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Abstract

.

Purpose: The aims of this study were to: 1. Compare the fracture strengths of four different implant systems, and
2. Evaluate the failure mode of the implants.

Materials and methods: A total of eighty-eight (n=88) screw implants were tested. Forty-four for compressive
strength and forty-four were tested for fatigue. Each implant body were inserted into a 30 degree holding device and
adapted to be used in the BOSE 3330 Electro Force Testing System. A metal sphere was placed in the contact point of
the implants (ISO 14801). The compression load was applied to each specimen at a rate of 0.02 inch per minute until
failure. For the fatigue testing the step-stress accelerated testing at 17 Hz with 3 increment stages of 300.000 cycles
each was performed. The fracture surface was evaluated by X400 Olympus microscopy.

Discussion: The failure of the Integrity Tapered Implants -1 and -2 piece abutment connection was an identical
combined bending of the implant-abutment Connection.

Conclusion: The Integrity implant-2 pieces implant-abutment connection presented a higher resistance value to

lateral compressive loads compared to the others implant-abutment connections.
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Introduction

Dental implants are an important tool in restorative dentistry for
edentulous and partially edentulous patients. Having a 90 to 95% initial
success rate, implants are considered to be a viable solution for many
cases. However, implants can fail and fracture, posing a major problem
for both the patient and the clinician 1. Some clinical observations
of these failures have suggested that the major causes are: incomplete
osseointegration, complications of the peri-implant soft tissue, and
biomechanical problems [1,2].

In the biomechanical problems several implant-abutment interface
failures are associated with engineering design and can be assessed in
the laboratory setting 3. These interface designs are classified as either
external or internal connections [3,4]. The external hexagon connection
was initially intended as a method to facilitate implant insertion during
surgery. However, there drawbacks with the exposure of the implant-
abutment interface and abutment screw to greater external loads and
are some bending moments, which can lead to screw loosening or
fatigue fracture [3]. The internal connections have been developed
to help decrease the mechanical issues that arose with the external
connections [4]. However, Gil et al. [5] found that the fatigue behavior
of the external hexagon interface proved to be superior in comparison
to the internal hexagon interfaces.

Other common mechanical issue that have been observed in
both connections include screw loosening and/or screw fracture [6].
Loosening of screws can be caused by: (1) insufficient tightening,
(2) poorly machined parts, (3) overloading, (4) screw design, or (5)
elasticity of bone. When the applied load is larger than the yield strength
of the implant bending can occur contributing to the loosening of the
screws. Furthermore, failures of implants can be attributed to fatigue,
which can be defined as the progressive crack propagation resulting in a
fracture under repeated or fluctuating strains below the yield stress [7].
Steinebrunner et al. [8] compared the fracture strengths of 6 different
implant systems. They observed differences in the fracture strength of
the tested implant systems, identifying systems with increasing joint
lengths to have better fracture strengths.

Cyclic loading forces that do not exceed the maximum strength
of an implant connection might result in the gradual loosening of the
implant-abutment connection or the sudden failure due to fatigue. The
reason for the fatigue failure is either a lack of force fitting or form-
closure of the connection design [9].

A comparison of the different implant-abutment designs and their
strengths would give the clinician an idea of when to use the implants
to their optimum potential in different situations. There is nothing in
the literature comparing the mechanical behavior evaluation of these
particular implants, except for UnipostTM. Therefore, the aims of this
study were twofold: to investigate and compare the mechanical behavior
(compressive and fatigue) of four different Tatum implant design
systems using the accelerated lifetime test; as well as to determine the
failure mode for each system.

Materials and Methods

A total of eighty-eight screw implants were used for compressive
(n=44) and fatigue (n=44) testing, as follows (Table 1):

All samples were provided by the manufacturers Suncoast Dental,
Inc from production inventory and were from the same batch #
57689 Lot 38. All implant systems were used with their respectively
prefabricated straight abutment and abutment screw, except for the
ITO (One-piece Tapered Implants) since this one is fabricated as a
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single piece, implant and abutment together (Figure 1). The testing and
measurements were made at the Zimetrix private testing laboratory of
the University of Calgary, Calgary, Alberta, Canada.

Implant preparation

One set of two 20 mm long metal sleeves (A-2 tool steel) was
fabricated for each implant system (University of Alberta, Edmonton,
Canada) - (Approved by the FDA), 1996 (Figure 2). These sleeves
allowed homogenous load distribution to the implant body. Following
the ISO 14801:2007 standard protocol, the sleeves were placed 3
mm * 0.5 mm apically from the nominal bone level as specified in
the manufacturer’s instructions for use. This distance was chosen to

Figure 1c: ITI (integrity tapered implants) implant body have a unique internal

. . Number of
Implant Type Dimensions Implants Total
Integrity Tapered \{Vlth -1 piece 3.5-mm D x 13-mm L Stzlat|c=_11 n=22
abutment connection Fatigue=11
Integrity Tapered v_wth -2 pieces 3.5-mm D x 13-mm L Stgtlc=_11 n=22
abutment connection Fatigue=11
“T” Tapered Implant with Static=11 _
Unipost™ Abutment System 3.5-mm D x 13-mm L Fatigue=11 n=22
ITO (One-piece Tapered 3.5-mm D x 13-mm L St§t|c=_11 n=22
Implants) Fatigue=11
n=88

Table 1: Screw implants for compressive (n=44) and fatigue (n=44) testing.

Figure 1a: Tatum implant System evaluated.
ITI (Integrity Tapered Implants) with -1 piece abutment connectio.

Implant abutment and abutment screw are one single piece.

Figure 1b: ITI (Integrity Tapered Implants) with -2 pieces abutment
connection.
Implant abutment and abutment screw are two separate parts.

| {e
WYt

Figure 1d: “T” Tapered Implants with Unipost™ Abutment System.
Screw implant body with Threaded Posts. The Unipost™ abutments are
designed to be screwed and cemented into the implant body

Figure 1e: ITO (One-piece Tapered Implants)
Implant body and implant abutment are one single piece.

provide a representative case with respect of bone loss. Each straight
pre-fabricated abutment was cut on top to obtain the same dimensions
for all specimens (Hardinge Super-Precision Machine). The distance
from the top of the sleeves to the top of the abutments was 11 mm + 0.5
mm, which represented the moment arm.

Application of the controlled torque

Integrity Tapered Implants with -1 piece abutment connection
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and Integrity Tapered Implants with -2 pieces abutment connection,
were rigidly held to avoid rotation in a special holding device during
abutment screw tightening to 35 Ncm with a Digital Torque Gauge
(Model BGI, Mark 10, LD No. 9094). Following the manufacturer’s
protocol; after 10 minutes, implants were re-torqued to 35 Ncm. The
Unipost™ Abutment System samples were screwed and cemented to
the “T” Tapered Implants with Resiment Cement. Resiment is a multi-
purpose permanent BIS-GMA resin self-cure radiopaque cement
recommended for final cementation. Manufacturer’s instructions were
followed during this procedure. No procedure was performed for the
ITO (One-piece Tapered Implants) samples since they are fabricated in
a single piece (implant-abutment together).

Alignment of implants in the holding device

Each implant body with their respective sleeves was inserted into a
Rigid-rigid 30 degree specimen holder device and adapted to be used in
the BOSE 3330 ElectroForce Test System (Zimetrix Laboratory, Calgary
- Canada). A hemispherical loading member (A-2 Tool Steel) 8 mm x
7 mm was placed on top of the abutment of the implants to represent
the loading centre, such that the moment arm can be measured and
calculated. (ISO 14801:2007) - (Figure 3).

Testing

Compressive testing: the individual specimens were placed with
their respective sleeves in a Rigid-rigid 30 degree fixture. A testing
machine BOSE 3330 ElectroForce Test System was used to apply a static
compressive load. A computer monitored the applied force continuously
(Software Test Ware SX). The compression load was applied to each
angulated specimen by an unidirectional vertical platform and loaded
with compression at a rate of 0.02 inch per minute until failure. Failure
was defined as a fracture of the implant body or the implant-abutment
interface [10].

The maximum single impactloaded to failure (N) and the maximum
elasticity was computer recorded and a force versus displacement curve
for each sample was produced. All implants were examined macro and
microscopically.

Fatigue testing: the individual specimens were placed with their
respective sleeves on a Rigid-rigid 30 degree fixture. The BOSE 3330
ElectroForce Test System was used to apply the step-stress accelerated
testing at 15 Hz of fatigue load with 3 increment stages of 300.000 cycles
each. A computer monitored the applied force continuously (Software
Test Ware SX). The fatigue load was applied to each angulated
specimen by a unidirectional vertical platform and loaded with
fatigue forces of 10% (stage 1) of the UTS previously obtained.

Figure 2: Custom made sleeves.
Set of two metal sleeves (A-2 tool steel) to allow homogenous load distribution
to the implant body.

Loading geometry for the tests (I1SO 14801:2007).

Load l

A. Loading device
B. Nominal bone level
C. Connecting part
S D. Hemispherical loading member
S E. Dental implant body
S Lt F. Specimen holder

Figure 3: Metal sphere (A-2 Tool Steel) 0.65 inch x 0.75 inch was placed at
the contact point of the implants to permit abutment sliding during testing (ISO
14801).

This was followed by stage 2 with 20% of the UTS, and stage 3
with 40% of the UTS (Table 2). All implants were examined macro
and microscopically after the corresponding compressive and fatigue
testing.

Statistical analysis

The outcome variables tested were compressive and fatigue strength;
the independent variable was the implant-abutment systems. For the
compressive strength and fatigue resistance evaluation, forty-four (44)
implants units were tested for each, eleven implants per system (n=11).
The null hypothesis was that there was no significant difference in the
compressive testing among the different implant systems. A post-hoc
Tukey test and an analysis of variance were used to compare means for
significant difference between groups.

Results

Compressive testing results

An analysis of variance on the compression test results suggested
that the Integrity Tapered Implants -2 pieces implant-abutment
connection presented a statistically different value to lateral and oblique
compressive loads (F(3,40)=307.20, p<0.001).

The mean maximum UTS (Ultimate tensile strength) of Integrity
Tapered Implants -2 pieces implant-abutment connection was 3500.2
N, compared to a mean of 3090.6 N for Integrity Tapered Implants
-1 piece implant-abutment connection, 1898.4N for ITO-one piece
tapered implant, and 1892.9 N for Unipost™ Screw implants. Post-hoc
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Tukey test showed that the Integrity Tapered Implants-2 pieces was
significantly different compared to the other groups. (Figure 4).

Maximum Elasticity (n) was significantly different across all groups.
Integrity Tapered Implants -2 piece implant-abutment connections
presented a higher elasticity with an average of 2160 N, and Unipost™
Screw implants showed the lowest elasticity with an average of 1148.7N.
(Figure 5) The Overlay fail curves by implant system showing the UTS
and maximum elasticity is presented in (Figure 6).

Fatigue testing results

No failure was observed during stages 1 and 2 of the fatigue testing,
which represent 10% and 20% of the maximum elasticity average (Table
1). However, Unipost™ Screw implants were significantly different from
all other groups between stages 1 and 2, displaying less distortion and
more rigidity during the stage 1 to 2 (Figure 7). An analysis of variance
on the compression test results suggested that there was no difference
between ITO-one piece tapered implant and Integrity Tapered Implants
-1 and -2 piece implant-abutment connection (F(3,32)=6.68,p=001).

In the stages 2 and 3 there was no significant difference between
Integrity Tapered Implants -1 and -2 piece implant-abutment
connection, however the other groups Unipost™ Screw implants and
ITO one piece implant-abutment connection were different from one

Maximum

- Stage1 Stage2 Stage3

Implant System Elastlclty (10 %) (20%) (40%)
ean

ITI-2 piece abutment connection 2160N 216N 432N 864N
ITI-1 piece abutment connection 1850N 185N 370N 740N
ITO (One-piece Tapered 13985N | 139.8N | 279.6N  559.2N
Implants)
Unipost™ implants System 1148.7N 114.8N 229.6N | 459.2N

Table 2: Vertical load for Stages 1, 2 and 3 during the fatigue test.

UTS by Implant System
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Figure 4: Post hoc analysis of the Ultimate Tensile Strength (UTS) by
implant system.

Post hoc analysis found No significant difference between ITO (One-piece
Tapered Implants) and Unipost™ Abutment System with Tapered Implants.
Integrity tapered implants (1 and 2 pieces implant-abutment connection) can
take the most UTS (N) load.
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Figure 5: Post hoc analysis of the maximum elasticity by implant system.
Post hoc suggests all groups were significant different from one another.

another. ITO one piece implant-abutment showed large elasticity and
therefore less catastrophic failures compared to the Unipost™ Screw
implants (Figure 8).

In the failure mode evaluation (under microscope), an identical
combined bending of the implant-abutment connection and screw was
observed for the Integrity Tapered Implants -1 and -2 piece abutment
connections (Figures 9 and 10).

ITO one piece implant-abutment connection presented a bending
of the abutment zone. (Figure 11).

The failure mode was consistent for all Unipost™ Screw implants
test samples. Fracture was observed on the wall of the implant body
with some deformation or fracture of the abutment screws (Figure 12).

Discussion

One of the limitations of this research is the selection of 4 different
implant of the same company but at the same time all of these implant
has different internal connections that provide a wide evaluation and
expectation for the clinician. The main reason of this selection is
the use of these implants in our graduate program. After obtaining
all these results, the comparison with other implants system is our
goal since clinical observations have suggested that a major cause of
implant failure is screw joint instability, which includes loosening or
fracturing of the abutments and screws. Loosening and fracturing are
potential problems for all types of implant abutments and their screws
[11]. These problems generally arise from the design of the screw, the
implant-abutment interface, the distribution of the occlusal load to the
osseointegrated implants, and/or the design of the implant body [8].
Mechanical failures can be decreased by increasing the implant diameter
and modifying the screw joint design [3,8,12]. The screw shape of the
implant body provides a large contact area between implant and bone,
which increases stability, reduces the shear stress in the bone-implant
interface, reduces the stress concentration in the cervical region, and
relieves stress concentration [3,6,9]. Increasing the surface area of the
implant improves the distribution of forces to the bone; for this reason,
various shapes of implants were developed to increase stability [11].
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Figure 6: Overlay Fail curves by implant system.

(a) ITI -2 pieces implant-abutment connection overlay curves
(b) ITI-1 pieces implant-abutment connection overlay curves

(c) ITO one piece implant-abutment connection overlay curves
(d) Unipost™ Screw implants overlay curves
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Figure 7: Fatigue behavior of the implant systems during stages 1 and 2.
Unipost™ Screw implants presented less distortion compared to the other
dental implant systems during the stage | to Il.
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Figure 8: Fatigue behavior of the implant systems during stages 2 and 3.
There is no significant difference between Integrity Tapered Implants (ITI) 1
piece implant-abutment connection and the Integrity Tapered implant 2 piece
implant-abutment connection. ITO one piece implant-abutment showed large
elasticity and therefore less catastrophic failures.

The failure mode was consistent for all Unipost™ Screw implants test samples.

The screw joint preload is one of the most important factors that
reduce and prevent screw loosening [9]. All Tatum’s abutment screw
was preloaded with 35 N. When a screw is tightened, a tensile force
(preload) is concentrated in the stem of the screw and acts from the
screw’s head to the threads (the weaker point) [3,6,13,14]. The preload
should be as high as possible to maximize the contact force between
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Figure 9: Failure mode of the Integrity Tapered Implants 2 pieces implant-
abutment connection system.

The failure mode of the Integrity Tapered Implants 1 and 2 piece abutment
connection was an identical combined bending of the implant-abutment
Connection.

Figure 10: Failure mode of the Integrity Tapered Implants 1 piece implant-
abutment connection system.

Figure 11: Failure mode of the ITO single piece implant-abutment
connection system.

ITO implant design system a bending of the implant- abutment body was
seen during the fatigue and compressive testing.

() (b)

Figure 12: Failure mode of the Unipost™ Screw Implants.

A. Fracture was observed mainly at the wall of the implant body and screw
threads of the abutment during the compressive testing (UTS). B. Fracture
of the wall of the implant body with some deformation of the abutment screw
during the compressive evaluation. C. Bending of the implant body and
. abutment screw during the stage 3 of the fatigue testing.

the abutment and the implant, always following the manufacturer
instructions. The manufacturer always determines the optimal torque
and preload values [3,14]. The higher the preload, the higher the torque,
which decreases the risk of screw loosening [3,6].

The implant-abutment interface requires adequate mechanical
characteristics to resist the functional occlusal loads and minimize
failures [4]. In this study the fatigue occlusal load was simulated at 3
different stages using 10%, 20%, and 40% of the previous determined
ultimate tensile strength for 300.000 cycles each. These steps simulate
the biting performance of the mandible for certain period of time
varying from less to high forces of mastication. Fatigue simulating
occlusal function at loads below the ultimate tensile strength may
contribute in the gradual loosening and failure of the screw [15]. The
in-vitro static and fatigue studies provide the clinicians with an idea of
how implant systems perform simulating natural forces [12,13]. One
of the limitations of this study is the comparison of 4 different implant
design system from one company.

All implants were set and prepared following the ISO 14081:2007
standard protocol. The mean UTS of the Integrity Tapered Implants
-2 piece implant-abutment connection is 3500.2N, suggesting that
this implant abutment system is the strongest out of the four tested
in the study. The strength of this implant may be due to the internal
design [16-18], which allows the large retention abutment screws of
2.0 mm and 2.5 mm, to be screwed until the middle or apical third
of the implant abutment. This characteristic may increase the fracture
strength of the implant system. The Integrity Tapered Implants - 1 piece
implant-abutment system had a mean UTS of 3090.6 N. The high UTS
value of both Integrity Tapered Implants systems could be attributed to
a higher resistance to lateral loads due to the lower center of rotation
and better force distribution within the system. These implant systems
have a unique pentagon internal abutment connection, which could
have reduced the abutment-screw load on the system, resulting in more
stabilility [17,19].

The mean UTS of the ITO one-piece implant abutment were
1892.9N. It is important to mention that during the static (compression)
testing of these implants, they remained in the plastic strain zone longer
than the other systems before the final failure occurred. Therefore, the
ductile curve is far superior to the other systems, which means that ITO
implant systems absorbed the energy better than the Integrity Tapered
Implants and Unipost™. There was no gap between the implant and the
abutment in the one piece tapered design; this design also eliminated
the micro-movement of the abutment screw [5].

The null hypothesis could not be accepted because there was a
statistical difference in fatigue between the Unipost™ screw implant
and Integrity Tapered Implants implant designs. The Unipost™ screw
implants had the lowest mean UTS value of 1892.9N compared to
the other implant systems evaluated in this study. The brittle curve is
higher and the ductile curve is lower. One reason for these findings
could be due to a progressive vertical interlocking of the tapered
connective elements under loading conditions, after definite seating
and cementation of the abutment [3]. Unlike the Integrity Tapered
Implants, the Unipost™ abutment is cemented and screwed to the
implant body counterclockwise to avoid loosening the abutment during
its preparation in the mouth. This may lead to minimal change of the
vertical dimension between the abutment and the implant, resulting
in a loss of screw tension at the connection [3]. When compared to
the posterior natural dentition, these implants demonstrated excellent
resistance to lateral loads. This may be attributed primarily to the
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diameter of the abutment screw with its 2.5-mm counter bore and the
union with the abutment, representing a unique piece [3].

The failure mode of the Integrity Tapered Implants -1 and -2 piece
abutment connections was an identical combined bending of the
implant-abutment Connection. For the Unipost™ screw implant the
failure was mainly at the wall of the implant body and screw of the
abutment during the compressive testing (UTS). For the ITO implant
design system a bending of the implant- abutment body was seen
during the fatigue and compressive testing.

Conclusions

Within the limitations of this in-vitro study, the following
conclusions were drawn:

- In General:

1. All implant systems failed far above the chewing forces of the
human masticatory forces.

2. The performance of the Integrity Tapered Implants with -2 pieces
abutment connection was superior to the other Tatum’s systems
in terms of fracture strength and failure mode.

- Static or Compressive testing:

1. Integrity Tapered Implants -2 pieces abutment connection
and Integrity Tapered Implants -1 piece abutment connection
systems can take the most UTS (n), compared to the other
studied systems.

2. There was no significant difference between ITO one-piece
implant-abutment connection system and Unipost™ Screw
implant system.

3. Maximum Elasticity was significantly different across all groups.

4. Post hoc analysis suggested that all groups were significantly
different from one another.

- Fatigue testing:

1. Unipost™ Screw implant system was significantly different from all
other groups between stages 1 and 2.

2. During the fatigue testing there was not difference between ITO
one piece implant-abutment connection system and the Integrity
Tapered Implants -2 and -1 piece implant-abutment connection
systems.

3. Between stage 2 and 3, there was no significant difference between
Integrity Tapered Implants -2 and -1 piece implant-abutment
connection systems, however Unipost and ITO are different from
one another.

Further studies in fractography and true strain of the implants
surfaces may provide additional information to assess the clinical
significance of the findings obtained in this investigation.
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