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ABSTRACT
Statement of problem. Internal conical connections provide mechanical stability for the prosthetic
abutment and implant connection. However, some clinical situations require the use of angled
prosthetic abutments that may increase stress on supportive implants by difference force vectors
under cyclic loading.

Purpose. The purpose of this in vitro study was to measure the screw loosening values of prosthetic
abutments with internal conical connections (indexed and nonindexed) having different angles
under mechanical cycling.

Material and methods. Thirty-six implants (4.0×13 mm, Titamax) with internal conical connections
and their respective universal prosthetic abutments (n=36, 3.5×3.3 mm) were divided into indexed
and nonindexed groups (n=18) with abutment inclinations of 0 (straight), 17, and 30 degrees. An
insertion torque of 15 Ncm was applied according to the manufacturer’s specifications. The
specimens underwent fatigue testing of 500 000 cycles at a frequency of 2 Hz with a dynamic
compressive load of 120 N at an angle of 30 degrees. The detorque values were measured by
using a digital torque meter and tabulated for statistical analyses.

Results. The specimens with indexed abutments had mean ±standard deviation detorque values of
6.72 ±2.29 Ncm under mechanical cycling, whereas those with nonindexed abutments had values
of 8.98 ±1.84 Ncm. In the indexed group, the lowest detorque value was observed for abutments at
30 degrees compared with the straight group (P<.05). As for nonindexed abutments, similar
detorque values were observed after increasing the abutment inclination (P>.05).

Conclusions. A decrease in detorque values in the indexed abutments related to their inclination
was found under mechanical cycling, whereas the prosthetic abutments with 30 degrees of
angulation had the lowest values. No decrease was found in the nonindexed abutments. (J Pros-
thet Dent 2020;-:---)
Understanding the biome-
chanics of dental implants is
essential for providing a stable,
clinically successful implant-
supported restoration. Me-
chanical problems include
loosening and fracture of the
abutment screw, deformation
of the implant shoulder, and
even fracture of the implant
itself.1-3 High rates of clinical
complications related to the
fixation screw have been re-
ported, particularly with
single-unit restorations.4,5 This
problem has prompted
research aimed at modifying
prosthetic components and
the implant shoulder.6,7

In engineering, Morse ta-
per connection systems are
frequently used when a highly
retentive and stable connec-
tion is needed.8 This internal
conical connection concept has

been applied to dental implants with advantages that
include decreasing the rate of abutment screw loosening,
improved adaptation among the prosthetic components,
and decreased micromovement between abutment and
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implant, resulting in improved resistance of the
abutment-implant assembly.3,9-12 Tapered connection
systems typically feature 2 forms of abutments, solid and
fixed by a through screw, commonly used in angled
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Figure 1. Prosthetic abutments. A, Indexed. B, Nonindexed.

Clinical Implications
The indexation and angulation of abutments may
influence detorque values in universal abutment
screws under mechanical cycling, even with an
internal tapered connection.
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components and often requiring torque values lower
than half the torque applied to solid-screw
abutments.10,13,14

Because the adaptation of the abutment and the
resulting preload torque depend on component design,
abutment angulation could be important given the
different force vectors during cyclic loading.15-17 In this
respect, when dental implants are installed, they should
be aligned with mastication forces.18 However, some
clinical situations, such as limited bone volume, may
require angulation of the prosthetic abutment to
compensate for installation of an implant in a nonoptimal
position.19-21 Although prosthetic rehabilitation is
possible, esthetics may be compromised, and increased
stress may occur on the implants, the adjacent bone, and
the prostheses.22

An internal hexagonal index may be provided in the
components with a tapered connection to facilitate the
prosthetic procedure.21 Although indexes improve accu-
racy for prosthetic rehabilitation, they reduce the internal
conical area in contact with the abutment, thus influ-
encing mechanical stability.22

Therefore, considering the possibility of long-term
mechanical complications,23-29 this study focused on
comparing the detorque values of universal abutment
screws at different angles under mechanical cycling, with
both indexed and nonindexed systems for implants with
internal tapered connection. The research hypothesis was
that screw loosening would increase with increasing
abutment angulations.
MATERIAL AND METHODS

Titamax implants were used (Titamax CM Cortical,
4.0×13 mm; Instradent AG) (n=36) with an internal
tapered connection and their respective universal pros-
thetic abutments (n=36) with a tapered fixation screw
and transmucosal abutment height of 3.5 mm, 3.3 mm
profile, and 6.0 mm of cementation height (Universal
Abutment CM; Instradent AG). Of these, 18 were in-
dexed (Universal Abutment CM Exact; Instradent AG),
with an internal contact area of 12.781 mm2, and 18 were
nonindexed, with an internal contact area of 13.671 mm2

(Fig. 1).
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The specimens had a study factor “index” for the
prosthetic abutment and were subdivided into groups
(n=6) with 3 different angulations: 0 (straight), 17, and 30
degrees. An a priori sample size calculation was per-
formed by using an analysis software program (G*Power
3.1.9.4; Heinrich-Heine-Universität Düsseldorf) to esti-
mate the number of specimens needed to detect differ-
ences in detorque values. The effect size was identified as
0.830 based on a pilot study carried out with 3 specimens
from each group. Such effect sizes would require at least
4 specimens per group to detect differences among the
treatments at a=.05 and b=.80. In the present study, 6
specimens per group were used.

The abutments were installed on the implants, and
the assembly was fixed into place with a vise (Somar;
Schulz. Answer: please, correct.–>). The depth of the
internal chamber of the implant was measured to ensure
implant fixation on the vise, below and adjacent to the
chamber, to avoid deformation, which could influence
the results.30-32 The prosthetic abutments were coupled
manually to the implants by using a 0.9-mm torque
wrench (Neodent) to stabilize the assembly. A torque of
15 Ncm was applied as specified by the manufacturer
with a digital torque gauge (Torque Meter TQ-8800;
Lutron). All the specimens were activated at the same
time by the same operator (D.H.).

Brass bases were used to fix and stabilize the speci-
mens to perform the mechanical cycling. Each base had a
final cylindrical configuration measuring 2.0 cm in
diameter, with different angles for fixing the specimens.
For straight prosthetic abutments (0 degrees), the base
Hein et al



Table 1.Mean values ±standard deviation of detorque (Ncm) for
indexed and nonindexed implants with different angulations

Angulations

Groups t Test
Independent Samples
(Uppercase Letters)Indexed Nonindexed

Straight 8.63 ±2.40Ab 9.20 ±3.05Aa t=-0.35736
df=10
P=.728

17 degrees 6.55 ±1.02Aab 9.30 ±0.74Ba t=-5.327
df=10
P<.001

30 degrees 5.00 ±1.75Aa 8.45 ±1.04Ba t=-4.1418
df=10
P=.002

Mean ±standard
deviation

6.72 ±2.29 8.98 ±1.84 d

ANOVA and Tukey
(lowercase letters)

df=17
F=6.06
P=.012

df=17
F=0.354
P=.708

d

Different uppercase letters indicate significant differences between indexed and
nonindexed groups (P<.05). Different lowercase letters indicate significant differences
among angulations (P<.05).
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Figure 2. Linear representation of mean detorque values ±standard
deviation across conditions studied.
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between the long axis of the implant and the ground was
30 degrees. For prosthetic abutments with a 17-degree
angle, the base between the long axis of the implant
and the ground was 27 degrees. Finally, when the angle
was 30 degrees, the base between the long axis of the
implant and the ground was 40 degrees.

The specimens were adapted to the mechanical
cycling equipment (MSFM mastication electromechanical
chewing machine performed by Elquip) and received a
compressive load of 120 N at a 30-degree angle to the
long axis of the implant. The load applied represented the
average of occlusal and masticatory load in the region of
premolars and molars in humans.33 Approximately 6
months of masticatory function was simulated with
500 000 cycles per specimen and a frequency of 2 Hz.33,34

After mechanical cycling, all the assemblies were
inspected for permanent deformation. A digital torque
wrench was used to loosen the screws and measure and
tabulate the detorque values for statistical analyses.

Normal distribution of data was determined with the
Shapiro-Wilk test. One-way analysis of variance
(ANOVA) with the post hoc Tukey test was applied to
determine the differences among the indexed, non-
indexed, and abutment angulation groups. The Student t
test was also applied to assess significant differences
between the indexed and nonindexed groups, regardless
of angulation (a=.05). A statistical software program (R.
Commander; McMaster University) was used, and the
statistical methodology was reviewed by an independent
statistician.

RESULTS

The abutment screw became loose under mechanical
cycling in all the specimens (Table 1). The specimens
with indexed abutments presented mean detorque values
of 6.72 ±2.29 Ncm after mechanical cycling, whereas
Hein et al
those from the nonindexed group had values of 8.98
±1.84 Ncm. Therefore, considering an initial torque value
of 15 Ncm, only 44.8% of the torque was maintained in
the indexed group and 59.9% in the nonindexed group.
The detorque value was higher in the nonindexed groups
for all angulations studied (Table 1).

Regarding the indexed group, a decrease in detorque
value was observed under mechanical cycling, with the
lowest values recorded for abutments at 30-degree
angulation compared with the straight group (P<.05).
Also, regarding the indexed group, straight versus angled
abutments yielded a 24.1% reduction in torque for the
17-degree abutments and an 18.0% decrease for the 30-
degree abutments. These values depict a cumulative
torque loss of 42.1% from the straight abutments to those
angled at 30 degrees, representing a mean torque loss of
1.4% for every degree increased. As for the nonindexed
group, no significant differences in detorque values were
observed at the different angulations (P>.05) (Fig. 2).

DISCUSSION

The results of this study supported the research hypothesis
that screw loosening intensifies with increasing angulation
of the prosthetic abutment under mechanical cycling,
especially in indexed abutments. The most frequently re-
ported complication in implant-supported restorations,
especially for single-unit crowns, has been the loosening of
the fixation screw under masticatory loads.3 These compli-
cations are less commonwith tapered connection implants,
where load distribution occurs throughout the abutment-
implant interface because of the friction between the
implant walls and the prosthetic abutment.3,11-13,30

Tapered connection implants have been evaluated
for component retention by comparing solid 1-piece
abutments to those fixed by retention or with a
screw.14,15,30 The remaining torque value is important to
THE JOURNAL OF PROSTHETIC DENTISTRY
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maintain the preload and is therefore an important
factor for abutment retention and, consequently, resto-
ration longevity.16 In the present study, the influence of
abutment angulation was evaluated based on the torque
maintenance of 2-piece abutments (abutment and fixa-
tion screw) in tapered-connection implants under me-
chanical cycling.

In most implant systems, angled abutments are
secured by fixation screws. According to Coppedê et al,14

the locking torque value recommended by the implant
manufacturers for the screw should be less than half the
torque value used in solid abutment systems. The pros-
thetic abutments selected for the present study were able
to withstand only low values of initial torque because of a
fragile area within the screw from the weld between the
thread and the body of the screw.22

Another feature related to the internal, tapered
connection design of the screw was the possible influ-
ence of indexers in maintaining screw torque. Indexers
have been developed for tapered connection implants to
provide greater rotational stability to the connection and
allow repositioning of the abutment to its original posi-
tion after screw loosening.34 The indexers also provide a
vertical stop and reduce the effect of axial displacement of
the screw against dynamic loads, also known as the
settling effect. The outcome would be loss of preload
because of elastic elongation of the screw and conse-
quent loosening.23 The results of the stop effect were not
observed in the present study because the detorque
values obtained for the screws in the indexed abutments
were significantly lower (Student t test, P<.05) than the
respective values for the nonindexed group. When the
specimens were compared individually by using
the Tukey test, screw loosening was greater (P<.05) in the
30-degree abutments. The poor outcome observed for
the indexed group can be explained based on the find-
ings of Dailey et al24 who reported that when the abut-
ments are tightened to the implants in tapered
connection implants without indexers, an axial move-
ment of the abutment occurs toward the internal
chamber of the implant. This movement promotes
imbrication between the prosthetic abutment and the
implant surface, which produces frictional retention. This
is an important factor for maintenance of the
preload and, consequently, for preservation of the elastic
elongation values of the screw and reduction in micro-
movements of the abutment under cyclic loads. Micro-
movements can lead to loosening of the abutment
fixation screw2,12 in addition to loss of preload and
changes to the contact surfaces between the implant and
the abutment under cyclic loading.17,18

The initial torque applied to the fixation screw is
another factor involved in promoting and maintaining
the preload values and, consequently, the screw detorque
values. Increased torque values have been reported to
THE JOURNAL OF PROSTHETIC DENTISTRY
cause higher preload values, but load values above the
elastic limit of the screw lead to deformation and fracture
of the screws.16,25 Other factors in addition to the torque
value may be responsible for the quality of the preload.
These include the convergence of the internal walls of the
implants, the coefficient of friction between the internal
chamber and the screw threads and between the abut-
ment and the implant walls, the rigidity of the fitting
parts, the screw material, the screw head design, and the
internal abutment area between the prosthetic abutment
and the implant.7,23,26-28

Systems with smaller contact areas between the
abutment and the implant will have lower preload sta-
bility, thus requiring screws that support higher torque
values to maintain the preload.2 Considering that the
implant-abutment contact area has a great influence on
maintaining the preload value, the results of the present
study may have been influenced by the smaller contact
area of the indexed abutments evaluated (12.781 mm2)
than that of the nonindexed abutments (13.671 mm2)
according to the manufacturer. This 6.5% decrease in
contact area may have undermined the stability of the
implant-abutment assembly under cyclic loading.9

Additionally, the highest detorque values observed in
the nonindexed group versus the indexed groups seem to
be connected to higher abutment stability, lower micro-
movement, and, consequently, higher preload mainte-
nance under cyclic loading.

In some clinical situations, angled prosthetic abut-
ments will be required where the implant is not installed
in the ideal axial position.19,20 The effect of abutment
angulation on stability is unclear. Implant positioning
(angulation) has been reported to induce significant
stress on the implant, the abutment connection, and the
peri-implant bone.30,31 Therefore, the use of angled
prosthetic abutments should be avoided when possible,
even though their disadvantage may not be as great in
tapered connection implants. In this situation, a greater
area of closer contact occurs between the implant and the
prosthetic abutment, causing frictional retention between
the component and the inner wall of the implant.
Additionally, the torque from the fixation screw provides
improved mechanical stability, even when the force
applied to secure the abutment is lost.9 The present study
evaluated whether abutment angulation influenced
maintenance of the initial torque values applied to the
fixing screws in internal tapered connection abutments,
despite the improved mechanical stability offered by this
type of platform.

The 30-degree angulation used in the present study
has been previously used to test implants in vitro21,30,32

and is in accordance with the recommendations estab-
lished in the International Organization for Standardi-
zation (ISO) 14801:2016.35 This standard also specifies
that 500 000 cycles should be used per specimen to
Hein et al
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simulate approximately 6 months of masticatory function
at a load of 120 N and frequency of 2 Hz.

Although internal tapered connection systems offer
advantages regarding mechanical stability, represented
by a favorable balance of forces, increased angulation
may cause greater screw loosening.9 Thus, the higher
detorque values between the implant and abutment in
the nonindexed group maintained higher preload values.
This was demonstrated when evaluating the effects of
abutment angulation where a load increase caused by
increased abutment angulation did not bring about any
statistically significant changes to the detorque values of
the screws in the nonindexed group. This probably
occurred because of a sedimentation effect of the abut-
ment, whereas screw loosening in the indexed group
may have been caused by external functional forces
applied to the abutments. According to Xia et al,29 these
forces constitute one of the reasons for loss of preload
and consequent destabilization of the implant system.

Although this in vitro study was designed to simulate
a clinical situation, some limitations should be considered
in interpreting its results, including the complexity of the
oral cavity environment. The humidity of the oral cavity,
as well as thermal changes, combined with the masti-
catory function over time can contribute to screw loos-
ening. In this respect, further studies should be
performed to evaluate the influence of the abutment
inclination in the conditions of the oral cavity.

CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:

1. A decrease in detorque values in the indexed
abutments related to their inclination was found
under mechanical cycling.

2. Prosthetic abutments with 30 degrees of angulation
presented the lowest values, whereas no decrease
was found in the nonindexed abutments.
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