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Abstract

Objective The aim of the present in vitro study was to assess
resistance to static fatigue of implants with different connec-
tions at various insertion levels.

Materials and methods Sixty implants and abutments were
used with the smallest diameter of each model. Four groups
(n=15) were created on the basis of the implant design and
connection: cylindrical external hexagon ¥3.30 mm (group
1), cylindrical internal hexagon ¥3.30 mm (group 2), conical
internal hexagon ©¥3.50 mm (group 3), and conical Morse
taper 33.50 mm (group 4). Three insertion levels in resin
were tested, 0 mm at the platform level (1;), 3 mm (I,), and
5 mm (I5) above the platform of the resin. All groups were
subjected to quasi-static loading at 30° to the implant axis in
a universal machine.

Results The mean fracture strengths for group 1 were
1,991 N (1)), 1,020 N (1), and 767 N (l3); for group 2:
2,119 N (1), 1,034 N (1), and 903 N (13); for group 3:
2,373 N (1), 1,407 N (1), and 929 N (l5); and for group 4:
1,710 N (1;), 1,680 N (1), and 1,182 N (15).

Conclusions Resistance to loading decreases significantly
with the loss of insertion, and the connection design between
the implants and abutments can change the performance and
resistance of the system.
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Introduction

The replacement of missing teeth with dental implants has
become routine in dental practice. The success rate of this
treatment is higher than 90 % and is consistently predictable
[1]. On occasion, however, prosthetic implants will fail be-
cause of mechanical or biological causes [2].

Clinical observations have indicated that the primary
causes of implant failure include incomplete osseointegration,
complications from neighboring soft tissues and biomechan-
ical problems. Still, the failure of dental implants related to
defects or faults introduced during implant design or pro-
duction [3] can be attributed to poor planning or the use
of an improper design and/or dimensions [4] for a given
region of the maxilla or mandible [3, 5]. A combination of
these factors, along with an inadequate integration with the
supporting structures, are considered as additional causes of
failure [6-9] and may lead to overloading of the implant
[10]. Occlusal conditions, such as parafunctional habits or
excessive occlusal forces, have been identified as other poten-
tial causes of implant fracture [11]. Finally, the passive fit and
seal between the implant and its abutment components are
factors that further determine the success and longevity of the
system.

Titanium has been used to manufacture implants owing to
its physicochemical properties. However, its rigidity as com-
pared with alveolar bone is the primary drawback of this
implant material, as it removes stress from the bone and causes
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a loss of bone mass and ultimately resorption at the site. This
phenomenon is known as stress shielding [12]. An important
implication of this loss of bone is the risk of implant fracture. A
small number of cases were reported to have implant fracture 6
to 7 years after placement [13]. These fractures were observed
primarily at the implant neck. When this occurs, the remaining
implant body is rigidly connected to the bone, and thus, remov-
al of the fractured implant involves the removal of living bone,
with subsequent pain experienced by the patient.

In an effort to reduce the frequency of this outcome, the
mechanical causes of fracture are being scrutinized, with mul-
tiple studies examining mechanisms to retrieve fractured dental
implants [14—18] and the causes of these fractures. Adequate
crestal bone level is considered as an important clinical deter-
minant for the success of implants [19]. The loss of peri-implant
crestal bone will dramatically affect the biomechanical anchor-
ing of the prosthetic restoration and possibly compromise pro-
posed treatment [20] and may be attributed to several factors,
such as excessive occlusal forces, trauma during the surgical
procedure, inflammation/ infection, implant exposure during
soft tissue healing, implant abutment gap present in the great
majority of implant systems commercially available, early
loading of a not biomechanically competent bone biomaterial
interface, and implant bulk device design, particularly the crest
module profile [21]. Furthermore, when vertical bone loss
coincides with the internal chamber for fixation of the abutment
screw in their apical limit, there is an increased risk of implant
fracture [22].

The hypothesis was that the type of implant and its con-
nections would impact on the strength-to-fracture of the im-
plant. The use of an implant more resistant to fracture would
be particularly crucial in areas where bone loss is known to be
more frequent. Thus, the aim of the present in vitro study was
to assess resistance to static fatigue of implants with different
connections at various insertion levels.

Materials and methods
Sixty dental implants and 60 abutments were manufactured
by the same company (Implacil De Bortoli, Sdo Paulo,

Brazil), with characteristics as described in Table 1. Four
implant types were used in the final analysis: cylindrical

Table 1 Experiment groups with characteristics of each implant model

Group Connection Diameter n

1 External hexagon 3.30 mm 15
2 Internal hexagon 3.30 mm 15
3 Internal hexagon 3.50 mm 15
4 Morse taper 3.50 mm 15
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external hexagon ©3.30 mm (group 1), cylindrical internal
hexagon ©3.30 mm (group 2), conical internal hexagon
?3.50 mm (group 3), and conical Morse taper ¥3.50 mm
(group 4). Figure 1 illustrates the dimensions and appearance
of the implants (13 mm in length).

Test implants were loaded with static compressive forces.
The static fatigue strength of the dental implants was tested
according to previous guidelines; these guidelines recom-
mend selection of the smallest diameter of implant available
for each model because this critically impacts on the efficacy
of the implant and an implant angulation of 30° with respect
to the applied load [22].

The implants were embedded in epoxy resin with the
implant body placed at three different levels: (1;) surface
level (Ievel 1=0 mm), (I,) 3 mm above surface level (level
2=3 mm), and (I3) 5 mm above surface level (level
3=5 mm), simulating various marginal bone levels (Fig. 2).
The epoxy resin had a Young's modulus of elasticity similar
to cortical bone. For each level, five implant specimens per
group were used (20 implants per level).

The abutments were set with the same final height and
received a torque of 25 N, as recommended by the product
manufacturer. A metal hemisphere was elaborated and cemented
on the abutment (Fig. 3).

According to the study outline (Table 1), all groups were
subjected to quasi-static loading until fracture using a prop-
erly calibrated universal testing machine (model AME-5kN,
Técnica Industrial Oswaldo Filizola Ltda, Guarulhos, Brazil)
with a test capacity of 5.0 kN. Tests were conducted at the
Testing Laboratory of Biomechanics (Biotecnos, Santa
Maria, Brazil). The test speed was set at | mm/min.

After the quasi-static loading test, all fractured samples
were ultrasonically cleaned in 96 % isopropanol and ob-
served under low power magnification. Digital photographs
were taken using a Sony H9 digital camera (Tokyo, Japan),
and the data were reported descriptively.

Statistical analyses were performed using a one-way anal-
ysis of variance (ANOVA) to determine the differences be-
tween the four groups.

Results

The fracture strength values of all groups recorded during
quasi-static loading are shown in Figs. 4 and 5. All four
implant types (groups 1-4) showed the greatest degree of
resistance at level 1. Across the four groups, a 3-mm loss in
insertion produced an average reduction in strength of
37.2 % and a 5-mm loss in insertion caused an average
reduction in strength of 53.8 %. However, the most critical
decreases in resistance were found between the groups.
Cylindrical external hex implants (group 1) showed a high
level of resistance at level 1, with a mean of 1,991 N and
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Fig. 1 Image of the implants
used in the study: cylindrical
external hexagon (3.30 mm),
cylindrical internal hexagon
(3.30 mm), conical internal
hexagon (3.50 mm), and conical
Morse taper (3.50 mm),
respectively

presented a slight deformation of the hexagon upon crushing
and fracture of the abutment. At level 2, a slight deformation
to the hexagon was also observed; however, a partial tear
(fissure) in the implant body at the origin of its insertion and
a fracture of the abutment were also observed, with a
48.74 % reduction in average strength relative to that of level
1 (F=1,020 N). At level 3, the change in the hexagon was
similar to the previous levels and the partial tear to the body
of the implant was slightly higher than at the previous level.
The average resistance relative to level 1 was reduced by
61.45 % (F=767 N).

The cylindrical internal hexagon implants (group 2)
showed a high degree of resistance at level 1 (£=2,119 N),
with the greatest deformation observed when the hexagon
was displaced by the applied load. At level 2, complete
fracture of the implant body was observed at the level of

Fig. 2 Image showing the bone
levels examined in this study

s OmMmdé o 4, 3mmdé o 4 5mm¢

insertion of the hexagon component, showing an average
reduction of 51.19 % (F=1,034 N). At level 3, the implants
exhibited the same behavior as described for level 2, with
complete fracture occurring at the head of the implant. The
resistance average reduced by 57.36 % (£'=903 N) relative to
that observed at level 1.

The highest level of resistance at level 1 was measured with
the conical internal hexagon implants (group 3), with an aver-
age strength of 2,373 N. Deformation occurred along the hexa-
gon with a fracture of the abutment. At level 2, there was a large
deformation in the hexagon, a partial tear (fissure) of the
implant body at the origin of its insertion, and a fracture of
the abutment, showing an average 40.67 % reduction in resis-
tance (F=1,034 N). At level 3, there was a fracture in the
abutment and changes to the hexagon. In addition, the body
of the implants had a small crack at the level corresponding to
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Fig. 3 Scheme used in the compression test based on ISO 14801/2007
standards [22]. The distance between the red points (alpha) shows the
extent of compression during the test

the end of the internal chamber of the screw. An average
reduction of 60.84 % (F=929 N) was observed as compared
with that at level 1.

The fourth group of conical Morse taper implants
exhibited almost uniform resistance under all three condi-
tions. At level 1, the implant bowed but did not fracture
completely, deforming only in the cervical portion of the
implant, with an average strength of 1,710 N. At level 2,
there was also a slight deformation in the cervical portion of
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Fig. 4 Forces required to rupture in the groups at each proposed level

@ Springer

3500

3000

2500

2000 -

Hlevel 1

Froce in Ncm.

M level 2

wlevel 3

Groups

Fig. 5 Averages force required to rupture of the resistance to static
fatigue in the groups of implants with different connections at various
insertion levels and standard deviation

the implant and a fracture of the abutment; however, it did
not show fissure or deformation in the body of the implant,
with an average strength of 1,680 N. At level 3, no additional
changes were observed in the cervical portion; however, a
small fissure was observed in the body of the implants, with
an average reduction of 30.87 % in strength (F=1,182 N).
Significant differences between the four groups were ob-
served using a one-way ANOVA test. In all cases, F-
cal=18.46106 was greater than F-crit=4.25649, with signifi-
cance set at p<0.05. Within the groups 1, 2, and 3, variations in
the level of insertion significantly affected the resistance of the
implants, with a higher insertion causing a significant decrease
in resistance between levels 1 and 2. The exception to this was
observed for group 4, which showed no difference between
levels 1 and 2 and the lowest reduction between the groups.

Discussion

Endosseous implants are widely used for prosthetic treatment
in fully or partially edentulous patients. In general, these
implants are considered to be consistent and predictable, with
few failures [23]. In situations where implant fracture occurs,
it is difficult to repair the implant because of technical and
physiological complications. The possible causes of fracture
can be classified into three broad groups: (1) failure of the
implant design or the employed material, (2) an absence of
passive adaptation of the prosthetic crown to the implant
substructure, and (3) overload due to parafunctional habits.
The type of treatment may also be influenced by the load and
stress that is transmitted to the implant following reconstruc-
tion. The results of this study demonstrated that the insertion
level of the implant can significantly influence the level of
resistance offered by the implant, with a deeper insertion
providing a larger resistance to external forces.

Some authors [11] have observed that bone loss occurs
around the implant above its point of fracture, particularly
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when molar implant units are involved. Corono-apical re-
sorption produces a high bending stress on the implant
because of the loss of bony support. Bone resorption in
response to peri-implantitis usually extends to the level of
bone corresponding with the end of the abutment screw,
where resistance to bending is diminished [24, 25]. This
region is strongly related to the magnitude and direction of
the stress that is transmitted to the implant. These forces are
affected by the nature of the antagonist teeth, the bite force,
the number of implants available to support the load, and the
structure of the prosthesis with respect to the position of the
implant [1]. Here, we examined the resistance to static fa-
tigue of implants with different connections at various levels
of integration and found significant differences between the
connection types. To conduct this study according to ISO
14801:2007 [22], the smallest diameter implant of each
model was used set at an inclination of 30°. The implant
diameter relative to the dimension of the supporting bone is
critical for successful treatment. The average maximum bit-
ing force exhibited by adults in the premolar and molar
region is 789 N for man and 596 N for women [26]. In our
study, fracture strength after static loading of the specimens
was significantly higher for groups 1 and 2 at implant levels
0 and 3 mm. When the insertion was reduced to 5 mm above
the surface level, the resistance of the models approximates
the previously reported masticatory forces [27].

The fracture load values found for the titanium implants in
this study are lower than those reported by Strub and Gerds
[28] for implant metal abutment combinations after chewing
simulation. This difference may be explained by differences
in methodology. For example, in this study, the static load
measurements were stopped after a deflection of 4 mm,
while Strub and Gerds [28] continued until they observed a
deviation from the linear slope in the load displacement
graph. The fatigue test established by ISO 14801:2007 [22]
is extremely important in the evaluation of dental implants.
These guidelines serve to analyze the samples mechanically
with the intention of mimicking clinical behavior. Our tests
using static implant fatigue for different products at various
levels of insertion demonstrated that implant strength is
maximized when fully embedded. A 3-mm loss in insertion
has an average reduction in strength of 37.2 %, whereas a 5-
mm loss in insertion has an average reduction in strength of
53.8 %. Morse taper implants showed the lowest loss in
strength of all groups because of the type of abutment used
in this system. These results demonstrate that the type of
implant and abutment can change the performance and re-
sistance of the system, and suggest that in areas where there
is a possibility of bone loss, the selection of a connection
type is an important consideration to the longevity of the
implant system in dental repair. While other meaningful
results have been reported in chewing simulation or fatigue
loading studies of implant abutment systems [29-31],

clinical trials are necessary to validate the results of these
investigations as well as the present in vitro study.

Conclusions

Within the limitations of this in vitro study, we conclude that:

1. The level of cervical insertion of implants affects the
resistance to external forces during the application of non-
axial strength.

2. Implants integrate firmly into bone and fracturing gener-
ally takes place at the neck portion of the implant.

3. Connection design between implants and abutments can
change the performance and resistance of the system.

Conflict of Interest The authors declare that they have no conflict of
interest.
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