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ABSTRACT

Background: This experimental study assessed reverse torque of indexed and nonindexed (NI)
abutments in Morse Taper (MT) implants in a mechanical fatigue test.

Materials and Methods: In this experimental study It was used 37 implants MT and over them
installed Pilar Flex abutments (4.8 mm X 6 mm X |.5 mm).The groups were as follows: Group A
used 19 MT implants with a NI Pilar Flex abutment loaded with 32 N/cm and Group B used 18
MT implants with an indexed (IN) Pilar Flex abutment loaded with 20 N/cm. The abutments
were tested according to ISO standard 14801/2007.The specimens were installed at 30° from the
axial axis and underwent a 133 N load, 4 Hz frequency, and 1,000,000 cycles. Once the test was
completed, the reverse torque was provided by an electronic torque meter. Data were submitted
to statistical analysis using the t-test for independent samples and paired t-test. The significance
level was considered P < 0.05.

Results: Results obtained showed that the indexed Pilar Flex abutment had a percentage of torque
loss from the initial torque of 49% and the NI Pilar Flex abutment lost 14%. Paired Student’s t-tests
revealed that for both NI (P <0.001) and indexed (P < 0.001) abutments, the counter torque values
were significantly lower than those applied at the initial torque.

Conclusion: According on the methodology used, the NI Pilar Flex abutment was more effective
regarding the reverse torque in single-unit implant prostheses versus the indexed Pilar Flex
abutment. A greater loosening in the indexed Pilar Flex abutment retaining screw was noted in
the reverse torque test, and the Pilar Flex abutment failed to show good outcomes related to the
cold welding effect.
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INTRODUCTION

Implant dentistry is a constantly evolving specialty,
where antirotational systems for prosthesis—implant
connections have been frequently modified in pursuit
of a better adaptation with fewer risks of fracture and
abutment retaining screw loosening.!"*!

Access this article online

Website: www.drj.ir
www.drjjournal.net
www.ncbi.nlm.nih.gov/pmc/journals/1480

External hexagon (EH) was the first antirotational
system in implant dentistry.’-! Years later, to improve
stability results in implant prostheses, internal
hexagon (IH) implants were developed.[*®
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During this evolutionary process, Morse Taper (MT)
implants appeared with the advantage of interlocking
the abutment and implant walls together. The more
the abutment screw is tightened, the more intimate
is the contact with the internal implant wall, thus
impeding loosening of the abutment.[™”!

These different types of implant—abutment connections
can be classified as butt—joint (junction) connections
and tapered connections!'”’ and subclassified according
to the presence or absence of an antirotational system,
which is commonly achieved through an index in the
abutment—implant interface.!'!

Since the nonindexed (NI) MT does not have a
smooth internal surface and lacks an installation
guide, it is more difficult to maintain the abutment
in position.”? Therefore, the implant with an indexed
MT prosthetic connection was developed, where there
is an antirotational system that is similar to the IH
implant inside the MT implant.'” This component has
a fitted screw, which according to the manufacturers
requires a smaller installation torque. This fact
has raised concern regarding the abutment’s final
torque and longevity. Villarinho et al.” reported that
the presence of the index might negatively affect
the biomechanical stability of retaining screws in the
tapered abutment.

The occlusal load is another major factor in
loosening of the prosthesis retaining screw and
fatigue tests are reported by several authors,!®!3 such
as a cyclic loading technique, to simulate chewing
forces. The fatigue test is accepted as the best way
to generate fracture resistance and longevity data for
implants and abutments and also to simulate in vivo
conditions.!!)

With the concern of offering to our patients’
implant prosthesis with greater predictability and
longevity, this study has evaluated two prosthetic
connection systems of MT implants, the indexed
(with fitted screw) and NI abutments undergoing a
mechanical cycling fatigue test under dry conditions.
The null hypothesis postulated that the types of
abutment/connection do not influence reverse torque
results following the mechanical cycling fatigue test.

MATERIALS AND METHODS

Samples and preparation of specimens
In this experimental study, 37 implants with
prosthetic MT connection (Pross Implantes, Ribeirdo

Preto, SP, Brazil) made of titanium Grade IV of
3.5 mm diameter and 11.5 mm length, containing
the hexagonal indexer inside, were used [Figure 1].
Straight Pilar Flex abutments of 4.8 mm diameter
per 6 mm height and 1.5 mm neck height
(Pross Implantes, Ribeirdo Preto, SP, Brazil) were
installed in the implants.

Pross Implantes has as one of its options for
implant-prosthetic  rehabilitation, the Pilar Flex
abutment, that can be used both for single-unit or
multiple implant prostheses. And also, the same
abutment can be used for screw and cement-retained
implant-supported restorations. The option will
depend on case particularities and the technique used
by each professional. In this study, a unitary and
screwed case was simulated.

In the abutment/implant interface, the screw can
be single-body (Pilar Flex NI) which receives
tightening larger torque or that abutment may contain
a through screw (indexed Pilar Flex) which has a
hexagon to fit perfectly into the Cone Morse implant
hexagon [Figure 2]. This abutment has a smaller
diameter screw that receives a smaller tightening
installation torque.

For this reason, two study groups were created;
Group A received 18 NI, single-screw Pilar Flex
abutments, and a 32 N/cm torque was applied to the
implant in each sample. Group B received 19 indexed
Pilar Flex abutments with an antirotational system
containing the fitted screw, and a 20 N/cm torque was
applied, according to the manufacturer’s instructions.

The  specimens were manufactured using
*/s+ inch diameter PVC tubes where the implants

™ = = — ,: o >.:._A i ,)
Figure 1: Morse Taper implant with image of the indexer inside
the implant. Source: Pross Implantes, 2014, p1.
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were stabilized wusing a polyurethane resin
(Axson Technologies, Saint-Ouen-I" Aumone,
France), leaving implant threads exposed about
3 mm above the resin, as per ISO 14801/2007
protocol [Figure 3].014-161

The same operator was calibrated and conducted all
tests throughout the study. Samples were tested in a
randomized sequence within their groups and then
numbered to create a table.['”)

Application and measurement of the installation
torque

Using a manual torque meter (Pross Implantes,
Ribeirdo Preto, SP, Brazil) with a 1.6 mm diameter
hexagonal wrench, from the same company, the
indexed abutment received 20 N/cm and the NI
abutment 32 N/cm according to the manufacturer’s
instructions. Following 10 min, the torque applied
was confirmed.!:13:15.18-20]

Manufacture of the protective coping

With the concern of manufacturing highly accurate
copings standardized among the 37 specimens, the
CAD/CAM system (Amann Girrbach, Vorarlberg,
Austria) was used. The Pilar Flex abutment was
scanned, and then, a digital drawing of the coping
was generated with a 20 mm space between the
coping and the abutment, so as to achieve mechanical
retention. This coping was produced in order to
mimic a crown and protect the head of the Pilar Flex
abutment screw so as not to damage it, which would
affect insertion of the wrench (1.6 mm diameter) in
the reverse torque test.

The copings were cemented onto the abutments with
TempBond NE (Kerr, Romulus, Michigan, United
States) temporary cement [Figure 4]. Temporary
cements were selected in this study to allow access to
the abutment screw, following the mechanical cycling
test.12131

Performing the mechanical cycling fatigue test
The specimens were installed on a metallic surface with
30° inclination in the cycling fatigue machine (Erios, Sdo
Paulo, SP, Brazil) and received 1,000,000 cycles, with
axial loads to the implant/abutment set, simulating a
chewing force of 133 N/cm and with 4 Hz frequency,
according to the values proposed by ISO standard
14801/2007 [Figure 5].

All tests were conducted at the Material Testing
Laboratory of ICT-UNESP, Dentistry School
(University of Sdo Paulo) in Sdo José¢ dos Campos,

Figure 2: Left: Nonindexed Pilar Flex Morse Taper abutment.
Right: Indexed Pilar Flex Morse Taper abutment.

placed on a surface with 30° inclination as per ISO 14801/2007
protocol.

Figure 4: Copings positioned and temporarily cemented onto
the Pilar Flex abutment.

in vitro at a dry place, room temperature (24°C + 1°C),
with 53% £ 1% humidity."
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Application and measurement of reverse torque
values

Following completion of the cycling test, reverse
torque was applied to the 37 Pilar Flex abutment
specimens with an electronic torque meter
(model TQ 8800, LT Lutron, Taiwan) and the same
1.6 mm diameter hexagonal wrench (Pross Implantes,
Ribeirdo Preto, SP, Brazil) used for the initial torque.

Individual data were collected and reverse torque
values were analyzed. Following the cycling fatigue
test, Groups A and B were compared.

Statistical analysis

After the homogeneity of variance was verified through
the Levene’s test and data, normality distribution was
performed using the Shapiro-Wilk test, in order to
compare whether there were any differences in the
reverse torque values for indexed and NI MT abutments,
the Student’s #-test was used for independent samples.

To investigate whether there were any differences
between the initial torque and reverse torque values
for indexed and NI MT abutments, paired Student’s
t-tests were applied.

Statistical calculations were performed using the
SPSS 23 software (SPSS Inc., Chicago, IL, USA),
and a significance level of P < 0.05 was adopted.

RESULTS

The Student’s t-test for independent samples showed,
with 100.0% test power, that the reverse torque values
for indexed MT abutments were significantly lower
than those obtained with the NI ones (P < 0.001), as
shown in Table 1 and Figure 6, i.e., loss of the initial
torque in the indexed abutment was on average higher
versus the NI abutment.

Paired Student’s #-tests showed that for both NI
(P < 0.001) and indexed abutments (P < 0.001),
the reverse torque values were significantly lower

Table 1: Mean values and standard deviations
of initial and reverse torque in indexed and
nonindexed Morse Taper abutments and
percentage loss from initial torque (N/cm)

Morse Taper Initial Reverse Percentage loss from
abutment torque  torque initial torque (%)
Indexed (n=19) 20 (0) 10 (4)B 49
Nonindexed (n=18) 32 (0) 28 (3)A 14

SD in parentheses. Means followed by distinct letters indicate a significant
difference in the reverse torque between indexed and nonindexed abutments
(P<0.001). SD: Standard deviation

than those applied in the initial torque [Table 1]. On
average, for NI abutments, there was a 14% torque
loss, while for the indexed abutments, the reverse
torque was 49% lower than the initial torque.

Another result obtained in this study was that of
the 18 NI Pilar Flex abutment specimens, a reverse
torque (34 N/cm) greater than the initial torque
(32 N/cm) was applied to only two, showing that only
11% of the samples in this group achieved the cold
welding effect. For the indexed Pilar Flex abutment,
none of the 19 samples obtained a reverse torque
greater than the initial torque.

DISCUSSION

In this study, the null hypothesis was rejected since
there was a significant difference (P < 0.001) in the

Figure 5: Image of the specimens positioned in the cycling
machine.
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Figure 6: Column diagram of mean reverse torque values in
indexed and nonindexed Morse Taper abutments. Key: Vertical
bars indicate the standard deviation. Means followed by distinct
letters indicate a significant difference in the reverse torque
between indexed and nonindexed abutments.
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reverse torque results for indexed (Group B) and NI
abutments (Group A) following the cycling fatigue
test.

This study was conducted according to the
specifications described by Lee et al.*!! following
the fatigue testing protocol for implants, called ISO
14801 Protocol. ISO recommendations were designed
for single-unit, endosseous, and transmucosal implants
and tested in “worst scenario” applications. Since
2007, ISO guidelines limit tests under wet conditions
to 2 Hz and two million cycles. For dry conditions,
tests are limited to 15 Hz and up to five million
cycles.

Several studies used this protocol;>*?>23] however,
rather than a standard, there is a recommendation of
parameters made by ISO 14801/2007. Therefore, the
present study was performed under dry conditions,
with 4 Hz frequency, 30° inclination, 133 N load, and
1 million cycles.

The specimens consisted of single-unit, cemented
prostheses with premanufactured titanium
grade V abutments. Wiskott et al**! noted that
premanufactured titanium abutments are 20% more
resistant than abutments made of aluminum oxide
or zirconium. According to Gehrke et al®! the
CAD-CAM system allows for better customization
and accuracy when manufacturing the abutments. The
copings in the present investigation were obtained
using CAD-CAM, a methodology that was also used
by Yao et al.l'”!

Such copings were manufactured to mimic a crown
and protect the retaining screw. For cementing, a
temporary cement was used to facilitate coping
removal and allow access to the screw following the
cycling test. This same strategy was recommended
in the studies by Ding et al!" and Moris et al.l'”
However, according to Schittenhelm ez al.,** the use
of provisional cementing as compared to definitive
cementing did not interfere in the final investigational
result.

Studies”?” analyzed NI MT implants and noted
loosening of only 0.6% and 0.66% of the abutments,
providing high mechanical stability and reduced
prosthetic complications, thus being considered
reliable for single-tooth rehabilitations in all arches.

The Morse system is defined in regard to the form of
adaptation by friction between the metallic surfaces,
known as cold welding, characterized by requirement

of a reverse torque greater than the insertion torque to
release the abutment.['¥! In the present investigation,
the initial torque given in the NI Pilar Flex abutments
was 32 N/cm, but after the cycling fatigue test, two
of the samples from this group had a removal torque
of 34 N/cm. This stability gain did not occur in the
IN Pilar Flex, which shows that only 5.4% of all
37 samples (IN + NI group) presented the “cold
welding effect. On analysis of results from the NI
group only, the cold welding effect was present in
11% of the samples. This finding was shown with
greater efficiency in the study by Squier et al.*®
where the mean obtained was 37.16 N/cm reverse
torque in 20 samples in ITI synOcta implants with NI
abutment, considering an initial torque of 35 N/cm.

The specimens in the present study were
manufactured from MT implants of 3.5 mm diameter,
abutments of 4.8 mm diameter, 0.6 mm height, and
1.5 mm belt (transmucosal), which endured the
entire cycling test with no abutment and/or implant
fracture. Different results were found by Quek
et al® where EH implants (Nobel Biocare) of
various diameters (3.3/3.75/5.0 mm) were used. Of
the lower diameter implants, 6/15 showed abutment
fracture, while in those of greater diameter, no failures
were present following the fatigue test. The authors
also suggested that the retaining screw be replaced
when it becomes loosened since potential fatigue will
result in screw fracture. Nguyen et al.*” confirmed
this finding, showing that lower diameter implants
increase the fracture risk, especially in zirconium
abutments. In another study, Quek ef al.P'! analyzed
implants/abutments in three torque settings: as
recommended by the manufacturer, —20% and +20%
of the recommended torque, and following the cycling
test, and they noted that there was no statistical
difference when the torque recommended by the
manufacturer was used. Under the other conditions,
however, there was fracture of the retaining screw,
implant, or abutment. Kim et al.** used Straumann
implants and installed abutments of the same brand and
abutments from three different brands, but compatible
with this system. Following the cycling fatigue test,
more than half of the non-Straumann abutments were
fractured, which show that interchanging systems is
not recommended. Given these findings, the present
study used only abutments made by the implant
manufacturer with the recommended torques.

In a fatigue test performed by Ribeiro et al.*¥ using
1 million cycles in EH, IH, and MT implants, a
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better efficiency was noted in the implant-abutment
interface of the EH system. Worse results were noted
for IH and MT systems due to a lack of accuracy of
those components. Similar results were found by Shin
et al. " where in a comparison between EH, 8° MT,
and 11° MT implants, the best reverse torque result
was obtained in EH implants.

Using a methodology similar to that in the study by
Villarinho et al.,” we were able to note similar results
of loss of reverse torque values. In the MT implant
with indexed abutment, the authors found a 52.65%
loss in reverse torque values, and in the NI abutment,
this loss was 13.84%. However, in the present
investigation, results were 49% for the indexed
abutment and 14% for the NI abutment. Considering
the higher loss of reverse torque values for indexed
abutments, this suggests greater fragility in this type
of abutment and its use can be considered to be
vulnerable for single-unit implant prostheses.

The reverse torque values for indexed MT abutments
were significantly lower than those obtained with the
NI ones (P < 0.001). In this study, different initial
torque values were applied because when using a
component with a through screw (indexed abutment),
a lower initial tightening torque is required, as
recommended by the manufacturer.

Loss of the initial torque in the indexed abutment
was on average higher versus the NI abutment,
thus showing greater loosening of this abutment as
compared to the NI one.

Yao et all¥ evaluated MT implants with indexed
and NI abutments and noted a higher fracture rate for
indexed abutments. The authors related the findings
to the area of greater strain located at the index. In
the present study, no fractures or abutment loosening
was noted. However, Farina et al.’Y emphasized the
importance of frequently repeating the torque for
screws of implant prostheses since the authors found
a 20%-50% loss of the initial torque following a
1-year simulation of chewing.

New studies will be required in the search for a better
understanding of the difference in reverse torque
between indexed and NI abutments. The present
study suggests that the lower initial torque applied
to the indexed abutment may be responsible for such
difference. Another possible explanation could be
in the accuracy of the fit between implant/indexed
abutment interfaces, as already described by Vigolo
et al.,’! Semper et al.,’® and Semper-Hogg et al.’”

A study comparing indexed and NI MT abutments in
fixed prosthesis settings is also warranted.

CONCLUSION

Based on the methodology used and results obtained:

a. There are significant differences in the reverse
torque between indexed and NI abutments,
showing greater loosening of the retaining screw
in the indexed Pilar Flex abutment

b. The NI Pilar Flex abutment was more effective
regarding the reverse torque in single-unit implant
prostheses versus the indexed Pilar Flex abutment

c. IN and NI Pilar Flex abutments failed to show
good outcomes related to the cold welding effect.
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