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Abstract

analyzed using ANOVA and Tukey's HSD test.

did not change significantly until 2,000,000 cycles.

Background: Despite the high survival rate of dental implants, screw loosening is frequently reported. Screw
loosening can cause a misfit of the implant-abutment connection leading to peri-implantitis or abutment screw
fracture. Therefore, studies about related factors and mechanism of screw loosening are needed. The aim of this
study was to evaluate the decreasing pattern of removal torque values (RTVs) of a combined cone and octalobule
index implant-abutment connection under different numbers of mechanical loading cycles.

Materials and methods: The study was performed in accordance with I1SO 14801:2007. Eighty-four implants with
the combined cone and octalobule index implant-abutment connection (PW Plus dental implant system, PW Plus
Company) were used. All abutment screws were tightened 30 N cm twice with a 10-min interval. The control group
was without cyclic loading and the experimental groups underwent different numbers of loading cycles until
2,000,000 cycles. Then, the abutment screws of all samples were untightened to measure the RTVs. The data were

Results: The RTVs of the control group decreased 7.78% compared to the insertion torque. All experimental groups
from 50,000 to 2,000,000 cycles showed significant decreases in RTVs compared to the control group (P < 0.05). RTVs
in the group of 50,000 cycles to 1,800,000 cycles did not change significantly, but there was a significant reduction
of RTVs in the group of 2,000,000 cycles when compared to the group of 50,000 cycles (P < 0.05).

Conclusions: According to the setting condition for the fatigue test complied to ISO 14801:2007, the RTVs of the
combined cone and octalobule index implant-abutment connection reduced significantly after 50,000 cycles and

Keywords: Abutment screw, Removal torque, Octatorx, Cyclic loading, I1SO 14801

Background

Dental implant placement has shown high survival and
success rates [1, 2]. According to one study, the overall
5-year prosthetic survival rate for implant treatment has
increased from 93.5 to 97.1% during the past 10 years
[1]. Despite the high survival rate of implants, technical
complications, such as screw loosening, are frequently
reported [1-3]. The 5-year complication rate for screw
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loosening in studies after the year 2000 is 8.7%. Screw
loosening can cause a misfit of the implant-abutment
connection [4] which may lead to a gap, increasing bac-
terial accumulation, and possible peri-implant tissue in-
flammation. Moreover, using an implant prosthesis with
a loose screw can result in abutment screw fracture [5].
One of the key factors in the success of dental implant
treatment is the implant-abutment connection [6]. One
such connection is the internal cone connection which
has been reported to improve the biomechanical proper-
ties of implant-abutment assemblies [7]. If the contact-
ing angle of the cone connection is 2° to 8, the
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connection is called a Morse taper connection [8]. The
Octatorx-cone connection is a combination of a Morse
taper connection with a 6° tapered angle and star-shaped
“octalobules” indices with eight rounded points [9]
(Fig. 1). This Octatorx-cone connection provides an
anti-rotational characteristic and surface frictional resist-
ance at the implant-abutment interface, which may pre-
vent micromovement and screw loosening during
function.

The stability of the implant-abutment connection
comes from both the screw function and the frictional
resistance between the conical, contacting metallic sur-
faces of the connection [10]. An abutment screw pro-
vides stability via a clamping force [11, 12]. When
rotational torque is applied to the screw, the screw elon-
gates and causes stress on the stem and threads. After
that, elastic recovery of the screw occurs, the stem and
threads of the screw are in tension and a clamping force
is created, pulling the abutment and the implant to-
gether. This clamping force is parallel to the axis of the
implant and is also known as preload. The preload value
is directly proportional to screw elongation. The more
screw elongation remains after elastic recovery, the
greater is the preload value.

The occlusal force does not load only on the screw.
The internal conical connection interface also helps to
transfer and distribute the loading force to the implant
[13]. The axial compressive component of occlusal force
during oral function causes axial displacement of the
abutment to the implant connection, increasing the fric-
tional resistance and screw joint stability of the dental
implant [7, 8]. Three factors that may lead to the axial
displacement of the implant-abutment connection are
machining tolerance, the wedge effect, and the settling
effect. Firstly, machining tolerance is a dimensional vari-
ation characteristic of machined components. The
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precision of every implant component varies during
manufacturing due to machining tolerance [14]. Sec-
ondly, the wedge effect occurs when tightening torque
or loading force is applied to the abutment [15]. The
abutment acts as a wedge transferring the axial force dir-
ectly to the implant. Lastly, the settling effect occurs
when rough spots on the contacting surfaces of the con-
nection are flattened under load [16]. It causes the two
surfaces to come closer together and leads to axial dis-
placement. This axial displacement causes the length of
the abutment screw to shorten, diminishing the screw
preload [17]. The settling effect is the main cause of
screw loosening. When the abutment is fastened to the
implant body with the abutment screw, a settling
phenomenon occurs in which the implant body and the
abutment are deformed. Even if fastened at 30 N cm, de-
pending on the implant system, the loosening torque be-
comes smaller than the 7 to 10% fastening torque. After
5min from this point, it is necessary to loosen it twice
[18]. The degree of settling depends on the surface
roughness, surface hardness, and magnitude of the tight-
ening torque and of the occlusal loading force [16]. On
the one hand, the settling effect [17] causes the axial dis-
placement leading to the decrease of the screw preload.
On the other hand, the axial displacement causes the
cone connection surface adaptation providing frictional
resistance and screw-joint stability [7, 8].

Bickford has explained how the screw is loosened in
two stages [19]. Firstly, an external force causes micro-
movement and slipping between the abutment screw
thread and the implant, decreasing the screw preload.
Secondly, if the preload value falls below a critical level,
and the external force exceeds the joint separating force,
then screw loosening occurs. Consequently, the higher
the preload value, the greater is the resistance to screw
loosening.

Fig. 1 Cone connection combined with octalobular index (Octatorx)
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Many factors affect the screw preload, such as the co-
efficient of friction between the surface, the elastic
modulus of the screw, the geometry of the screw and of
the connection, the fit of the components, insertion
torque, the presence of lubricant, and occlusal overload
[12]. The optimal screw preload should induce a stress
in the joint of about 60-75% of the yield strength of the
material [20]. There are many methods to measure
screw preload [21], removal torque measurement being
the most common [22]. The removal torque is the rota-
tional force used to loosen the screw. The greater the
preload obtained, the higher is the removal torque value.

The literature demonstrates that humans undergo
about 800,000 chewing cycles in a year [23], with the fre-
quency of cycles ranging from 1 to 19 Hz [24]. Lundeen
and Gibbs reported that the average occlusal force for
fixed prostheses supported by implants is 250 N [25].
Different methods of cyclic testing have been used to
simulate clinical oral function. The ISO 14801:2007 rec-
ommendations were designed for single, endosteal,
transmucosal dental implants tested under “worst case”
applications [26]. The implant samples protrude from a
supporting resin by 3 mm, simulating the worst situation
of 3 mm of vertical bone resorption around the implant.
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The implant samples are angled at 30° to the vertical
and are stressed by vertical and oblique loads (Fig. 2).

In most studies, the removal torque values (RTVs) de-
creased after cyclic loading [27, 28], but in some studies,
higher RTVs were reported [29, 30]. There are many in-
dependent variables that may influence the screw pre-
load as mentioned above [12]. Paepoemsin et al. [31]
evaluated the removal torque of the tapered screws and
flat-head screws of an implant system and found that
the RTVs reduced significantly after 1,000,000 cycles of
loading. Few studies have truly focused on the effect of
functional loading duration on preload maintenance of
the screw. How the screw preload may change under dif-
ferent functional loading times is still unknown. The sig-
nificant reduction of the RTVs and the patterns after
cyclic loading have also not been investigated. Therefore,
the purpose of the study was to investigate the RT Vs’ de-
creasing pattern after different cyclic loading. The null
hypothesis was that the RTVs are not significantly re-
duced after different cyclic loading.

Materials and methods
This study was conducted in accordance to the inter-
national standard fatigue test (ISO 14801:2007) for
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Fig. 2 Schematic of test setup according to The ISO 14801 recommendations
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endosseous dental implants in vitro (Fig. 2). Eighty-four im-
plants (PW Plus implant system, PW Plus Company) were
prepared, which had a diameter of 3.75 mm and a length of
10 mm, with the Octatorx-cone implant-abutment connec-
tion. All were embedded in individual epoxy resin blocks
(Chockfast Orange Resin, Shannon Industrial Estate, Co.
Clare, Ireland). The platforms of the implants were 3 mm
above the level of the upper border of the resin block. The
straight abutment of the implant sample was attached to a
hemispherical metal cap, which was relined with Chockfast
resin on the inner side (Fig. 3). The abutment was attached
to the implant component which is mounted with a digital
torque gauge (Tohnichi torque gauge, model BTGE50CN)
and the abutment retaining screw was tightened to 30 N
cm, (according to the company’s recommendation) using
the digital torque gauge (Fig. 4). After 10 min, all abutment
screw samples were retightened at the same torque (30N
cm) and left unloaded for 10 min. Six samples were ran-
domly selected as the control group (group 0) to measure
and record the initial RTVs of the abutment screws using
the digital torque gauge. The remaining 78 samples were
randomly divided into 13 experimental groups of 6 and
underwent different numbers of mechanical loading cycles
in the Electropuls E1000 dynamic test instrument (Instron,
Fig. 5), which delivered dynamic loading forces between 15
and 250 N with a frequency of 15 Hz. The implant samples
were mounted in an angled steel holder so that the axis
was at a 30 + 1° angle to the loading direction. The loading
force was applied to the hemispherical metal cap of the im-
plant samples, with no lateral constraint (Fig. 6).

The numbers of loading cycles for each experimental
group were 50,000, 100,000, 150,000, 200,000, 400,000,
and continually increasing 200,000 cycles per group to
the last group at 2,000,000 cycles. After the cyclic load-
ing, all implant samples were measured to determine the
RTVs of the abutment screw using the digital torque
gauge. The RTVs were recorded and the mean percent-
age loss of the RTVs in each experimental group was

Fig. 3 Implant assembly embedded in resin block
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Fig. 4 Tightening the abutment screw and measuring the RTVs

calculated by comparison with the initial RTVs. The
schematic experimental procedures are shown in Fig. 7.

Statistical analysis was performed using one-way
ANOVA for the overall effect of the numbers of mech-
anical loading cycles on the RT Vs of the abutment screw
as well as the post hoc Tukey’s HSD test SPSS 20 (IBM
SPSS, Chicago, IL, USA) was used, and differences at P
< 0.05 were considered statistically significant.

Results

The RTV data were normally distributed (Shapiro-Wilk
test). The mean RTVs (N cm) of all groups are shown in
Table 1. The RTVs in all groups decreased. The mean
initial RTV of the control group was 27.67 Ncm, a de-
crease of 7.78% compared to the insertion torque. After
mechanical cyclic loading, all experimental groups from
50,000 to 2,000,000 cycles of loading showed significant
decreases in mean RTVs when compared with the initial
RTVs (P<0.05) (Table 2). Similar results were found
from 50,000 cycles to 1,800,000 cycles but without sig-
nificant differences (P > 0.05). The statistically significant
reductions of RTVs were found at 2,000,000 cycles (P <
0.05) (Table 3, Fig. 8). The comparison of the mean
RTVs among groups are shown in Table 3. Although
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Fig. 5 Specimen mounted in a 30°-angled steel holder in ElectroPuls
E1000 dynamic testing machine
.

decreases in RTVs were observed in all groups, no screw
loosening occurred.

Discussion

From the study, the RTVs of the control group, which
was left unloaded for 10 min after second tightening de-
creased 7.78% from the tightening torque. Previous

Fig. 6 Specimen mounted in a 30°-angled steel holder
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studies have shown a 2 to 10% loss of screw preload
[21]. These results can be explained by the settling effect
as follows [16]. Firstly, the tightening torque is used to
overcome the friction of the contacting metal surface
connection [32]. Secondly, wear of the contacting
implant-abutment surface can cause axial displacement
of the abutment into the implant bore and the length of
the elongated screw is shortened microscopically, lead-
ing to the loss of screw preload [12, 33]. After mechan-
ical cyclic loading, all experimental groups from 50,000
to 2,000,000 cycles showed significant decreases in mean
RTVs compared with the initial RTVs (P <0.05). These
results are similar to those of several studies. Moham-
med et al. [17] reported that the post-loading RTVs of
internal hex implants were significantly lower than the
initial RTVs after 16,000 cycles and Cibirka et al. [26]
found decreasing RT'Vs in the internal hexagon of Nobel
Biocare implants after 5 million cycles of fatigue testing.
The decrease in RTVs after cyclic loading can be ex-
plained by the micromovement of the joint connection
or progressive settling effect from functional loading
[33]. It is assumed that mechanical cyclic loading will
serve as a proxy for oral functional loading, which can
cause micromovement and slipping between the abut-
ment screw thread and the implant, reducing the ten-
sional force and resulting in decreased preload of the
screw [34, 35]. Additionally, in functionally loaded im-
plants, the progressive settling effect and the wedge ef-
fect cause increased axial displacement of the abutment
into the implant connection [36]. Seol et al. [37], who
analyzed the axial displacement of an internal
implant-abutment connection after cyclic loading, found
that the two-piece abutment of an internal octagon con-
nection showed continuous axial displacement, but the
rate of axial displacement was slow after 100,000 cycles.
In our study, the decrease in RTVs was also constant
after 50,000 cycles. This might imply that the axial dis-
placement has a great effect on the loss of screw preload.
Additionally, Kim et al. [38] indicated that the RTVs of
abutment screws are related to the settling value. They
found that after cyclic loading, there were statistically sig-
nificant differences in the settling value and also in RTVs
in internal connections, whereas external connections
showed no significant changes in settling values and re-
sulted in no significant changes in RTVs. However, the re-
lation between settling values and RT'Vs varies depending
on many factors, such as the material, design, and charac-
teristic of the abutment-implant interface [38].

Although the reduction in RTVs was observed after
mechanical cyclic loading, no screw loosening occurred
after 2,000,000 cycles of loading, which it assumed repre-
sents 3years of function in worse scenario setting ac-
cording to ISO 14801 in vivo [23]. Our study presents
similar results to those of Binon and McHugh, who
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Fig. 7 Schematic diagram for experimental procedure

reported that the 30-N-cm insertion torque can main- micromovement in the joint system under load [9]. The
tain screw-joint stability in 3 years of simulated function  screw design also has an effect on the screw preload
[34]. The reduction of screw preload after 2,000,000 cy- [39]. Paepoemsin et al. [31] found that the retaining ta-
cles of loading was 42.74%. This is considered to be rela-  pered screws of their implants maintained higher pre-
tively low and might be because of the load efficiency than did the flat head screws of the
implant-abutment connection design [39]. The eccentric  implants before and after cyclic loading (P < 0.05). In our
force has little effect on the screw preload under func-  study, RTVs were constant from 50,000 cycles of loading
tional loading because the contacting part of the cone to 1,800,000 cycles. This result is not in agreement with
connection helps to provide frictional resistance and those of Khraisat et al. [40], who concluded that
mechanical stability [7, 8]. Moreover, the Octatorx lobu- 1,000,000 cycles of loading significantly affected the
lar  anti-rotational design help produce little RTVs of CeraOne abutment external hex implants

Table 1 Mean removal torque values (N cm) of the abutment screws of the implant-abutment connections in all groups

Group Number of cycles Mean removal torque value (N cm) + SD % of mean RTV loss compared to initial RTV
0 0 27.67 +£1.66 (initial RTV) -

1 50,000 2177 £2.13 21.33%
2 100,000 2003221 27.59%%
3 150,000 1945+2.82 29.70%
4 200,000 1710+4.79 38.19%
5 400,000 1737+392 37.29%
6 600,000 19.07 £ 148 31.08%
7 800,000 1993 +3.00 27.95%
8 1,000,000 1778 +3.03 35.75%
9 1,200,000 1599+ 340 4220%
10 1,400,000 1828+ 1.02 33.95%
" 1,600,000 19.04+3.03 31.17%
12 1,800,000 19.16£245 30.75%
13 2,000,000 15.84+3.42 42.74%
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Table 2 One-way ANOVA for the difference in removal torque values among groups with different numbers of mechanical loading

cycles
Sum of squares df Mean square F p values
RTVs Between groups 670.997 13 51615 6.110 0007
Within groups 591.291 70 8447
Total 1262287 83

**One-way ANOVA, p value is considered significant at 0.05

compared with 500,000 cycles of loading. This might be
because different types of implant-abutment connections
were used. In external connections, implant-abutment
stability is obtained primarily by the tension of the
screws [4]. Therefore, the screw preload in external con-
nections is affected by the cyclic loading more than in
internal connections.

Cho et al. [39] studied the effect of retightening the
abutment screw on RTVs in internal connection im-
plants under cyclic loading at 3, 10,100, and every
20,000 cycles up to 100,000 cycles. They found that most
of the decrease in RTVs occurred at 10 cycles, and after
that, RTVs did not change significantly. The study
showed that retightening the abutment screw under cyc-
lic loading resulted in superior RTVs when compared
with no retightening [39]. However, retightening the
abutment screw might change the shape of the abutment
screw and the inner screw thread of the implant [41]. In
our study, we demonstrated decreasing the RTVs after
cyclic loading without retightening the abutment screw.

Table 3 Post hoc Tukey's HSD test of mean removal torque
values in all groups

Number Subset for alpha=0.05

of cycles N 1 5 3

0 6 —27.6667

50,000 6 —21.7667

100,000 6 -20.0333 —20.0333
800,000 6 —19.9333 —19.9333
150,000 6 —19.4500 —19.4500
1,800,000 6 —19.1583 —19.1583
600,000 6 —19.0667 —19.0667
1,600,000 6 -19.0417 —19.0417
1,400,000 6 —18.2750 —18.2750
1,000,000 6 =17.7750 =17.7750
400,000 6 —17.3667 —17.3667
200,000 6 —17.1000 —17.1000
1,200,000 6 -159917 -159917
2,000,000 6 —15.8417
p values 1.000 055 424

Means for groups in homogeneous subsets are displayed. Uses harmonic
mean sample size = 6.000
**One-way ANOVA, p value is considered significant at 0.05

Tzenakis et al. [42] reported that retightening of the
screw is strongly recommended, but the appropriate
timing of retightening is still not clear. Cho et al. [39]
recommended retightening abutment screws in the early
stage of functional loading, at the first week in vivo, in
internal type implants because they found no significant
difference in RTVs between 20,000 and 100,000 cycles of
loading. In our study, the RTVs decreased in the early
stage at 50,000 cycles of loading and then remained con-
stant to 1,800,000 cycles. The result can be used to esti-
mate that the implant should also be retightened in the
early stage of cyclic loading under a worst-case situation
[26]. Seol et al. [37] stated that to minimize screw loos-
ening, the screw should be retightening at 1 month in
vivo after constant axial displacement at 100,000 cycles
of loading. Nevertheless, different implant-abutment
connections, designs, and materials influence the screw
preload differently. Therefore, it may be summarized
that re-tightening is a theoretical recommendation based
on in vitro studies that have found it beneficial in terms
of RTV reduction.

This study cannot compare the RTVs to the other
implant-abutment connections because each implant
system has their own manufacturing technique especially
the tolerance value between implant and abutment con-
nection, and these values are considered as the confiden-
tial data of the company. However, by conforming to the
international standard of the medical device for dental
implant systems (ISO 13485), the results of this study
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may be applicable to other combined mandatory
index-cone connections of other commercial implant
systems. Clinically, the retightening of the abutment
screw is recommended after the first 6 months in func-
tion because the significant preload loss at the early cyc-
lic loading as shown in our and other studies [39]. The
6-month or yearly regular clinical follow-up after dental
implant treatment is suggested. In the clinical situation,
the screw loosening leads to implant prosthesis move-
ment and in the worst case, the abutment screw may
break. The RTV value which related to the screw and
implant-abutment connection loosening in the clinical
situation is still not clear and further clinical studies are
required.

In addition, further studies are suggested to examine
the relation between the settling value [38] and the pre-
load value of the screw. It would be helpful for evaluat-
ing the stability of the implant-abutment connection
after functional loading. The decreasing pattern of RT Vs
after cyclic loading was specific to the design of the
implant-abutment connection, so more studies are rec-
ommended in other implant systems.

Conclusion

According to the conditions for the fatigue test set out
in ISO 14801:2007, the RTVs of the combined cone and
octalobule index reduced significantly after 50,000 cycles
and did not change significantly until 2,000,000 cycles.

Abbreviations
RTVs: Removal torque values

Acknowledgements

The authors sincerely thank Mr. Anucharte Srijunbarl, Dental Material
Research Center, Faculty of Dentistry, Chulalongkorn University for his
assistance in the experimental part, Dr.Thanapat Sastraruji, Dental Research
Center, Faculty of Dentistry, Chiang Mai University for his help in the
meteorological data analysis and Dr. M. Kevin O Carroll, Professor Emeritus of
the University of Mississippi School of Dentistry, USA and Faculty Consultant
at Chiang Mai University Faculty of Dentistry, for his assistance in the
preparation of the manuscript. The reserch fund was supported by Chiang
Mai University.

Funding
The study is supported by Chiang Mai University research fund for center of
excellence project.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions

KB have made substantial contributions to the management, analysis and
interpretation of data, and in collaborating the manuscript. PC and PK have
participated in the study design and revised it critically for important
intellectual content and also have given final approval of the version to be
published. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

(2019) 5:1

Page 8 of 9

Consent for publication
Not applicable.

Competing interests
Kanyarin Benjaboonyazit, Pisaisit Chaijareenont, and Pathawee,
Khongkhunthian declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Center of Excellence for Dental Implantology, Faculty of Dentistry, Chiang
Mai University, Chiang Mai, Thailand. “Department of Prosthodontics, Faculty
of Dentistry, Chiang Mai University, Chiang Mai, Thailand. *Center of
Excellence for Dental Implantology, Faculty of Dentistry, Chiang Mai
University, Suthep, A. Muang, Chiang Mai 50200, Thailand.

Received: 17 September 2018 Accepted: 20 December 2018
Published online: 14 January 2019

References

1. Pjetursson BE, Asgeirsson AG, Zwahlen M, Sailer I. Improvements in implant
dentistry over the last decade: comparison of survival and complication
rates in older and newer publications. Int J Oral Maxillofac Implants. 2014;
29(Suppl):308-24.

2. Jung RE, Pjetursson BE, Glauser R, Zembic A, Zwahlen M, Lang NP. A
systematic review of the 5-year survival and complication rates of implant-
supported single crowns. Clin Oral Implants Res. 2008;19:119-30.

3. Chaar MS, Att W, Strub JR. Prosthetic outcome of cement-retained implant-
supported fixed dental restorations: a systematic review. J Oral Rehabil.
2011,38:697-711.

4. Binon PP. Implants and components: entering the new millennium. Int J
Oral Maxillofac Implants. 2000;15:76-94.

5. Hoyer SA, Stanford CM, Buranadham S, Fridrich T, Wagner J, Gratton D.
Dynamic fatigue properties of the dental implant-abutment interface: joint
opening in wide-diameter versus standard-diameter hex-type implants. J
Prosthet Dent. 2001;85:599-607.

6. Mangano F, Macchi A, Caprioglio A, Sammons RL, Piattelli A, Mangano C.
Survival and complication rates of fixed restorations supported by locking-
taper implants: a prospective study with 1 to 10 years of follow-up. J
Prosthodont. 2014;23:434-44.

7. Bozkaya D, Muftu S. Mechanics of the taper integrated screwed-in (TIS)
abutments used in dental implants. J Biomech. 2005;38:87-97.

8. Sutter F, Weber HP, Sorensen J, Belser U. The new restorative concept of
the [Tl dental implant system: design and engineering. Int J Periodontics
Restorative Dent. 1993;13:408-31.

9. Khongkhunthian P, Khongkhunthian S, Weerawatprachya W, Pongpat K,
Aunmeungtong W. Comparative study of torque resistance and microgaps
between a combined Octatorx-cone connection and an internal hexagon
implant-abutment connection. J Prosthet Dent. 2015;113:420-4.

10. Norton MR. Assessment of cold welding properties of the internal conical
interface of two commercially available implant systems. J Prosthet Dent.
1999;81:159-66.

11, Burguete RL, Johns RB, King T, Patterson EA. Tightening characteristics for
screwed joints in osseointegrated dental implants. J Prosthet Dent. 1994;71:
592-9.

12. Haack JE, Sakaguchi RL, Sun T, Coffey JP. Elongation and preload stress in
dental implant abutment screws. Int J Oral Maxillofac Implants. 1995;10:529-36.

13. Maeda Y, Satoh T, Sogo M. In vitro differences of stress concentrations for
internal and external hex implant-abutment connections: a short
communication. J Oral Rehabil. 2006;33:75-8.

14. Ma T, Nicholls JI, Rubenstein JE. Tolerance measurements of various implant
components. Iny J Oral Maxillofac Implants. 1997;12:371-5.

15. Merz BR, Hunenbart S, Belser UC. Mechanics of the implant-abutment
connection: an 8-degree taper compared to a butt joint connection. Int J
Oral Maxillofac Implants. 2000;15:519-26.

16. Winkler S, Ring K, Ring JD, Boberick KG. Implant screw mechanics and the
settling effect: overview. J Oral Implantol. 2003;29:242-5.



Benjaboonyazit et al. International Journal of Implant Dentistry

20.
21.
22.

23.

24.
25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mohammed HH, Lee JH, Bae JM, Cho HW. Effect of abutment screw length
and cyclic loading on removal torque in external and internal hex implants.
J Adv Prosthodont. 2016;8:62-9.

Katsuta Y, Watanabe F. Abutment screw loosening of endosseous dental
implant body/abutment joint by cyclic torsional loading test at the initial
stage. Dental Material Journal. 2015;34(6):896-902.

Bickford J. An introduction to the design and behavior of bolted joints. 4th
ed. Boca Raton: CRC press; 1995. p. 303-7.

McGlumphy EA, Mendel DA, Holloway JA. Implant screw mechanics. Dent
Clin N Am. 1998;42:71-89.

Hagiwara M, Ohashi N. A new tightening technique for threaded fasteners.
J Offshore Mech Arct Eng. 1994;116:64-9.

Sakaguchi RL, Borgersen SE. Nonlinear contact analysis of preload in dental
implant screws. Int J Oral Maxillofac Implants. 1995;10:295-302.

Rosentritt M, Behr M, Gebhard R, Handel G. Influence of stress simulation
parameters on the fracture strength of all-ceramic fixed-partial dentures.
Dent Mater. 2006;22:176-82.

Wilding RIC, Lewin A. The determination of optimal human jaw movements based
on their association with chewing performance. Arch Oral Biol. 1994,39:333-43.
Lundeen HC, Lundeen HC, Gibbs CH. Advances in occlusion. Boston: John
Wright-PSG; 1982. p. 2-32.

Marchetti E, Ratta S, Mummolo S, Tecco S, Pecci R, Bedini R, et al. Evaluation
of an endosseous oral implant system according to UNI EN ISO 14801
fatigue test protocol. Implant Dent. 2014;23:665-71.

Cibirka RM, Nelson SK, Lang BR, Rueggeberg FA. Examination of the implant-
abutment interface after fatigue testing. J Prosthet Dent. 2001,85:268-75.
Khraisat A, Hashimoto A, Nomura S, Miyakawa O. Effect of lateral cyclic
loading on abutment screw loosening of an external hexagon implant
system. J Prosthet Dent. 2004,91:326-34.

Delben JA, Gomes EA, Barao VA, Assuncao WG. Evaluation of the effect of
retightening and mechanical cycling on preload maintenance of retention
screws. Int J Oral Maxillofac Implants. 2011;26:251-6.

Tsuge T, Hagiwara Y. Influence of lateral-oblique cyclic loading on abutment
screw loosening of internal and external hexagon implants. Dent Mater J.
2009;28:373-81.

Paepoemsin TRPA, Chaijareenont P, Strietzel FP, Khongkunthian P. Removal
torque evaluation of three different abutment screw for single implant
restorations after mechanical cyclic loading. Oral Implantol. 2016;9:213-21.
Shigley JE, Mischke CR, Richard GB. Mechanical engineering design. 10th ed.
New York: McGraw-Hill; 2004. p. 429-40.

Jorneus L, Jemt T, Carlsson L. Loads and designs of screw joints for single
crowns supported by osseointegrated implants. Int J Oral Maxillofac
Implants. 1992,7:353-9.

Binon PP, McHugh MJ. The effect of eliminating implant/abutment
rotational misfit on screw joint stability. Int J Prosthodont. 1996,9:511-9.
Dixon DL, Breeding LC, Sadler JP, McKay ML. Comparison of screw
loosening, rotation, and deflection among three implant designs. J Prosthet
Dent. 1995;74:270-8.

Lee JH, Kim DG, Park CJ, Cho LR. Axial displacements in external and
internal implant-abutment connection. Clin Oral Implants Res. 2014;25:83-9.
Seol HW, Heo SJ, Koak JY, Kim SK, Kim SK. Axial displacement of external
and internal implant-abutment connection evaluated by linear mixed
model analysis. Int J Oral Maxillofac Implants. 2015;30:1387-99.

Kim KS, Han JS, Lim YJ. Settling of abutments into implants and changes in
removal torque in five different implant-abutment connections. Part 1
cyclic loading. Int J Oral Maxillofac Implants. 2014;29:1079-84.

Cho WR, Huh YH, Park CJ, Cho LR. Effect of cyclic loading and retightening
on reverse torque value in external and internal implants. J Adv
Prosthodont. 2015;7:288-93.

Khraisat A, Abu-Hammad O, Dar-Odeh N, Al-Kayed AM. Abutment screw
loosening and bending resistance of external hexagon implant system after
lateral cyclic loading. Clin Implant Dent Relat Res. 2004;6:43-164.

Guzaitis KL, Knoernschild KL, Viana MAG. Effect of repeated screw joint
closing and opening cycles on implant prosthetic screw reverse torque and
implant and screw thread morphology. J Prosthet Dent. 2011;106:159-69.
Tzenakis GK, Nagy WW, Fournelle RA, Dhuru VB. The effect of repeated
torque and salivary contamination on the preload of slotted gold implant
prosthetic screws. J Prosthet Dent. 2002;88:183-91.

(2019) 5:1

Page 9 of 9

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Background
	Materials and methods
	Results
	Conclusions

	Background
	Materials and methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

