
of biological complications (1), but there is no consensus when it comes to the relation
between the two entities, being the literature quite contradictory in this topic (13).

Due to the great diversity of terms used to describe microgaps detected at the
implant-abutment interface, Kano et al. came up with a classification system, based on the
horizontal and vertical gap dimensions: (a) type |, no vertical or horizontal gap; (b) type II,
existence of horizontal microgap; (c) type lll, presence of vertical microgap; and (d) type IV,
presence of horizontal and vertical microgap (2).

The presence of total passivity is still a theoretical termination, it cannot be clinically
applicable in oral rehabilitation with implant-supported prosthesis, once several distortions
can occur in its fabrication stages (3), causing misfit appearance.

The term distortion is used to identify relative movement of one point or several points
away from an originally specified referent position, occurring permanent deformation (14).

Such distortions show a multi-dimensional pattern (11) and can be the result of
various laboratory or clinical stages, being related to several rehabilitation aspects, such as:
impression technique chosen, impression material and quantity used, accuracy of the
transfer impression technique, design, fabrication and welding of the substructure (2),
execution of the study model, finishing and insertion of the prosthesis (15) and clinician’s
experience (2).

The deformation present can lead to posterior failure of the components, once we
cannot account for the physiologic compensation mechanisms that exist in natural bone, and
screw tightening only leads to the disguise of the pre-existent stress (11). Therefore, these
clinical and laboratorial stages must be eliminated, minimized or compensated, with the
purpose of obtaining well-adjusted implant-supported prosthesis (15).

Prior making well-adjusted implant-suported prothesis, passive fit test superstructures
are usually made to assure accuracy of implants on stone models relatively to the 3D actual
intraoral localization of those implants. These discrepancies can be detected by various

methods, and are usually the same used to check passive fit of final prosthesis.
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Passivity is a characteristic that can be determined by clinical evaluation, visually or
using a microscope (13). Clinical evaluation should be based on three aspects: final
tightening of prosthetic screw less than 120 degrees, absence of pain or stress during
prosthetic insertion and visual analysis using magnifying glasses or radiographs during
structure adjustment by manual tightening of the screws (2).

Kan et al. recommended several clinical evaluation methods, proposing that they
should be combined in order to achieve objective results and increase their reliability (9). The
methods proposed include:

Alternate finger pressure, detecting rocking or saliva movements at the implant-
abutment interface; direct vision and tactile sensation, using an explorer (this technique is
limited by the size of the explorer, approximately 60 microns); radiographic evaluation, which
depends on the angulation; screw resistance test, which consists in tightening the screws
one by one until the initial resistance was met in one of the screws, starting with the implant
closest to the midline and if it was necessary to tighten that screw more than extra half turn in
order to achieve the ideal screw seating, it meant that the framework presented misfit; use of
disclosing material, such as fit checker, disclosing wax and pressure indicating paste at the
interface; dimensional quantifying systems, that can be wused intra-orally (3-D
photogrammetric) or extra-orally (coordinate measuring machine); lastly Sheffield Test,
which involves tightening one terminal screw and observing the displacement generated in
the opposite side (9).

In fact, the use of this last clinical method (Sheffield Test) is vastly recommended for
the assessment of clinical fit and it appears to show great sensibility in detecting rotational
displacement that induce the lift of opposing cylinders (11).

Ideally, direct clinical evaluation would be preferred, however this methods have
several limitations, such as: ethical issues, evaluation for long periods of time, difficult
methodology (once direct clinical evaluation of infra-osseous structures is almost impossible)
(5) and also the difficulty in detecting small discrepancies (13).

In order to overcome these limitations (5), more objective evaluation methods
appeared throughout the last three decades (13), using computational, analytical and
experimental models resorting to Finite Element Analysis (FEM), Photoelasticity, Strain
Gauges (5), Optical Scan Analysis (13), Reflex Microscopy (11), Scanning Electron
Microscopic Analysis (SEM) (15) and Stereomicroscope (16). Several studies have shown
that these analysis methods are complementary (5).

The Finite Element Method (FEM) consists in the division of the element-problem into
many smaller and simpler elements, creating a mesh of elements and enabling their

resolution with mathematical functions (5).
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Using 2 or 3-dimmensional mechanical models, FEM allows researchers to apply
different loadings and obtain stress and displacement measure on tooth, prosthesis, implant
and bone, extrapolating the results obtained in in vitro studies into in vivo situations (5).

However, this analysis method has its disadvantages and limitations: the construction
of very complex models, necessity to adopt simplifications and assumptions when it comes
to bone quality (homogeneous and isotropic) and bone-implant interface, which can
represent several repercussions in final results (5).

Photoelastic analysis is based on the color change, resulting from refraction indices
alteration (or optical anisotropy) of certain plastic materials when subjected to
stress/deformation, using photoelastic models that can be measured and photographed.
Photographic data is qualitatively analyzed in order to investigate the propagation and
intensity of stress. This way, the clinician is able to visualize stress patterns in complex
structures, such as oral structures, making it possible to localize and quantify stress
magnitude (5).

Goiato et al. stated that Photoelastic analyses can be 2-dimensional, 3-dimmensional
or quasi-3-dimmensional (Photoelastic model is 3-dimmensional but the fringes are observed
2-dimmensionally (5).

This method has some limitations such as the fact that this is an indirect method and
requires similar patterns of reproduction to be compared with clinical situations. Additionally,
the limit of applied external force may exceed the limit of resistance of the Photoelastic
material, which could change the outcome or promote material rupture. Lastly, although the
resin used in this technique has an elasticity modulus similar to bone tissue, there is no
differentiation between cortical and trabecular bone, which will alter the magnitude of stress
induced by the load (5).

Concerning Strain Gauges, these are small electric resistors that detect, measure,
calculate and record deformation of the object to which they are connected, when it is
subjected to stress, altering the resistance created in their current. The captured electrical
signal is sent to a data acquisition board, then modified into a digital signal and interpreted by
a computer (5).

The relationship between electrical current and force is determined using a force
inducer connected to each cylinder of the superstructure. This instrument converts the
electrical current (volts) measured by the strain gauges into force (Newton), allowing the
researcher to determine the amount of misfit and calculate forces after connecting to the
superstructure (13).

When it comes to the ideal model for this technique: some state that strain gauge
should be placed directly on prosthetic pieces, while others defend it should be placed on
similar bone materials, in this matter, measurements are restricted to where the gauge is
embedded or bounded (5).

10
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Since the Strain Gauge technique is a numerical method, the assumptions necessary
makes it imperative to check its accuracy, however, it is considered a reliable method and
some authors use it associated to photoelasticity or FEM (5).

In a study conducted by Mitha et al., a different evaluation method was chosen, using
Reflex Microscope (Reflex Measurement), which allows a highly precise and tri-dimensional
assessment of casting distortion. This was done by measuring distances in the wax
framework and its casting between a set of reference pins: 3 external pins, 3 horizontal and 3
vertical (11).

Tahmaseb et al. uses yet another method: Optical Scanning, recurring to an industrial
optical scanner and high precision scan adaptors mounted on the implants, in order to
calculate implants’ position (13).

In this in vitro study, in which the first method was compared with the strain gauge
method in the precise assessment of fit, the author concluded that both successfully detected
a known misfit and also a single inaccurate implant connection on an implant superstructure.
Furthermore, Optical scanning proved to be simpler, more precise and less time consuming
than the Strain Gauge method, having value as a quality control measure in dentistry (13).

Another study used Stereomicroscopic analysis to evaluate marginal adaptation of 3-
unit cement-retained implant-supported fixed dental prosthesis, when three different torque
values were adopted. This analysis was made by measuring the vertical margin gap in three
pre-determined reference points (mid-buccal, mid-lingual and mid-lateral side of each
abutment) (16).

Recent studies have yet used another method for evaluating passivity in implant-
supported prosthesis: Digital Image Correlation (DIC) (17, 18). DIC is a non-contact (19)
optical method that has been used for measuring micro-movements (19) and surface strain
distribution in materials’ testing (18).

This method allows direct-assessment to micro-movements of the object in study (17)
and provides a full-field strain measurement of its surface, being more accurate than the
existing manual measurement methods. DIC works by tracking blocks of pixels in digital
photographs of the object in study at different stages of deformation and establishing
comparison (19).

To the present date, no method is considered the ideal one. All the techniques used
to evaluate passivity have their vantages and limitations, and in order to decrease their
limitations, there is consensus amongst researches that all methods are complementary.
Therefore, these methodologies can be applied in the field of Dentistry, guiding further
research and clinical studies by predicting some possible disadvantages and rationalizing

clinical time (5).

11
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Our pilot study aims to evaluate the micro-movements and strain distribution on a
stone superstructure (SS) and a resin superstructure (RS), during pre-load torque, using the
method of 3D Digital Image Correlation (DIC-3D).

12
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Materials and Methods

Three Screw-Line ConeLog® implants (Camlog, Maybachstrasse, Germany) were
used for our study, two 4.3x13 conical implants and one 3.8x13 conical implant.

For the inclusion of the three implants, a plastic transparent rectangular box was the
mold to fix in the middle of a metallic support, using a silicone index made of Virtual XD Putty
Fast Set (Ivoclair Vivadent®, Schaan, Liechtenstein) to maintain it in place.

The implants were placed in the following position (from left to right): 4.3x13mm
Screw-Line ConelLog® implant (Camlog, Maybachstrasse, Germany) (Implant 1); 4.3x13mm
Screw-Line ConelLog® implant (Camlog, Maybachstrasse, Germany) (Implant 2); and
3.8x13mm Screw-Line ConelLog® implant (Camlog, Maybachstrasse, Germany) (Implant 3).

The three conical implants were maintained parallel and evenly spaced, >3mm apart,
using two metallic rulers (Figure 1) and then embedded in acrylic resin Ivoclar ProBase Cold
(Ivoclair Vivadent®, Schaan, Liechtenstein), the mixture of the resin components was made
in six increments, in order to control polymerization contraction and avoid pores inside the

resin matrix (Figure 2).

Figure1. Implants maintained in place using two metallic rulers.

Figure2. Implants embedded in acrylic resin.

13
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A Dual-phase one-step impression was made using two silicones, Virtual Light Body
Fast Set (lvoclair Vivadent®, Schaan, Liechtenstein) and Virtual Putty Fast Set (lvoclair
Vivadent®, Schaan, Liechtenstein), and ConelLog® Impression Posts (Camlog,
Maybachstrasse, Germany) and ConeLog® Impression Caps (Camlog, Maybachstrasse,

Germany) for the closed tray technique (Figure 3).

(d)

Figure3. Dual-phase one-step closed tray impression technique used. (a) Implants with the
Impression posts; (b) Impression caps attached to the insertion posts; (¢) Closed tray with the two
silicones; (d) Final result of the impression technique with the retrieved impression caps and

impression posts.

14
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After this step, a prosthetics laboratory (Laboratério Técnico-Dentario, Ida., Coimbra,
Portugal) was instructed to construct a master cast in gypsum die GC Fujirock® EP type IV
(GC America Inc., lllinois, USA) (Figure 4) and two superstructures, using the adequate
Guide System ConelLog® Insertion Posts (Camlog, Maybachstrasse, Germany): a stone
superstructure (SS) made in a gypsum die GC Fujirock® EP type IV (GC America Inc.,
lllinois, USA) (SS), as seen in Figure 5, and a resin superstructure (RS) made in self-curing
acrylic resin Pattern Resin™ LS (GC America Inc., lllinois, USA).

The properties and characteristics of the materials used in this pilot study are

summarized in table I.

Figure4. Master cast, fabricated in the laboratory.

el Dl s

yrYy

Figure5. Stone superstructure (SS) fabricated in the laboratory.

15



Comparative evaluation of two superstructures used for passivity tests on implant-supported prosthesis: a pilot study

Table I. Characterization of the implants, impression copings, impression caps, insertion posts

and implant analogues used. All the material produced by Camlog, Maybachstrasse, Germany.

Type Dimensions | Characteristics | Reference Material
Implant-
3.8x13mm abutment | c4062.3813
Screw-Line connection with
ConelLog® self-locking cone Titanium
Implant
Promote® geometry; Grade 4
Plus Integrated
4.3x13mm platform C1062.4313
switching
. C2110.3800
meression { 3-8mm J2111.3800
Copin :
ping \ Ti-6Al-4V
And 4 Screw-Line Closed tray
Grade 5
Impression ConelLog® Impression
L] POM
Cap C2110.4300
4.3mm
J2111.4300
Insertion S = 3.8mm C2026.3800
Post
Guide System Ti-6Al-4V
And
e ConelLog® Grade 5
nsertion ) .
o @€= 4.3mm C2026.4300
3.8x13mm C3010.3800
Implant ConelLog® Titanium
Analogues Lab Analogs Alloy
4.3x13mm C3010.4300

16
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In both superstructures, passivity was evaluated using 3 methods: (1) Direct visual
evaluation and applying the Sheffield Test; (2) Radiographic evaluation; (3) 3-D Digital Image
Correlation (DIC-3D).

First, for the direct visual evaluation, SS and RS were manually connected to the
master cast and all three insertion posts were tightened until a slight resistance was felt and
then untightened, in order to verify if there was resistance to the passive fit of all the
superstructure. This approach was repeated for both SS and RS connected to the acrylic
block.

Photographs were taken of the two superstructures connected to the master cast and
acrylic block, to confirm if passive fit was present. First, SS and RS were photographed when
passively connected to the acrylic block, that is with all three insertion posts untightened
(Figures 6 and 7), then, photographs were taken of both superstructures connected to the

master cast and acrylic block, this time will all three insertion posts manually tightened until a

slight resistance was felt.

(b)

Figure6. SS with all three insertion posts untightened. (a) Connected to the master cast;

(b) Connected to the acrylic block.

(a) (b)

Figure7. RS with all three insertion posts untightened. (a) Connected to the master cast;

(b) Connected to the acrylic block.

Magnifying loupes Kepler Kompakt 3,5x (ExamVision, Samso, Denmark) were used
to check for any discrepancy between the implants and insertion posts of SS and RS
connected to the master cast and acrylic block.

Using the Sheffield Test, for each superstructure, the terminal 4.3mm insertion post
(insertion post n.1) was manually tightened until resistance was felt, while the 4.3mm middle
(insertion post n.2) insertion post and the 3.8mm terminal insertion post (insertion post n.3)

17
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were loosened. The displacement generated in the opposite side of the tightened insertion
post was observed for SS and RS.

Secondly, radiographs were taken using a ORIX-AET X-ray machine (ARDET Dental
& Medical Devices S.r.l., Milan, ltaly), with a radiation dose of 0,4mV/0,5s, in a closed
chamber, using the reusable phosphor plates CS 7600 Smart Plate Size 2 (31x41mm)
(Carestream Health Inc., NY, USA) and a paralleling technique, in order to visualize without
distortion both sides of the implant spirals. The phosphor plates were scanned using the CS
7600 (Carestream Health Inc., NY, USA), processed with the Kodak Dental Imaging
Software 6.12.32.0 (Carestream Health Inc., NY, USA) and saved in a JPEG.format.

Radiographs were taken first of SS after manually screwing the superstructure to the
implants embedded in the acrylic block and tightening them just until a slight resistance was
felt. Three radiographs were taken of the superstructure: S1 X-ray with insertion post
tightened on implant in position 1 (4.3 &, proximal end position) and the other two
untightened; S2 X-ray with insertion post tightened on implant in position 2 (4.3 &, middle
position) fully tightened and the other two untightened; S3 X-ray with insertion posts
tightened on all implants (Figure 8).

Afterwards, the same procedure was done with the RS as shown in Figure 9 of

radiographs R1, R2 and R3, respectively.

Figure8. Radiographs of SS after manually screwing the superstructure to the implants

embedded in the acrylic block.

Figure9. Radiographs of RS after manually screwing the superstructure to the implants

R1 L J R2. R3.L

embedded in the acrylic block.

18
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Then, a software for Image Processing and Analysis in Java, Imaged (National
Institutes of Health, Bethesda, Maryland, USA), was used to measure the microgap present
in radiographs S1 and R1 for the SS and RS, respectively.

Finally, evaluation using 3D Digital Image Correlation (DIC-3D) took place. For this
procedure, SS and RS were both hand-sprayed with opaque white paint and then air-
sprayed with black paint using the Airbrush Pro-Color (Harder & Steenbeck, D22851,
Norderstedt, Germany), as seen in Figure 10. This step aimed to produce a non-repetitive,
isotropic speckle pattern on the surface of the superstructures that would optimize their
analyses using DIC-3D and Vic-3D 2012 (Correlated Solutions®, Columbia, SC, USA).

Each superstructure was assembled to the implants embedded in the acrylic resin
block using the ConelLog® short hex screw driver (Camlog, Maybachstrasse, Germany), to
manually tighten each Guide System ConelLog® Insertion Posts (Camlog, Maybachstrasse,

Germany) just until a slight resistance was felt.

(b)
Figure10. Superstructures hand-sprayed with opaque white paint and air-sprayed with black
paint using the Airbrush Pro-Color. (a) SS; (b) RS.

Using the hex screw driver connected to the torque wrench, both superstructures
were then submitted to increasing torque values, by tightening each one of the insertion
posts with torques of 10N and 20N. The tightening procedure followed the same order for SS
and RS at all torque values: the respective insertion posts were tightened first on implant 1,
then on implant 2 and finally on implant 3.

For all the torque values applied to the SS and RS, micro-movements were captured
with two high-speed photographic cameras (Stingray F504B ASG, Allied Vision
Technologies, LENS 75mm with an extension tube of 5 mm, 0,7:11, Correlated Solutions®,
Columbia, USA) at the maximum resolution of 1624x1224 pixels, assembled according to the
manufacturer’s indications. The two cameras were positioned symmetrically and in a manner
to obtain an angle of 15°45° with the assembly in study, magnification was maintained

constant and an illumination source, with adequate potency, was directed to the study model.
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The captured speckle images were evaluated using the software Vic-Snap 2010 and Vic-3D
2012 (Correlated Solutions®, Columbia, SC, USA).

A dot grid was used for the calibration of the stereo system, light was adjusted, when
necessary, and then the dot grid was photographed simultaneously by both cameras while
being rotated into several positions in the three axes of space (V, vertical; U, lateral; and W,
antero-posterior). The calibration allows the construction of an algorithm that can correlate
deformation detected on both superstructures with micro-movement. The final score is
established in pixels and the lower the score the more accurate is the algorithm.

In our study, stereo system calibration was performed using a 4-in-1 Calibration
Target (Grid A, size 14.929mm, pitch1.780, 9x9) for SS, and a 1 inch Calibration Target (size
9x9, pitch 3mm) for RS.

An area on the surface of each superstructure was defined, as well as a single point
to be analyzed by the software Vic-3D 2012 and the calibration correspondent to each test
was introduced.

Also, rigid body movement of the assembly (acrylic resin block) was removed using
the average transformation algorithm. This method calculates the average deformation for
the acrylic resin block and inverts it to obtain an image with an average micro-movement of 0
for that surface, therefore reflecting only the SS and RS micro-movements in the V, U and W
transformed axes of space.

The speckle images obtained were analyzed by Vic 3D 2012, allowing the formation
and evaluation of a 3D representative image of the micro-movements and strain distribution
of SS and RS during the increasing pre-load torques on the V, U and W components.

For each sample (SS and RS), minimum and maximum values of micro-movement of
the superstructure surface were collected at 10N and 20N, for each insertion post, in the
three axis of space. Minimum and maximum values of Von Mises strains and their

distribution over the defined areas were also collected.
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Results

Through visualization, using magnifying loupes, of both superstructures connected to
the implants embedded in the acrylic block or to the master cast, no visible gap between
insertion posts and implants or implant analogs, respectively, was detected. Therefore SS
and RS were considered to have acceptable clinical passivity (Figures 6 and 7).

Using the Sheffield Test, no displacement of either SS or RS was detected while
lightly tightening the insertion post into the implant in position n.1 and loosening the other
two. So, both superstructures were considered to have acceptable clinical fit using this
method of evaluation.

Radiographically, for SS and RS, a microgap is detected only on radiographs S1 and
R1, respectively, in which the insertion post on the proximal end position is lightly tightened
and the other two insertion posts are loosened.

Using the software Image Processing and Analysis in Java, Imaged (National
Institutes of Health, Bethesda, Maryland, USA), the values of the microgaps measured in
these radiographs were: 99um for SS and 67um for RS.

However, both superstructures are considered to have clinically acceptable passive
fit, since the evaluated implant system has an internal conical connection and the detected
discrepancy appears to be lower than 150um (6).

On radiographs S2 and R2, where only the middle insertion post was tightened and
radiographs S3 and R3, where all insertion posts were tightened, no microgap is detected for
both superstructures.

Concerning DIC-3D analyses, for both specimens in study, values of micro-movement
were recorded in micrometers (um) during tightening of each implant insertion post at 10N
and 20N.The minimum and maximum values of micro-movement in U, V and W transformed
axes are summarized in Table II.

Lateral or mesio-distal movements were interpreted as micro-movements in the U
component, positive values represent micro-movement of the superstructure to the right side
of the cameras, while negative values represent micro-movement to the left.

The vertical or coronal-apical movements were interpreted as micro-movement in the
V component, maximum values represent micro-movements of the superstructure in the
upwards direction, while minimum values represent micro-movements in the downwards
direction.

In the W component, antero-posterior or vestibule-lingual/palatine movements were
recorded, positive values were interpreted as micro-movements towards the set of cameras
and negative values as micro-movements away from the set of cameras.

In Table I, it is registered that SS showed inferior minimum and maximum values of
micro-movement when compared to RS, for all the directions interpreted (U, V and W) and

torque values.
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Regarding the SS, for the U component, higher micro-movement values (-2.85um and
+3.30um) were registered during tightening of the middle insertion post (on implant n.2) with
a torque value of 10N. For the V component, using the same torque, higher vertical micro-
movement values were also registered during tightening of the same insertion post and in the
upwards direction (+4.95um), while, for a torque of 20N, greater micro-movement values
were recorded during tightening of insertion post n.1.

For SS, the overall higher micro-movement values were registered in the W
component. Greater antero-posterior micro-movement values were recorded during
tightening of insertion post n.3, for 10N. While, for 20N torque, the greater micro-movement
was registered when tightening insertion post n.1.

Concerning the RS, for both U and V components, micro-movements were higher
while tightening insertion post n.2, for both 10N and 20N, while in the W component, micro-
movement values were greater during tightening insertion post n.3, for 10N and insertion
post n.1, for 20N.
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