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Abstract

The present study compared three different implant and abutment sets of type Morse taper
(MT) connection, with- and without-index, were analyzed regarding their mechanical behav-
ior without and with cyclic load application simulating the masticatory function. Ninety
implant and abutment (IA) sets were used in the present study, divided into three groups (n
= 30 samples per group): Group A, Ideale solid straight abutment (one piece) without index;
Group B, Ideale abutment with an angle of 30-degree (two pieces) without index; Group C,
Ideale abutment with an angle of 30-degree (two pieces) with index. The abutment stability
quotient (ASQ) values, detorque value and rotation angle were measured before and after
the cycling load. Twenty A sets of each group were submitted to mechanical load at
360,000 cycles. The ASQ without load were 64.7 + 2.49 for the group A, 60.2 + 2.64 for the
group B, 54.4 + 3.27 for the group C; With load were 66.1 £ 5.20 for the group A, 58.5 +6.14
for the group B, 58.9 + 2.99 for the group C. Detorque values were lower in groups B and C
compared to group A (p < 0.05). In conclusion, the presence of the index did not influence
the stability values. However, solid straight abutments (group A) showed higher values of
stability compared to groups of angled abutments (groups B and C).

Introduction

Different interfaces between implant and abutment (IA) were developed with the aim of
achieving better performance and safety during masticatory loads, providing adequate clinical
longevity [1, 2]. Morse taper (MT) connections provide better adaptation between the IA sets,
decrease and/eliminating the spaces between them (gaps), reducing peri-implant bone resorp-
tion levels, and minimizing micromovements between IA sets [3, 4]. Also, loosening of sets is
less frequent in MT connections compared to other connection types [5, 6]. Conical connec-
tions have an internal design that, after installation of the abutment, promote the union
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between the surfaces (internal of the implant and external of the abutment), helping in the
mechanical properties and stability of the prosthetic abutment. Thus, increasing resistance to
separation forces by the coefficient of friction between pieces (implant and abutment) [7].
After the preload during the installation of the abutments, which is done by applying a torque
determined by the manufacturer, these sets should remain stable during the application of
masticatory loads. However, as described in previous studies [8], in most systems (IA sets)
there is accommodation of the parts during the application of loads that can change the initial
torque applied and, consequently, change the stability of the sets. In addition, non-tapered IA
sets (external and internal hexagon connections) may exhibit micromovements during the
application of forces [9].

Originally, the MT implant systems did not have any type of anti-rotational portion for
positioning the abutment, even in the case of angulated abutment, which determines that it is
positioned/torqued and is no longer removed. However, more recently, a fitting called a pros-
thetic index was inserted in this connection, being especially used in the case of single implants
in which the insertion of the prosthesis must be guided to a specific position that provides a
perfect fit. These indexed IA sets are secured by a through screw, facilitating correct position-
ing of the abutment during insertion [10]. However, it is not yet clear whether the presence of
the index can alter the mechanical resistance of the MT implant systems, due to the reduction
in the extension of the implant/abutment contact, or if it alters the friction between the pieces.
Furthermore, Zhang et al. [10] showed that indexed abutments create zones with stress accu-
mulation that can generate biomechanical complications.

On the other hand, other studies evaluated whether the inclusion of the index could affect
bacterial sealing and the resistance of the IA sets, since it results in a decrease in the contact
area in the conical portion of the implant/abutment. Based on methodologies for evaluating
bacterial microleakage and resistance to fracture, the authors observed that the presence of the
index did not compromise the performance of MT implants [8, 9, 11].

Resonance frequency analysis (RFA) was initially developed as a non-invasive method to
measure the stability of implants during their osseointegration [12]. However, with the avail-
ability of sensors for multi-unit abutments and the development of multifunctional abutments,
such as the Ideale abutment, the possibility of also measuring the stability of these abutments
using this method has emerged (RFA) [13]. On the other hand, the use of in vitro tests is
important because different samples (abutment designs) can be analyzed under the same con-
ditions, unlike clinical studies (patients) where in each situation there are several variables
involved [14]. Therefore, this type of test can bring relevant information to clinical practice,
providing professionals with confidence in its indication for rehabilitative treatments.

In the present in vitro study, three different IA sets of type MT connection, with- and with-
out-index, were analyzed regarding their mechanical behavior with and without the application
of cyclic loads simulating masticatory loads. For this, measurements were taken of the abutment
detorque (solid) and of the fixation screws (two-piece abutments), abutment stability and angle
of rotation of each type of abutment to reach the recommended torque. The main hypothesis
was that the presence of the index on the abutment could negatively influence the achievement
of stability between the IA sets. The second hypothesis was that the torque loss of the fixing
screw in two-piece abutments does not influence the maintenance of the IA sets union.

Materials and methods
Materials used

A total of ninety IA sets were used in the present study, which were divided into three groups
according to the design of each abutment used (n = 30 samples per group): Group A, where
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Implant Group A Group B Group C
Fig 1. Representative image of the implant and abutments used.

https://doi.org/10.1371/journal.pone.0298462.9001

Ideale solid straight abutment (one piece) without index were used; Group B, where Ideale
abutment with an angle of 30-degree with two pieces (fixation screw and abutment) without
index were used; Group C, where Ideale abutment with an angle of 30-degree with two pieces
(fixation screw and abutment) with index were used. All connection tested presented an angu-
lation of the IA sets at 11.5-degree. Ninety DuoCone implants used were tapered and had
dimensions of 4 mm in diameter and 11 mm in length. Fig 1 shows a representative image of
the abutments and the implant used. All materials (abutments and implants) used are manu-
factured and marketed by the company Implacil De Bortoli (Sao Paulo, Brazil).

All abutments of three groups were manufactured in titanium F67 grade IV and were anod-
ized after the machining. The mean value of roughness (Sa) provided by the manufacturer for
all abutments was 2.21 + 0.27 um. All Ideale abutments were produced for Morse taper con-
nection implants and present the same dimensions, as shown in Fig 2.

For the sample size calculation, the software SigmaStat 4.0 (Systat Software Inc, San Jose,
USA) was used, and a power level of 85% was considered to obtain a P value of 0.05. For a
desired power level of 85% with differences between each group’s means and standard devia-
tions, the minimum sample size for each group under each condition was 8 sets (implant and
abutment). Thus, we used 10 sets for each group and condition.

Samples preparation

Initially, nine rectangular blocks were made in epoxy resin (G4, Polipox, Sao Paulo, Brazil)
with dimensions of 40 x 40 x 150 mm (Fig 3A). These blocks were taken to an angle saw and
an angled cut of 30 + 2 degrees was made on two edges of each block (Fig 3B). Then, the perfo-
rations were made using the drill sequence indicated by the manufacturer on drilling equip-
ment with the base-table angled at 30 degrees, obtaining the desired inclination for the
implants (Fig 3C). Finally, all DuoCone implants were manually inserted into the blocks up to
the platform level (Fig 3D and 3E) and, the abutments were screwed and torqued. The angled
positioning of the implants followed the recommendation of the ISO 14801:2015 standard
[15], which considers this angle to be the most clinically critical.
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Fig 2. Image demonstrating the dimensions in the main parts of the abutment.
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Fig 3. (a) Image of the block made to support the IA sets during the test; (b) the arrows indicating the cutting of the
two edges in each block with an angle of 30 + 2 degrees; (c) representative image of the drilling moment with the base-
table angled at 30 degrees to obtain the desired inclination of the implant; (d) arrow indicating the implant installation
driver and its inclination; (e) arrow showing the implant positioned inside the block at the level of its platform.

https://doi.org/10.1371/journal.pone.0298462.g003

A metallic hemisphere was prefabricated for each abutment and positioned on them to
receive the loads applied during the test, to avoid damaging the abutment. These details follow
the standard ISO 14801:2015 [15]. Fig 4 shows the positioning of the implants in the blocks
and the direction of the loads applied to the samples of the three groups.

The abutments were installed in each implant and were torqued in accordance with the
manufacturer’s recommendations: group A = 30 Ncm, group B and C = 20 Ncm. Torque was
applied using computerized torquemeter equipment model CME-30Nm (Técnica Industrial
Oswaldo Filizola Ltda, Sdo Paulo, Brazil) with a speed of 3 mm/min, with an angular measure-
ment with resolution of 0.002-degree. Ten minutes after the first torque, all samples were
retorqued [16]. The angle of rotation during the application of the second torque (retorque)
and the retorque in 10 samples of each group after the mechanical load application was
recorded for analysis and comparison between groups.

Mechanical load cycles

Twenty samples of each group were submitted to the mechanical load cycles with an applica-
tion of 360,000 cycles with a controlled non-axial force of 150 N at 4 Hz of frequency using a
mechanical machine (Biocycle V2, BioPDI, Sao Carlos, Brazil), following previous studies pub-
lished [4, 17]. The samples stayed immersed in water with a controlled temperature at

37 + 2°C during the load cycles application.
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Fig 4. Schematic image to show the positioning of the implants in the blocks and the direction of the loads
applied to the samples of the three groups.

https://doi.org/10.1371/journal.pone.0298462.9004

Stability measurement

One of the main features of the Ideale abutment is the ability to receive both screw-retained
and cemented crowns, as it has an internal thread on the upper part like a multi-unit abut-
ment, which makes it possible to use this sensor to measure stability [13, 18]. Then, after com-
pletion of cyclic loading, all loaded and unloaded specimens were evaluated for abutment
stability using the Osstell Mentor device (Integration Diagnostics AB, Goteborg, Sweden). For
this, the magnetic sensor type 25 (Smartpeg, Integration Diagnostics AB, G6teborg, Sweden)
was screwed onto each abutment and the abutment stability quotient (ASQ) was measured in
two different directions (Fig 5).

Detorque measurements

After stability measurements, all samples of each group were subjected to abutment detorque
in group A and abutment fixation screws in groups B and C, using the computerized torque-
meter equipment model CME-30Nm (Técnica Industrial Oswaldo Filizola Ltda, Sao Paulo,
Brazil), the same equipment used for applying torque. The maximum value obtained was
recorded and used for comparisons between groups. Due to the difference in applied torque
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Abutment
—

Implant

Fig 5. Representative image of the A set, and the magnetic sensor installed (a). ASQ measurement in the frontal
direction (b) and in lateral direction (c).

https://doi.org/10.1371/journal.pone.0298462.9005

values, as recommended by the manufacturer, for each group the difference between the
applied value and the maximum value obtained in detorque was calculated, and these values
were used for evaluations and comparisons between groups.

Statistical analysis

Data collected in each test were statistically compared using the Bonferroni’s multiple compar-
ison test to detect possible differences between groups, always considering p < 0.05 as statisti-
cally significant. All analyzes were performed using GraphPad Prism 5.01 software (GraphPad
Software Inc., San Diego, USA). Possible correlations between abutment stability and abut-
ment detorque values were tested using the Pearson correlation test.

Results
Abutment stability results

With the purpose of increasing the security of the stability values measured on the abutments,
the stability of all implants inserted in resin blocks were measured before the abutments instal-
lation and resulted in a high value in all samples (ISQ = 85 + 0.9). The mean and standard devi-
ation of ASQ values obtained for the groups without load application were: 64.7 + 2.49 for the
group A, 60.2 + 2.64 for the group B, 54.4 + 3.27 for the group C. While, in the samples that
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Fig 6. Box plot graphs shows the data values obtained for the abutment stability quotient (ASQ) at the three groups without- and

with-load.

https://doi.org/10.1371/journal.pone.0298462.9006

received loads, the values obtained were as follows: 66.1 + 5.20 for the group A, 58.5 + 6.14 for
the group B, 58.9 * 2.99 for the group C. These data distribution is presented in the graph of
Fig 6. The statistical comparison intragroup only shows difference for the group C

(p < 0.0001). Table 1 shows the statistical comparison intergroups using the Bonferroni’s mul-
tiple comparison test.

Detorque results

The detorque values obtained of all group samples without the load application, presented val-
ues below the initial torque value, and group A presented a mayor loss of torque (- 19.7%)
compared to group B (- 12%) and group C (- 9.5%). However, after applying the loads, the
group A presented a detorque value superior at the initial torque (+ 24.7%), while group B (-
33%) and group C (- 64%) had values far below the initial torque. Fig 7 graphically presents
the distribution of the data obtained after calculating the difference between the applied torque
and the obtained detorque value, without and with load application.

In the intragroup statistical analysis, all groups showed statistical differences (p < 0.0001).
The statistical analysis between groups is presented in Table 2.

Table 1. Statistical comparison intergroups using the Bonferroni’s multiple comparison test.

Groups comparison Mean Diff.

AvsB 4.550
AvsC 10.35
BvsC 5.800

Diff. = difference; CI = confidence interval

* = statistically different.

https://doi.org/10.1371/journal.pone.0298462.t001

Without load With load
P-value 95% CI of diff Mean Diff. P-value 95% CI of diff
< 0.0001* 2.350 to 6.750 7.650 0.0002* 3.783 to 11.52
< 0.0001* 8.150 to 12.55 7.200 < 0.0001* 3.333t0 11.07
< 0.0001* 3.600 to 8.000 -0.450 0.9240 -4.317 to 3.417
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Fig 7. Bar graphs showing the distribution of data obtained after calculating the difference between the applied
torque and the obtained torque value, with and without load application.

https://doi.org/10.1371/journal.pone.0298462.g007

Angle results

The angle rotation values obtained in the retorque (10 minutes after the first torque) of all
group samples, without load application, shows a superior value to the group A (24.1 + 3.04
degrees) in comparison to the group B (24.1 + 3.04 degrees) and group C (18.1 + 2.31 degrees).
However, after applying the loads, the samples of group A did not show rotation, while group
B shows 34.9 + 3.11 degrees and group C 30 + 3.84 degrees. Fig 8 graphically presents the dis-
tribution of the angle rotation obtained in each group, without and with load application.
Table 3 shows the statistical comparison intergroups using the Bonferroni’s multiple compari-
son test.

Correlation analysis

No correlation was detected between the ASQ values and abutment detorque values, ASQ val-
ues and rotation angle values, in both conditions tested. However, between in detorque values
and rotation angle values a strong correlation was detected (r = 0.8453).

Discussion

Constant design modifications have been proposed to improve the long-term biomechanical
behavior of implant systems used for the rehabilitation of missing teeth. As they are parts of
relatively small dimensions, but that receive relatively large and constant efforts (loads), they
need high precision and stability between their components to adequately support this

Table 2. Statistical comparison intergroups using the Bonferroni’s multiple comparison test for the detorque values.

Groups comparison Mean Diff.

AvsB -3.500
AvsC -3.950
BvsC -0.450

Diff. = difference; CI = confidence interval
* = statistically different.

https://doi.org/10.1371/journal.pone.0298462.t002

Without load With load
P-value 95% CI of diff Mean Diff. P-value 95% CI of diff
0.0113* -6.239 to -0.761 19.53 < 0.0001* 17.01 to 22.05
0.0091* -6.689 to -1.211 14.05 < 0.0001* 11.53 to 16.57
0.7045 -3.189 to 2.289 -5.480 < 0.0001* -8.002 to -2.958
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Fig 8. Bar graphs presenting the data distribution of the angle rotation obtained in each group, without and with
load application.
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condition. The results obtained in the present study showed a similar stability pattern (ASQ)
for both groups of abutments with and without index (B and C groups), in the two conditions
tested (with and without application of loads). However, the abutments in group A showed sta-
bility values (ASQ) superior to those in groups B and C in both tested conditions (with and
without application of loads). Thus, based on the results, the initial hypothesis that the pres-
ence of the index negatively influences stability between IA sets might be rejected. The data
suggests that the index may not have the expected detrimental effect. Moreover, the second
hypothesis that the torque loss of the fixing screw in two-piece abutments does not influence
the maintenance of the IA sets union was confirmed.

The presence of micromovements between the parts (implant and abutment) can generate
changes in the contact surfaces (interfaces), as well as in the abutment fixation screw [19]. This
factor can cause loss of preload, resulting in reduction of contact forces between the abutment
cylinder and the implant body and, consequently, loosening of the fixation screw [20]. In addi-
tion, the existing micromovements in the Al sets allow the passage of bacteria and their gener-
ated fluids, which can cause inflammation of different intensities in the peri-implant tissues
[21]. Due to the importance of this, our study sought to evaluate the stability of abutments
with Morse taper connection with different designs, as there were no similar publications in
the literature so far. The Ideale multifunctional abutment used in our study, which allows the
creation of cemented and/or screw-retained crowns [13], made it possible to obtain stability
measurements without removing the abutment from its position.

Obtaining abutment micromovement values was only possible in tests performed in vitro
using 3D microtomography images or radiographic images [5, 22, 23]. In addition, other in

Table 3. Statistical comparison intergroups using the Bonferroni’s multiple comparison test for the angle rotation values.

Groups comparison

AvsB
AvsC
BvsC

Diff. = difference; CI = confidence interval
* = statistically different.

https://doi.org/10.1371/journal.pone.0298462.t003

Without load With load
P-value 95% CI of diff Mean Diff. P-value 95% CI of diff
0.0203* 0.6887 to 10.75 -34.76 0.0002* -38.02 to -31.50
0.0230* 0.02871 to 10.09 -29.93 0.0002* -33.19 to -26.67
0.5957 -5.691 to 4.371 4.830 0.0057* 1.573 to 8.087
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vitro techniques were used to analyze the interface between the implant and the abutment,
most of them using scanning electron microscopy and destroying the samples through the
cuts made for these evaluations [15, 16, 24]. Since the creation of non-invasive methods for
measuring the stability of implants through resonance frequency analysis (RFA), new possibili-
ties for determining the degree of osseointegration have been introduced into clinical practice
[25, 26]. More recently, with the elaboration of a sensor that adapts to the thread system of
transmucosal abutments, and with the appearance of the Ideale multifunctional abutments,
which allow the screwing of this sensor, it became possible to measure the stability through
this method (RFA) of the abutments. Other authors used this method to assess, for example,
whether the height of the abutment could influence the stability values, and the results showed
that the values may vary with the increase in the abutment height [27]. However, other studies
have shown that varying the height of the abutments does not change the values measured by
Osstell [28, 29]. In our study, abutments of similar heights were used, with a difference of 1
mm between the abutments in group A and the abutments in groups B and C. However, when
straight abutments were compared with angled abutments, angled abutments had lower stabil-
ity values measured by RFA [27], corroborating our results. On the other hand, when we com-
pare the results obtained in this study with the results recently published by our research
group, we observe a proximity in the measured stability values after the application of cyclic
loads [18].

The friction in the conical connections is responsible for the stability of the abutments. In
this way, other authors sought to assess whether the presence of an index on the implant could
change the friction values between the abutment and the implant, as the index reduces the
extent of contact between the parts, and the results of this study showed that there was no
reduction in friction on the tested IA sets [30]. In our study, all implants used had an index,
and the intention was to assess whether the presence of an index on the abutment could have a
negative effect on the stability of the abutments. Our results showed that there was no differ-
ence in measured stability values between indexed and non-indexed abutments (groups B and
C). Interestingly, the study found that the abutments in group A exhibited higher stability val-
ues (ASQ) compared to groups B and C. This difference in stability was consistent across both
tested conditions (with and without load application). Group A seems to have shown the best
performance in terms of stability among the three groups.

Regarding the abutment detorque in group A, similar results were obtained in previous
studies before and after application of loads [15]. However, in this previous study, it is impor-
tant to point out that implants without an index were used, which corroborates the findings
cited by Michelon and collaborators [30], that the presence of an index in the implants does
not alter the friction values of this type of solid straight abutment. While, in the evaluation of
the detorque of the fixation screws of groups B and C, both showed values below the initial tor-
que applied: without the application of loads, the value of torque loss was small, unlike the val-
ues obtained after the application of loads, which shows a bigger torque loss. However, as there
was an increase in the measured values of stability (ASQ), we can conclude that the fixation
screw, in this type of conical connection, does not participate as a union element between the
IA sets, corroborating previous findings published by other authors [31].

The retorque angle measured in all unloaded samples of all groups showed the need for
retorque after the first torque, corroborating the recommendations of Breeding et al. [32]. In
the samples that received cyclic loads, we observed that in group A the angle of rotation was
practically zero in all samples, coinciding with the fact that the torque of the abutments was
above the initial value applied (> 30 Ncm). However, in the samples from groups B and C, the
rotation angle was much higher, also coinciding with the fact that the abutment fixation screws
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lost a significant amount of their initial torque value (< 20 Ncm). The screw rotation angle
showed a strong correlation with the obtained detorque values.

Finally, it's important to consider any limitations of the study that might affect the gener-
alizability of the results. For instance, the sample size, the specific conditions of the test, or
other factors could impact the robustness of the findings. The study doesn’t delve into the rea-
sons behind the varying stability among the groups. Factors like design, material, or other
characteristics of the abutments might contribute to these differences. Future research could
explore these aspects to better understand what’s driving the observed variations in stability.

Conclusions

Within the limitations of this in vitro evaluation, it might be concluded that the presence of a
positioning index does not influence the biomechanical stability. However, solid straight abut-
ments (group A) showed higher values of stability compared to groups of angled two-piece
abutments (groups B and C). Furthermore, based on the detorque and rotation angle values of
the fixation screw in the two-piece abutments, we can conclude that the abutment stability is
independent of the fixation screw in this conical connection tested.

Author Contributions

Conceptualization: Guillermo Castro Cortellari, Eleani Maria da Costa, Nilton De Bortoli
Junior, Sergio Alexandre Gehrke.

Data curation: Valentina Paz Goyeneche, Piedad N. De Aza, Antonio Scarano, Sergio Alex-
andre Gehrke.

Investigation: Valentina Paz Goyeneche, Fernando Rodriguez, Nilton De Bortoli Junior, Ser-
gio Alexandre Gehrke.

Methodology: Valentina Paz Goyeneche, Guillermo Castro Cortellari, Fernando Rodriguez,
Piedad N. De Aza, Eleani Maria da Costa, Nilton De Bortoli Junior, Sergio Alexandre
Gehrke.

Software: Antonio Scarano, Sergio Alexandre Gehrke.

Supervision: Guillermo Castro Cortellari, Eleani Maria da Costa.
Validation: Piedad N. De Aza.

Writing - original draft: Antonio Scarano, Sergio Alexandre Gehrke.

Writing - review & editing: Sergio Alexandre Gehrke.

References

1. Choi S, Kang YS, Yeo I-SL. Influence of Implant-Abutment Connection Biomechanics on Biological
Response: A Literature Review on Interfaces between Implants and Abutments of Titanium and Zirco-
nia. Prosthesis. 2023; 5(2):527-538.

2. Bajoghli F, Sabouhi M, Pourali M, Davoudi A. Stability of implant-abutment connection in three different
systems after fatigue test. J Indian Prosthodont Soc. 2022; 22(4):338-342. https://doi.org/10.4103/jips.
jips_247_21 PMID: 36511067

3. DaSilvaJM, Sobral BS, Cabral CT, Souza CMS, Fonseca RRS, Ramacciato JC. Evaluation of tensile
strength after insertions and removals of abutments on frictional Morse taper implants. Int J Odontosto-
matol. 2021; 15(2):356-362.

4. Gehrke SA, Pereira Fde A. Changes in the abutment-implant interface in Morse taper implant connec-
tions after mechanical cycling: a pilot study. Int J Oral Maxillofac Implants. 2014; 29(4):791-7. https://
doi.org/10.11607/jomi.3113 PMID: 25032758

PLOS ONE | https://doi.org/10.1371/journal.pone.0298462 March 8, 2024 12/14


https://doi.org/10.4103/jips.jips%5F247%5F21
https://doi.org/10.4103/jips.jips%5F247%5F21
http://www.ncbi.nlm.nih.gov/pubmed/36511067
https://doi.org/10.11607/jomi.3113
https://doi.org/10.11607/jomi.3113
http://www.ncbi.nlm.nih.gov/pubmed/25032758
https://doi.org/10.1371/journal.pone.0298462

PLOS ONE

Index in Morse taper connection and abutment stabilit

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

Zipprich H, Weigl P, Ratka C, Lange B, Lauer HC. The micromechanical behavior of implant-abutment
connections under a dynamic load protocol. Clin Implant Dent Relat Res. 2018; 20(5):814-823. https://
doi.org/10.1111/cid.12651 PMID: 30039915

Yang F, Ruan, LiuY, ChenJ, ChenY, Zhang W, et al. Abutment mechanical complications of a
Morse taper connection implant system: A 1- to 9-year retrospective study. Clin Implant Dent Relat Res.
2022; 24(5):683-695. https://doi.org/10.1111/cid.13115 PMID: 35791805

Yao KT, Kao HC, Cheng CK, Fang HW, Huang CH, Hsu ML. Mechanical performance of conical
implant-abutment connections under different cyclic loading conditions. J Mech Behav Biomed Mater.
2019; 90:426—432. https://doi.org/10.1016/j.jmbbm.2018.10.039 PMID: 30445369

Bella APGSN Tuzita AS, Suffredini IB Kojima AN, Giovani EM Mesquita AMM. Bacterial infiltration and
detorque at the implant abutment morse taper interface after masticatory simulation. Sci Rep. 2022; 12
(1):17108. https://doi.org/10.1038/s41598-022-20915-z PMID: 36224228

Zancopé K, Dias Resende CC, Castro CG, Salatti RC, Domingues das Neves F. Influence of the Pros-
thetic Index on Fracture Resistance of Morse Taper Dental Implants. Int J Oral Maxillofac Implants.
2017; 32(6):1333-1337. https://doi.org/10.11607/jomi.4658 PMID: 29140377

Zhang WT, Cheng KJ, Liu YF, Wang R, Chen YF, Ding YD, et al. Effect of the prosthetic index on stress
distribution in Morse taper connection implant system and peri-implant bone: a 3D finite element analy-
sis. BMC Oral Health. 2022; 22(1):431. https://doi.org/10.1186/s12903-022-02465-y PMID: 36180871

Resende CC, Castro CG, Pereira LM, Prudente MS, Zancopé K, Davi LR, et al. Influence of the Pros-
thetic Index Into Morse Taper Implants on Bacterial Microleakage. Implant Dent. 2015; 24(5):547-51.
https://doi.org/10.1097/ID.0000000000000284 PMID: 26068320

Bafijari D, Benedetti A, Stamatoski A, Baftijari F, Susak Z, Veljanovski D. Influence of Resonance Fre-
quency Analysis (RFA) Measurements for Successful Osseointegration of Dental Implants During the
Healing Period and Its Impact on Implant Assessed by Osstell Mentor Device. Open Access Maced J
Med Sci. 2019; 7(23):4110-4115. https://doi.org/10.3889/0amjms.2019.716 PMID: 32165961

Gehrke SA, Dedavid BA, de Oliveira Fernandes GV. A new design of a multifunctional abutment to
morse taper implant connection: Experimental mechanical analysis. J Mech Behav Biomed Mater.
2021; 116:104347. https://doi.org/10.1016/j.jmbbm.2021.104347 PMID: 33513461

Garcia-Gonzélez M, Blason-Gonzalez S, Garcia-Garcia |, Lamela-Rey MJ, Fernandez-Canteli A, Alva-
rez-Arenal A. Optimized Planning and Evaluation of Dental Implant Fatigue Testing: A Specific Software
Application. Biology (Basel). 2020; 9(11):372. https://doi.org/10.3390/biology9110372 PMID: 33142807

International Organization for Standardization 1ISO. Dentistry- Implants—Dynamic Fatigue Test for
Endosseous Dental Implants. The Organization, Geneva, 2015.

Gehrke SA, Delgado-Ruiz RA, Prados Frutos JC, Prados-Privado M, Dedavid BA, Granero Marin JM,
et al. Misfit of Three Different Implant-Abutment Connections Before and After Cyclic Load Application:
An In Vitro Study. Int J Oral Maxillofac Implants. 2017; 32(4):822—829. https://doi.org/10.11607/jomi.
5629 PMID: 28708914

Gehrke SA, De Carvalho Serra R. Load fatigue performance of conical implant-abutment connection:
effect of torque level and interface junction. Minerva Stomatol. 2015; 64(1):1-7. PMID: 25660589

Gehrke SA, Cortellari GC, De Aza PN, Cavalcanti de Lima JH, Prados Frutos JC. Biomechanical evalu-
ation of abutment stability in morse taper implant connections in different times: A retrospective clinical
study compared with an in vitro analysis. Heliyon. 2023; 9(4):e15312. https://doi.org/10.1016/j.heliyon.
2023.e15312 PMID: 37151670

Asmarz HY, Magrin GL, Prado AM, Passoni BB, Magalh&es Benfatti CA. Evaluation of Removal Torque
and Internal Surface Alterations in Frictional Morse Taper Connections After Mechanical Loading Asso-
ciated or Not with Oral Biofilm. Int J Oral Maxillofac Implants. 2021; 36(3):492-501. https://doi.org/10.
11607/jomi.8483 PMID: 34115063

Kofron MD, Carstens M, Fu C, Wen HB. In vitro assessment of connection strength and stability of inter-
nal implant-abutment connections. Clin Biomech (Bristol, Avon). 2019; 65:92-99. https://doi.org/10.
1016/j.clinbiomech.2019.03.007 PMID: 31005695

Liu'Y, Wang J. Influences of microgap and micromotion of implant-abutment interface on marginal bone
loss around implant neck. Arch Oral Biol. 2017; 83:153—-160. https://doi.org/10.1016/j.archoralbio.2017.
07.022 PMID: 28780384

Gehrke SA, Dedavid BA, Marin JMG, Canullo L. Behavior of implant and abutment sets of three differ-
ent connections during the non-axial load application: An in vitro experimental study using a radio-
graphic method. Biomed Mater Eng. 2022; 33(2):101-112. https://doi.org/10.3233/BME-211221 PMID:
34511480

Scarano A, Valbonetti L, Degidi M, Pecci R, Piattelli A, de Oliveira PS, et al. Implant-abutment contact
surfaces and microgap measurements of different implant connections under 3-dimensional X-Ray

PLOS ONE | https://doi.org/10.1371/journal.pone.0298462 March 8, 2024 13/14


https://doi.org/10.1111/cid.12651
https://doi.org/10.1111/cid.12651
http://www.ncbi.nlm.nih.gov/pubmed/30039915
https://doi.org/10.1111/cid.13115
http://www.ncbi.nlm.nih.gov/pubmed/35791805
https://doi.org/10.1016/j.jmbbm.2018.10.039
http://www.ncbi.nlm.nih.gov/pubmed/30445369
https://doi.org/10.1038/s41598-022-20915-z
http://www.ncbi.nlm.nih.gov/pubmed/36224228
https://doi.org/10.11607/jomi.4658
http://www.ncbi.nlm.nih.gov/pubmed/29140377
https://doi.org/10.1186/s12903-022-02465-y
http://www.ncbi.nlm.nih.gov/pubmed/36180871
https://doi.org/10.1097/ID.0000000000000284
http://www.ncbi.nlm.nih.gov/pubmed/26068320
https://doi.org/10.3889/oamjms.2019.716
http://www.ncbi.nlm.nih.gov/pubmed/32165961
https://doi.org/10.1016/j.jmbbm.2021.104347
http://www.ncbi.nlm.nih.gov/pubmed/33513461
https://doi.org/10.3390/biology9110372
http://www.ncbi.nlm.nih.gov/pubmed/33142807
https://doi.org/10.11607/jomi.5629
https://doi.org/10.11607/jomi.5629
http://www.ncbi.nlm.nih.gov/pubmed/28708914
http://www.ncbi.nlm.nih.gov/pubmed/25660589
https://doi.org/10.1016/j.heliyon.2023.e15312
https://doi.org/10.1016/j.heliyon.2023.e15312
http://www.ncbi.nlm.nih.gov/pubmed/37151670
https://doi.org/10.11607/jomi.8483
https://doi.org/10.11607/jomi.8483
http://www.ncbi.nlm.nih.gov/pubmed/34115063
https://doi.org/10.1016/j.clinbiomech.2019.03.007
https://doi.org/10.1016/j.clinbiomech.2019.03.007
http://www.ncbi.nlm.nih.gov/pubmed/31005695
https://doi.org/10.1016/j.archoralbio.2017.07.022
https://doi.org/10.1016/j.archoralbio.2017.07.022
http://www.ncbi.nlm.nih.gov/pubmed/28780384
https://doi.org/10.3233/BME-211221
http://www.ncbi.nlm.nih.gov/pubmed/34511480
https://doi.org/10.1371/journal.pone.0298462

PLOS ONE

Index in Morse taper connection and abutment stabilit

24,

25.

26.

27.

28.

29.

30.

31.

32.

microtomography. Implant Dent. 2016; 25(5):656—62. https://doi.org/10.1097/1D.0000000000000465
PMID: 27551879

Gehrke SA, Shibli JA, Aramburt JS Jr, Sanchez de Val JEM, Calvo-Girardo JL, Dedavid BA. Effects of
different torque levels on the implant-abutment interface in a conical internal connection. Braz Oral Res.
2016; 30(1):e40.

Gupta G. Implant Stability Quotient (ISQ): A Reliable Guide for Implant Treatment. In: Gabri¢ D, Vuleti¢
M, editors. Current Concepts in Dental Implantology—From Science to Clinical Research [Internet].
London: IntechOpen; 2022 [cited 2022 Oct 20]. Available from: https://www.intechopen.com/chapters/
79724 doi: 10.5772/intechopen.101359

Schlesinger CD. RFA and Its Use in Implant Dentistry. In: Gabri¢ D, Vuleti¢ M, editors. Current Con-
cepts in Dental Implantology—From Science to Clinical Research [Internet]. London: IntechOpen;
2022 [cited 2022 Oct 20]. Available from: https://www.intechopen.com/chapters/77842 https://doi.org/
10.5772/intechopen.99054

Lépez-Jarana P, Diaz-Castro CM, Falcdo A, Rios-Carrasco B, Fernandez-Palacin A, Rios-Santos JV,
etal. Is It Possible to Monitor Implant Stability on a Prosthetic Abutment? An In Vitro Resonance Fre-
quency Analysis. Int J Environ Res Public Health. 2020; 17(11):4073.

Guerrero-Gonzalez M, Monticelli F, Saura Garcia-Martin D, Herrero-Climent M, Rios-Carrasco B,
Rios-Santos JV, et al. Reliability of the Resonance Frequency Analysis Values in New Prototype Trans-
epithelial Abutments: A Prospective Clinical Study. Int J Environ Res Public Health. 2020; 17(18):6733.
https://doi.org/10.3390/ijerph17186733 PMID: 32947802

Herrero-Climent M, Castro C, Chereguini C, Costa C, Gil FJ, Santos J. Resonance frequency analysis
by the Osstell system, using the transducer screwed to different healings abutments. Rev Port Estoma-
tol Med Dent Cir Maxilofac. 2017, 58, 91-96.

Michelon M, Milanos E, Lourenco EV, Telles DM. Do Oblique Cyclic Loads Influence the Tensile
Strength of Different Morse Taper Connection Abutments? Int J Oral Maxillofac Implants. 2019; 34
(5):1047-1052. https://doi.org/10.11607/jomi.7506 PMID: 31528860

Pintinha M, Camarini ET, Sabio S, Pereira JR. Effect of mechanical loading on the removal torque of dif-
ferent types of tapered connection abutments for dental implants. J Prosthet Dent. 2013; 110(5):383-8.
https://doi.org/10.1016/j.prosdent.2013.06.007 PMID: 24070863

Breeding LC, Dixon DL, Nelson EW, Tietge JD. Torque required to loosen single-tooth implant abut-
ment screws before and after simulated function. Int J Prosthodont. 1993; 6(5):435—-439. PMID:
8297452

PLOS ONE | https://doi.org/10.1371/journal.pone.0298462 March 8, 2024 14/14


https://doi.org/10.1097/ID.0000000000000465
http://www.ncbi.nlm.nih.gov/pubmed/27551879
https://www.intechopen.com/chapters/79724
https://www.intechopen.com/chapters/79724
https://www.intechopen.com/chapters/77842
https://doi.org/10.5772/intechopen.99054
https://doi.org/10.5772/intechopen.99054
https://doi.org/10.3390/ijerph17186733
http://www.ncbi.nlm.nih.gov/pubmed/32947802
https://doi.org/10.11607/jomi.7506
http://www.ncbi.nlm.nih.gov/pubmed/31528860
https://doi.org/10.1016/j.prosdent.2013.06.007
http://www.ncbi.nlm.nih.gov/pubmed/24070863
http://www.ncbi.nlm.nih.gov/pubmed/8297452
https://doi.org/10.1371/journal.pone.0298462

