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Screw loosening and changes in removal
torque relative to abutment screw length in
a dental implant with external abutment
connection after oblique cyclic loading

Joo-Hee Lee*, Hyun-Suk Cha

Department of Prosthodontics, Asan Medical Center, College of Medicine, University of Ulsan, Seoul, Republic of Korea

PURPOSE. This study investigated the effects of abutment screw lengths on screw loosening and removal torque
in external connection implants after oblique cyclic loading. MATERIALS AND METHODS. External connection
implants were secured with abutment screws to straight abutments. The abutment-implant assemblies were
classified into seven groups based on the abutment screw length, with each group consisting of five assemblies.
A cyclic load of 300 N was applied at a 30° angle to the loading axis until one million cycles were achieved.
Removal torque values (RTVs) before and after loading, and RTV differences were evaluated. The measured
values were analyzed using repeated measures of analysis of variance with the Student-Newman-Keuls multiple
comparisons. RESULTS. All assemblies survived the oblique cyclic loading test without screw loosening. There
was a significant decrease in the RTVs throughout the observed abutment screw lengths when the abutment-
implant assemblies were loaded repeatedly (P<.001). However, the abutment screw length did not show
significant difference on the RTVs before and after the experiment when the abutment screw length ranged from
1.4 to 3.8 mm (P=.647). CONCLUSION. Within the limit of this experiment, our results indicate that the
abutment screw length did not significantly affect RTV differences after oblique cyclic loading when a minimum
length of 1.4 mm (3.5 threads) was engaged. These findings suggest that short abutment screws may yield stable
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clinical outcomes comparable to long screws in terms of load resistance. [J Adv Prosthodont 2018;10:415-21]
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INTRODUCTION

Dental implants have undergone many changes and develop-
ments. Nevertheless, various complications such as osseoin-
tegration loss, soft and hard tissue defects, and biomechani-
cal problems have been reported continuously.'” The most
common mechanical complication associated with implant-
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supported restorations is abutment screw loosening. In sev-
eral clinical reviews on the implant-retained prostheses,
abutment screw loosening was reported as the most fre-
quently encountered problem.*® Despite the large number
of clinical and 7z vitro studies, the cause of abutment screw
loosening remains unknown. Other studies reported that
implant-abutment assemblies were stable, and abutment
screw loosening was rare.”® Additionally, while some 2 vitro
studies reported a reduction in removal torque values
(RTVs) after cyclic loading,™'* others reported no significant
reduction.!:!?

Screw loosening leads to instability of the implant-abut-
ment connection and the formation of a micro-gap, which
may provoke the fractute of implant components.” The gap
can cause the infiltration of microorganisms, which is harm-
ful for the surrounding tissues.'"* Additionally, loosening or
failure of implant screws may result in component failure
that may require more extensive repair.'>'® Several factors
are involved in screw loosening including tightening force,
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design, and screw material.'*'” Preloading of the screw joint
is essential for the prevention of screw loosening.' If the
preload fall below a key point, joint stability may be affect-
ed, which may impair the stability of the screw joint.'*"” To
reduce screw loosening and related complications, studies
on the screw designs are needed since the best design has
still not been identified. Therefore, it is necessary to study
the influence of the length of the abutment screw and the
difference in RTVs before and after loading, based on the
screw length.

Until now, however, few studies have investigated the
viability of short abutment screws. We previously showed
that daily temperature changes in the mouth did not have a
deleterious effects on implant joint stability when a short
abutment screw with a minimum of 3.5 threads was used.”
We also showed that implant abutment screws with a mini-
mum of 3.5 threads were sufficiently resistant to maximum
occlusal forces without significant increases in peak and/or
break strains.”! However, the aforementioned study focused
on the minimum load required to break the abutment screw
and investigated whether short screws could withstand the
maximum occlusal load under static conditions. Because
fatigue dynamic loading is considered to be more represen-
tative of the oral environment, fracture or loosening of
abutment screws should be assessed under eccentric oblique
cyclic loading conditions.

This study, therefore, investigated the effects of differ-
ent abutment screw lengths on screw loosening and changes
in removal torque after cyclic loading by measuring torque
values after the loading of an external connection implant.
Our null hypotheses were as follows: (1) the RTVs before
and after cyclic loading would not be significantly different
in any of the experimental groups, and (2) there would be
no difference in the RTVs among groups with different
screw lengths before or after loading,

MATERIALS AND METHODS

Implants-13 mm long and 4.3 mm in diameter-were manu-
factured using grade 4 pure titanium and with external hex
connections specifically for the present study (Hexplant,
Warantec Co. Ltd., Seoul, Korea).?** Straight implant abut-
ments of 9 mm in height and abutment screws were made
of Ti-0Al-4V ELI titanium alloy (Warantec, Seoul, Korea).
The abutment screws were divided into groups depending
on their lengths and number of threads (seven groups, five
abutment screws pet group). The shortest abutment screws,
group 1, were 1.4 mm in length and consisted of 3.5
threads. The next groups were 0.4 mm longer each and had
one extra thread each. So, the number of abutment screw
threads in groups 2 to 6 was 4.5 (1.8 mm), 5.5 (2.2 mm), 6.5
(2.6 mm), 7.5 (3.0 mm), and 8.5 (3.4 mm), respectively. The
longest, group 7 were 3.8 mm in length and had 9.5 threads
(Table 1, Fig, 1).

In accordance with the ISO 14801:2007 protocol,”
arrangements of the assemblies and experiment setup wete
conducted basically. The implant fixtures and abutments
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were tightened with the abutment screws using a torque of
30 Necm in accordance with the manufacturer’s recommen-
dation. All screws were retightened 10 minutes later in the
same way for minimizing embedment relaxation among the
mated threads.” Measurements of RTVs were performed 5
minutes later with a digital torque gauge (MTT03-12, Mark-
10 Co., Hicksville, NY, USA). These RTVs were measured
before loading and were referred to as pre-RTVs. For cyclic
loading, the screws were retightened as described previously.
The implant-abutment assemblies were positioned into the
metal holder (Fig. 2) at a 30° inclination relative to the axis
of loading. A total of 35 metal caps were fabricated with
hemisphere-shaped heads and attached to the abutments
prior to loading with a zinc phosphate cement (Elite
Cement 100; GC Co., Tokyo, Japan) as described previous-
ly."" Cyclic loading was conducted using a universal testing
machine (E3000, Instron, Canton, MA, USA). For all assem-
blies, loads of 300 N wete applied until one million cycles
were achieved at a frequency of 15 Hz. Testing was pet-
formed in random sequences. After loading, the RTVs were
measured again and referred to as post-RTVs. Differences
between pre-RTVs and post-RTVs were calculated and
referred to as RTV differences. Repeated measures analysis
of variance with Student-Newman-Keuls multiple compari-
sons was performed to analyze the measured data. Statistical
significance was set at a P value < .05.
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Fig. 1. A photograph of the abutment screws used in the
current study. From left to right, the screws are 1.4 - 3.8
mm in length (in 0.4 mm increments) with 3.5 - 9.5
threads (in one thread increments).

Table 1. Experimental groups according to the abutment
screw length

Group Abutment screw length (number of thread)

1.4 mm length (3.5 threads)
1.8 mm length (4.5 threads)
2.2 mm length (5.5 threads)
2.6 mm length (6.5 threads)
3.0 mm length (7.5 threads)
3.4 mm length (8.5 threads)
3.8 mm length (9.5 threads)
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Loading rod —

Abutment

Implant

Metal cap
Abutment screw

Fig. 2. Schematic of the cyclic loading experiment. The
implant-abutment-abutment screw assemblies were
designed to receive loads at a 30° angle relative to the
loading axis.

RESULTS

The assemblies of all groups survived the oblique cyclic
loading test without screw loosening. Additionally, none of
these assemblies showed evidence of decementation of the
metal cap. The results of repeated measures analysis of
variance and multiple comparisons are shown in Table 2 and
Table 3. The mean and standard deviation of the pre- and
post-RTVs (in Nem) and the RTV differences (in Nem) for
each group are shown in Table 4 and Figure 3. A significant
decrease in the RTVs was noted for all abutment screws of
different lengths when the abutment-implant assemblies
wete loaded repeatedly (P < .001). The overall mean of the
post-RTVs tended to be smaller than that of the pre-RTVs
(Table 5).

Figure 3 shows the distribution of the pre- and post-
RTVs according to the abutment screw length. When the
abutment screw length ranged from 1.4 to 3.8 mm, the
abutment screw length did not show significant difference
on the RTVs among the experimental groups before the
experiment as well as after the experiment (P = .647).

Table 2. Results of repeated measures analysis of variance

Repeated measures analysis of variance

Variables DF Mean square F value Significance
Group 6 6.58 0.71 0.64064
Error 28 9.20

Table 3. Results of multiple comparisons

Student-Newman-Keuls Multiple Comparisons

Group (screw length) Subset
1
1 (1.4 mm) 19.28
6 (3.4 mm) 19.49
7 (3.8 mm) 19.72
5 (3.0 mm) 20.04
4 (2.6 mm) 20.55
3 (2.2mm) 20.87
2 (1.8 mm) 21.53
Significance 0.647

Table 4. Mean RTV (SD) before and after the oblique
cyclic loading and mean RTV difference (SD) according
to the abutment screw length

Group

(screw length) Pre-RTV Post-RTV RTV difference
1 (1.4 mm) 23.78 (2.86) 14.78 (4.62) 9.00 (3.92)
2 (1.8 mm) 26.62 (1.89) 16.44 (2.40) 10.18 (1.29)
3 (2.2 mm) 25.72 (1.87) 16.02 (2.28) 9.70 (2.96)
4 (2.6 mm) 25.64 (2.41) 15.46 (2.69) 10.18 (2.47)
5 (3.0 mm) 25.52 (1.53) 14.56 (1.91) 10.96 (1.71)
6 (3.4 mm) 24.40 (3.51) 14.58 (1.90) 9.82 (3.56)
7 (3.8 mm) 24.88 (2.89) 14.56 (3.12) 10.32 (4.99)

Table 5. Mean RTV before and after the oblique cyclic
loading

Sample size  Mean RTV SD
Pre-cyclic loading 35 25.22 2.44
Post-cyclic loading 35 15.20 2.68
30
e 20
e A s S S |
10
5 - Pre-RTVs
-4 Post-RTVs
0 1.5 2 2.5 3 3.5 4

Screw length (mm)

Fig. 3. Distribution of the RTVs before and after cyclic
loading.
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DISCUSSION

The first null hypothesis was rejected based on significant
differences between the pre- and post-RTVs in all groups.
Although the screws were retightened to 30 Nem before the
loading experiment, the initial preloads were lower, with all
groups having lower post-RTVs than pre-RTVs. Abutment
screw loosening in implant-retained prostheses is a concern
in dental fields. One study reported screw loosening in
12.7% of single-tooth restorations and 6.7% of partial fixed
prostheses.** A multicenter study revealed that abutment
screw loosening occurred at a rate of 9.6% over a period of
8 years.” This complication was reported in 49% of maxil-
lary and 20.8% of mandibular implant restorations.*®
However, Theoharidou ¢# /" revealed that abutment screw
loosening in single-implant restorations was rare and that
the stability of the implant-abutment connection was pre-
served in more than 97% of cases. Vigolo et al® reported
that, over a 5-year period, only 21 of 1935 implants (1.2%)
underwent screw loosening. I vitro studies showed some-
what differential results. Sakamoto e a/'” reported that the
RTVs of an external connection implant decreased after
cyclic loading with loads of 300 N, while no decrease in the
RTVs was observed for an internal connection implant.
Katsuta and Watanabe’ also reported that the abutment
screws in external connection implants were significantly
loose after one million cycles of torsional loading. However,
Khraisat ¢f al" reported that the RTVs of an external con-
nection implant could be preserved after one million cycles
of eccentric lateral cyclic loading, It was reported that post-
RTVs were significantly higher than pre-RTVs in both
external and internal connection implants after one million
loading cycles.”” The two latter studies used relatively low
loads of 50 N and 0 to 100 N, respectively. The current
study used oblique cyclic loading to apply constant stress,
which simulated dynamic mastication iz vitro.*” Various
loads, ranging from 50 to 450 N, have been applied in stud-
ies on cyclic loading.''***%3" This study used a load of 300
N, based on results showing that fixed partial dentures
retained by implants had an average maximal posterior bit-
ing force of 35 - 330 N.>! The bending of abutment screw
has been considered especially harmful to implant restora-
tions.”? Despite the decrease in RTV after loading, screw
loosening was not observed in any group, which implies
that the preload was not lost completely while maintaining
the joint stability.

Regarding the second null hypothesis, the outcomes of
the present study suggest that the abutment screw length
did not significantly affect screw loosening after oblique
cyclic loading when a minimum screw length of 1.4 mm
(3.5 threads) was engaged. The mean RTV difference was
not significantly correlated with the abutment screw length.
Within the limit of this study, the abutment screws with
more than 3.5 threads engagement showed the possibility to
withstand the loading. It was reported that engaging of
three or more threads was suitable to sustain joint stability
of the implant after fracture load,” thermocycling,” and
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repeated tightening and loosening™ tests. Long abutment
screws showed greater resistance to fracture than short
screws when static forces were applied to implant assem-
blies.”! However, short abutment screws resisted and tolerat-
ed the maximum biting force with a minimum of 3.5
threads engagement. Nonetheless, because loads in clinical
situations are not applied under static conditions, screw
fracture and loosening must be assessed under dynamic
conditions to assess the influence of screw length. Screw
loosening was evaluated by measuring RTVs before and
after cyclic loading, similar to other studies.'>**
vitro cyclic loading studies used three to six samples per each
group to investigate changes in RTVs in implant-abutment
assemblies.”!* This present study used five samples per
group. A limitation of the current study is the small sample
size, which could have led to the insignificant differences
among groups. Further studies with a greater number of
samples would be necessary to ensure strong conclusions.

Clinically, the results indicated that using long abutment
screws may not have a significant mechanical advantage in
reducing the rate of screw loosening and related complica-
tions. It was reported that, since most of the load was applied
to the upper three to four threads, the engaged number of
threads might not be very important, and friction could be
reduced with a minimum engagement.* Mechanically, eatly
strain was found to be diminished around the position of
the third or fourth screw thread, indicating that at least three
engaged threads are required to maintain the integrity of the
upper prosthesis to the implant.'” All screws in the present
study had at least 3.5 threads, allowing the redistribution of
the internal stress among the first three threads. In the event
of an initial abutment screw fracture, an alternative abut-
ment screw 1.4 mm or longer in thread length may be ade-
quate for enduring changes caused by masticatory function,
screw retightening, and temperature change in the oral cavi-
ty. Abutment screw fracture is a frequent complication of
dental implants. Removing the screw remnant from the
implant after a fracture is both challenging and time con-
337 A 12-year retrospective study showed that screw
fractures occurred most frequently among components in
external connection implants, and the fractured screws were
not rettieved in 6.2% of cases.™ From the clinical point of
view, when screw fracture occurs, it is important to remove
the fractured remnant. However, the complete removal of
the fractured remnant may be difficult in some cases.
Forcible removal of the fractured remnant of the screw
inside the fixture may place the soft and hard tissues as well
as the implant in jeopardy. If the inside of the implant is
damaged, conventional screws may not be used. In this case,
a short screw could be used as an emergency cure for a
short time as the result of the current study. Time and
expense may be saved if a short abutment screw is available,
but further clinical studies are required to ascertain these
speculations.

Several studies have assessed screw loosening after one
million cycles, which is equivalent to loading over a period
of 40 months.'""'** Therefore, the mechanism undetlying
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joint failure may be associated with this reduction in post-
cyclic RTV. Long-term application of clinical loads may
exacerbate micro-movements of the abutment, as well as
screw fatigue, leading to reduction in the revetse torque.”
An accurate fit at the implant joint can improve the securing
of the components and load distribution in the assemblies.
In addition, proper regular checks and retightening of abut-
ment screws ate required to maintain implant/abutment
assemblies. From the results of this study, screw retighten-
ing during periodic checks is necessary to maintain joint sta-
bility. At delivery of the prosthesis, several tightening would
be beneficial because a reason of the screw loosening is the
settling effect that induces 2 - 10% preload loss."
found that retightening the screw 10 minutes later dimin-
ished torque loss by 17 - 19%." Proper retightening helps
maintain the preload.*** External or internal connection
design of implants is thought as a factor that affects
implant-abutment stability.* It was reported that internal
connection implants were more stable than external connec-
tion implants.’** The loosening rate of the external connec-
tion implants was shown to be between 6 to 48%.% Friction
between the coronal mating sides and the screw clamping
force could contribute to the stabilization of implant-abut-
ment assemblies in internal connection implant systems.*
However, it was also reported that the incidence of abut-
ment screw looseness was not different between external
and internal connection implants.'? Further experiments will
be needed to determine the exact effect of screw length on
screw loosening in the internal connection implant systems.

In the present study, loads were delivered 30 degrees off
the center line of the assemblies according to the ISO pro-
tocol.” This ISO protocol desctibes a method for fatigue
testing of dental implants and their premanufactured pros-
thetic components. The ISO defines that this protocol sim-
ulates the functional loading of implant components under
‘worst case’ conditions and establishes loading force to be
applied with a hemispherical contact surface for load trans-
fer, attached to the free end of the connecting part.”* Thus,
a combination of bending, shear, and compression loads
was applied to the specimens in this study. In the clinical
point of view, the metal caps used had a hemisphere shape,
which is unlikely to mimic posterior crown restorations.
This shape could help distribute the forces. However, under
clinical conditions the buccsl and lingual cusps of the resto-
rations may limit the sliding of the loading tips, which could
cause screw looseness. Additional studies using tooth-
shaped prostheses are needed in the future. In this study,
the same screw was used for each sample throughout the
experiment like in other studies.'"'** An important event at
the screw joints is the settling process. Since the internal
structure and the screw are not perfectly manufactured
without irregularity, rough surfaces are smoothed out by
retightening and the preload loss happens.*” Although we
followed the general clinical procedure, deformation of the
screws might have taken place during the first tightening
process, which could have influenced the later results
because new screws were not used for the retightening after

It was

the first measurement.

The causes of screw loosening are multifactorial, and
therefore the appropriate choice of screw design and mate-
rial, the control of occlusal forces, and the passive fit of
components are required during implant-supported restora-
tions. Cyclic loading simulates masticatory function under
clinical conditions. However, controlled iz vitro studies can-
not include all clinically relevant variables. Thus, care should
be taken when extrapolating the results of this study to clin-
ical situations. In this study, a unidirectional force was deliv-
ered according to the ISO standard. However, in clinical
conditions, horizontal movements such as grinding occur,
and therefore clinical studies are needed. Theoretically, long
abutment screws could shift the center of rotation apically
from the upper area.”’” Long screws have more threads that
engage the implant and abutment. These features may help
distribute the applied loads to the implants and surrounding
bone more efficiently, making long screws more resistant to
fracture. Additional studies will be required to investigate
the long-term clinical efficiency of short screws.

CONCLUSION

The influence of the length of implant abutment screw on
screw loosening was investigated after oblique cyclic load-
ing. The post-RTVs were lower than the pre-RTVs regard-
less of the abutment screw length. The length of implant
abutment screws and number of abutment threads did not
aggravate screw loosening or affect the RTVs, within the
limitation of the current experiment. The engagement of
3.5 threads might be used clinically as a minimum length
requirement to maintain the implant-abutment connection

ORCID

Joo Hee Lee https://orcid.org/ 0000-0002-7907-3098
Hyun-Suk Cha hstps://orcid.org/ 0000-0001-5164-5181

REFERENCES

1. Gaviria L, Salcido JP, Guda T, Ong JL. Current trends in den-
tal implants. ] Korean Assoc Oral Maxillofac Surg 2014;40:50-
60.

2. Chee W, Jivraj S. Failures in implant dentistry. Br Dent |
2007;202:123-9.

3. Di lorio D, Sinjari B, Feragalli B, Murmura G. Biomechanical
aspects in late implant failures: scanning electron microscopy
analysis of four clinical cases. ] Contemp Dent Pract 2011;12:356-
60.

4. Weber HP, Sukotjo C. Does the type of implant prosthesis af-
fect outcomes in the partially edentulous patient? Int J Oral
Maxillofac Implants 2007;22:140-72.

5. Gracis S, Michalakis K, Vigolo P, Vult von Steyern P, Zwahlen
M, Sailer I. Internal vs. external connections for abutments/
reconstructions: a systematic review. Clin Oral Implants Res
2012;23:202-16.

6. Sailer I, Mihlemann S, Zwahlen M, Himmerle CH, Schneider

The Journal of Advanced Prosthodontics 419



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

420

J Adv Prosthodont 2018;10:415-21

D. Cemented and screw-retained implant reconstructions: a
systematic review of the survival and complication rates. Clin
Oral Implants Res 2012;23:163-201.

Theoharidou A, Petridis HP, Tzannas K, Garefis P. Abutment
screw loosening in single-implant restorations: a systematic
review. Int ] Oral Maxillofac Implants 2008;23:681-90.

Vigolo P, Gracis S, Carboncini F, Mutinelli S; AIOP (Italian
Academy of Prosthetic Dentistry) clinical research group.
Internal- vs external-connection single implants: A retrospec-
tive study in an italian population treated by certified prosth-
odontists. Int ] Oral Maxillofac Implants 2016;31:1385-96.
Katsuta Y, Watanabe F. Abutment screw loosening of endos-
seous dental implant body/abutment joint by cyclic torsional
loading test at the initial stage. Dent Mater | 2015;34:896-902.
Sakamoto K, Homma S, Takanashi T, Takemoto S, Furuya Y,
Yoshinari M, Yajima Y. Influence of eccentric cyclic loading
on implant components: Comparison between external joint
system and internal joint system. Dent Mater ] 2016;35:929-
37.

Khraisat A, Hashimoto A, Nomura S, Miyakawa O. Effect of
lateral cyclic loading on abutment screw loosening of an ex-
ternal hexagon implant system. ] Prosthet Dent 2004;91:326-
34.

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

Gupta S, Gupta H, Tandan A. Technical complications of im-
plant-causes and management: A comprehensive review. Natl
J Maxillofac Surg 2015;6:3-8.

do Nascimento C, Miani PK, Pedrazzi V, Gongalves RB,
Ribeiro RE, Faria AC, Macedo AP, de Albuquerque RF Jr.
Leakage of saliva through the implant-abutment interface: in
vitro evaluation of three different implant connections under
unloaded and loaded conditions. Int ] Oral Maxillofac
Implants 2012;27:551-60.

Taylor TD. Prosthodontic problems and limitations associat-
ed with osseointegration. ] Prosthet Dent 1998;79:74-8.
Stitker RA, Teixeira ER, Beck JC, da Costa NP. Preload and
torque removal evaluation of three different abutment screws
for single standing implant restorations. ] Appl Oral Sci
2008;16:55-8.

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

Dhingra A, Weiner S, Luke AC, Ricci JL. Analysis of dimen-
sional changes in the screw and the surface topography at the
interface of a titanium screw and a zirconia abutment under
cyclic loading: an in vitro study. Int ] Oral Maxillofac Implants
2013;28:661-9.

Siamos G, Winkler S, Boberick KG. Relationship between im-
plant preload and screw loosening on implant-supported
prostheses. | Oral Implantol 2002;28:67-73.

Yeo IS, Lee JH, Kang TJ, Kim SK, Heo §J, Koak JY, Park JM,
Lee SY. The effect of abutment screw length on screw loosen-
ing in dental implants with external abutment connections after
thermocycling, Int ] Oral Maxillofac Implants 2014;29:59-62.
Kim BJ, Yeo IS, Lee JH, Kim SK, Heo S§J, Koak JY. The ef-

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

fect of screw length on fracture load and abutment strain in
dental implants with external abutment connections. Int J
Oral Maxillofac Implants 2012;27:820-3.

ISO 14801. Dentistry - Implants - Dynamic fatigue test for
endosseous dental implants. Geneva, Switzerland: International
Organization for Standardization 2007.

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;6:157-64.

Pjetursson BE, Thoma D, Jung R, Zwahlen M, Zembic A. A
systematic review of the survival and complication rates of
implant-supported fixed dental prostheses (FDPs) after a
mean observation period of at least 5 years. Clin Oral Implants
Res 2012;23:22-38.

Bianco G, Di Raimondo R, Luongo G, Paoleschi C, Piccoli P,
Piccoli C, Rangert B. Osscointegrated implant for single-
tooth replacement: a retrospective multicenter study on rou-
tine use in private practice. Clin Implant Dent Relat Res
2000;2:152-8.

Jemt T, Pettersson P. A 3-year follow-up study on single im-
plant treatment. ] Dent 1993;21:203-8.

Att W, Kurun S, Gerds T, Strub JR. Fracture resistance of
single-tooth implant-supported all-ceramic restorations: an in
vitro study. ] Prosthet Dent 2006;95:111-6.

Mohammed HH, Lee JH, Bae JM, Cho HW. Effect of abut-
ment screw length and cyclic loading on removal torque in ex-
ternal and internal hex implants. ] Adv Prosthodont 2016;8:62-9.
Craig RG. Restorative dental materials. 9th ed, Mosby, St.
Louis; 1993. p. 75-7.

Dittmer MP, Dittmer S, Borchers L, Kohorst P, Stiesch M.
Influence of the interface design on the yield force of the im-
plant-abutment complex before and after cyclic mechanical
loading. ] Prosthodont Res 2012;56:19-24.

Mericske-Stern R, Zarb GA. In vivo measurements of some
functional aspects with mandibular fixed prostheses support-
ed by implants. Clin Oral Implants Res 1996;7:153-61.

Alkan I, Sertgdz A, Ekici B. Influence of occlusal forces on
stress distribution in preloaded dental implant screws. J
Prosthet Dent 2004;91:319-25.

Choi JH, Yang JH, Cho WP, Lee JB. The influence of abut-
ment screw length and repeated tightening on screw loosening
in dental implant. ] Korean Acad Prosthodont 2006;44:432-42.
Sopwith DG. The distribution of load in screw threads. Proc
Inst Mech Eng 1948;159:373-83.

Jemt T. Failures and complications in 391 consecutively in-
serted fixed prostheses supported by Brinemark implants in
edentulous jaws: a study of treatment from the time of pros-
thesis placement to the first annual checkup. Int J Oral
Maxillofac Implants 1991;6:270-6.

Jemt T, Lindén B, Lekholm U. Failures and complications in
127 consecutively placed fixed partial prostheses supported
by Branemark implants: from prosthetic treatment to first an-
nual checkup. Int ] Oral Maxillofac Implants 1992;7:40-4.
Luterbacher S, Fourmousis I, Lang NP, Bragger U. Fractured
prosthetic abutments in osseointegrated implants: a technical
complication to cope with. Clin Oral Implants Res 2000;11:163-



Screw loosening and changes in removal torque relative to abutment screw length in a dental implant with external abutment connection after oblique cyclic loading

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

70.

YiY, Koak JY, Kim SK, Lee §J, Heo S]. Comparison of im-
plant component fractures in external and internal type: A
12-year retrospective study. ] Adv Prosthodont 2018;10:155-
62.

Binon PP. The effect of implant/abutment hexagonal misfit
on screw joint stability. Int ] Prosthodont 1996;9:149-60.
McGlumphy EA, Mendel DA, Holloway JA. Implant screw
mechanics. Dent Clin North Am 1998;42:71-89.

Dixon DL, Breeding L.C, Sadler JP, McKay ML. Compatison
of screw loosening, rotation, and deflection among three im-
plant designs. | Prosthet Dent 1995;74:270-8.

Coppedé AR, Faria AC, de Mattos Mda G, Rodrigues RC,
Shibli JA, Ribeiro RE. Mechanical comparison of experimen-
tal conical-head abutment screws with conventional flat-head
abutment screws for external-hex and internal tri-channel im-
plant connections: an in vitro evaluation of loosening torque.
Int ] Oral Maxillofac Implants 2013;28:¢321-9.

Shin HM, Huh JB, Yun M], Jeon YC, Chang BM, Jeong CM.
Influence of the implant-abutment connection design and di-
ameter on the screw joint stability. ] Adv Prosthodont 2014;6:126-
32.

Feitosa PC, de Lima AP, Silva-Concilio LR, Brandt WC,
Neves AC. Stability of external and internal implant connec-
tions after a fatigue test. Eur ] Dent 2013;7:267-71.

Assun¢do WG, Delben JA, Tabata LF, Barao VA, Gomes EA,
Garcia IR Jr. Preload evaluation of different screws in exter-
nal hexagon joint. Implant Dent 2012;21:46-50.

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

Stockton LW. Factors affecting retention of post systems: a
literature review. ] Prosthet Dent 1999;81:380-5.

The Journal of Advanced Prosthodontics

421





