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Misfit of Three Different Implant-Abutment Connections 
Before and After Cyclic Load Application: An In Vitro Study 
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Purpose: This study aimed to evaluate the misfit of three different implant-abutment connections before 

and after cycling load. Materials and Methods: One hundred twenty dental implants and correspondent 

prefabricated titanium abutments were used. Three different implant-abutment connections were evaluated: 

Morse taper (MT group), external hexagon (EH group), and internal hexagon (IH group). Forty implants and 

40 abutments were used per group. The parameters for the mechanical evaluation were set as: 360,000 

cycles, load of 150 N, and frequency of 4 Hz. Samples were sectioned in their longitudinal and transversal 

axes, and the misfit of the implant-abutment connection was evaluated by scanning electron microscopy 

analysis. One-way analyses of variance, Tukey post hoc analyses (α = .05), and t test (P < .05) were used 

to determine differences between groups. Results: At the longitudinal direction, all the groups showed 

the presence of microgaps before cycling load; after cycling load, microgaps were reduced in all groups 

(P > .05). Transversally, only the MT group showed full fitting after cycling load compared with the other 

groups (EH and IH) (P < .0001). Conclusion: The application of cycling load produces an accommodation 

of the implant-abutment connection in internal, external, and Morse taper connections. In the longitudinal 

direction, the accommodation decreases and/or eliminates the gap observed initially (before load). In the 

horizontal direction, Morse cone implant-abutment connections experience a complete accommodation with 

the elimination of the gap. Int J Oral Maxillofac Implants 2017;32:822–829. doi: 10.11607/jomi.5629

Keywords: cyclic test, dental implant, implant-abutment interface, implant-supported prostheses, 
metallographic analysis

For some decades, dental implants with an ex-
ternal-hexagon connection have been used for 

replacement in single, partial, and edentulous pa-
tients.1–3 These implants had originally used the 

implant-abutment interface of an external-hexagon 
connection with 0.7 mm height.3 In experimental in 
vitro studies, external connections compared with in-
ternal connections showed lower fracture strength4; 
in addition, external-hexagon connections compared 
with internal-hexagon connections demonstrated a 
higher mean microgap (1.22 mm external hexagon vs 
0.97 mm internal hexagon).5 

Microleakage at the implant-abutment interface 
can happen,6 and bacteria have been observed within 
and between implant components.7 The system con-
sists of two or more parts that must be connected to 
each other, and there is a dimensional difference be-
tween the parts that allows for the connection.8 This 
dimensional difference determines the accuracy of the 
system and is referred to as “tolerance,” which is a valu-
able tool for the evaluation of the misfit caused by fab-
rication, processing, and wear.8  

There is a great deal of information about the clini-
cal consequences of a misfit between the implant and 
the prosthetic abutment.9–11 Discrepancies greater 
than 10 mm have biologic effects (eg, bacterial micro-
filtration),9 and produce inadequate mechanics (eg, 
the loosening and rotating of the screws) that may 
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lead to complete treatment failure.9 Discrepancies of 
10 mm or less do not seem to have consequences for 
the hard or soft tissues.11 Thus, the long-term success 
of a prosthetic restoration supported by an osseointe-
grated implant is directly related to the precision of fit 
of the prosthetic components. 

In this way, Ribeiro and colleagues (2011) related 
that the two most common causes of abutment screw 
loosening are excessive bending of the joint and a lack 
of precision components.12 

The implant and abutment are connected with a re-
tention screw with a torque level determined by the 
manufacturer. That torque produces a clamping force 
called “preload,” which is critical for preventing screw 
loosening.13 A lower preload allows significant micro-
motion in the joint.14 

These factors (the tolerance and the preload) dic-
tate the stability of the interface between the abut-
ment and implant and the strength of the interface 
when subjected to the loads produced by mastica-
tion.7,15 To replicate and evaluate the behavior of 
implant systems, the standard ISO 14801:2007 was de-
veloped with the intention to standardize these tests 
using cyclic fatigue.16 

However, there is a lack of references in the litera-
ture evaluating and comparing the mechanical be-
havior of external-hexagon, internal-hexagon, and 
Morse taper connections under cycling load. There-
fore, the aim of this study was to evaluate the longi-
tudinal and transversal interface tolerance of three 
different connections (MT, EH, and IH) before and af-
ter load cycling.

MATERIALS AND METHODS

Implant Characteristics and Preparation
A total of 120 titanium dental implants (Implacil De 
Bortoli Implants) with 4 mm in diameter and 11 mm 
in length and their respective standard titanium abut-
ments (Implacil De Bortoli Implants) were divided into 
three groups of 40 implants with different abutment 
connection designs: Morse taper (MT group), external 
hexagon (EH group), and internal hexagon (IH group) 
(Table 1 and Fig 1). 

The abutments were connected to the implants 
with a clamping force of 30 Ncm with a CME-30 Nm 
torque machine (Técnica Industrial Oswaldo Filizola). 
To limit the effect of settling of the screws, which could 
reduce the preload, the components were retightened 
to their respective torque values 10 minutes after the 
initial torque.16 

Load Cycling Application
Sixty sets (20 implant-abutment sets per group) were 
immersed in a rigid epoxy resin model GIV (Polipox) 
with a Young’s modulus of elasticity of 3.2 GPa, using cy-
lindrical acrylic tubes with 20 mm in diameter. The sets 
(implant-abutment) were immersed, leaving 3 mm of 
exposed implant to reproduce bone loss. Afterward, a 
metallic crown with a semi-circular shape was cement-
ed on each abutment using a zinc phosphate cement 
in accordance with the standard ISO 14801:200717 (Fig 
2). After the resin polymerization, the samples were im-
mersed in water at 37°C ± 2°C and placed on a mechan-
ical cycler (BioPDI), and 360,000 cycles of 150 ± 10 N of 

Table 1    Experimental Groups and Characteristics of Each Implant Model

Group Connection type
Implant diameter 

(mm)
Connection length 

(mm)
Connection diameter 

(mm) n

MT Morse taper 4.0 3.5 2.5 40

EH External hexagon 4.0 0.7 2.7 40

IH Internal hexagon 4.0 1.8 2.5 40

Fig 1    Schematic drawings of the (a) im-
plants and abutments and (b) internal con-
nection of each system used in this study.

a b
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controlled axial force were applied at 4 Hz (Fig 3), as 
used in publications of previous studies.18,19

Metallographic Preparation and Scanning 
Electron Microscopy Analysis
All samples (60 before load cycling and 60 after load cy-
cling) were fully embedded in metallographic resin Em-
bed-812 (EMS) for cutting and metallographic analyses 
of the interfaces. A metallographic cutter (Isomet 1000) 
was used to produce cuts in two directions in each of 
the implant-abutment sets. The cuts were made at the 
center of the longitudinal joint (n = 20 per group) and 
transverse (n = 20 per group) to the long axis in the 
center of the length of the connection (Fig 4). 

The resulting pieces were polished using a sequence 
of abrasive papers that were 240-, 320-, 400-, 600-, and 
1,200-grit abrasive (Polipox). Subsequently, the samples 
were cleaned in an ultrasonic bath with 96% isopropanol. 

These samples were analyzed with scanning elec-
tron microscopy (SEM) using a Philips XL30 (Philips) 
instrument to record a series of images based on sec-
ondary electrons (SEs). 

A magnification of 1,000× was used to examine the lon-
gitudinal cuts. For the EH and IH groups, three positions (p1 
to p3) were examined and measured in each side (right and 
left) of the image: p1 was in the more external border, p2 
was in the center, and p3 was in the more internal border 
(Fig 5a). Regarding the transverse cuts, a magnification of 
500× was used, and each sample of the EH and IH groups 
was measured at each interface of the hexagon at four 

positions and at each angle (ie, the right and left of the im-
age) and at 300 µm in the center direction (p1, p2, p3, and 
p4) according to the scheme presented in Fig 5b. 

For the implants of the MT group, the measurements 
were performed at four positions for the transverse cuts 
(Fig 6a) and at two positions on each side (right and left) of 
the image for the longitudinal cuts (Fig 6b). The measure-
ments were obtained with the aid of ImageJ software ver-
sion 1.44 (National Institutes of Health), as shown in Fig 7.

Statistical Analysis
The statistical analyses were performed using one-way 
analysis of variance (ANOVA) and subsequent Tukey 
tests. The t test was used to determine the significant 
differences between each group before and after the 
load cycling (P < .05). The statistical analyses were per-
formed using the SPSS 21.0 package (SPSS). Statistical 
significance was set at P < .05.

RESULTS

There was no loosening, separation, or fractures in 
any of the samples during the load cyclic test. Table 
2 shows the measurements between the walls before 
and after the mechanical cycling. 

Transverse Cuts 
All groups exhibited partial contact at the implant-
abutment interface without statistical differences 

Metallic  
crown

Abutment

Implant

Resin 
block

Fo
rc

e

Fig 2    (Left) Image showing a schematic 
of the details used in this study (ie, metal 
crown–shaped semi-circle, 3 mm without 
implant insertion, direction of the applied 
load).

Fig 3    (Right) Image showing the samples 
immersed in water at 37°C ± 2°C and 
placed on a mechanical cycler with the 
Biocycle machine.

a b

Fig 4    Images showing the two cut di-
rections applied to the samples for the 
analyses of the fits between the abut-
ments and implants: (a) longitudinal and 
(b) transverse.
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within the groups before the load (P = .021); in the 
EH and IH groups, the positions p3 and p4 showed no 
contact before and after the load applications. 

In the MT group, full contact at all walls of the im-
plant-abutment sets was found after the load cycling 
(P < .00001). The sequences in Fig 8 show the image 
from before the loading for each group. 

Longitudinal Cuts 
Before the load cycling, all groups exhibited space 
between the implant-abutment sets and the contacts 
in the different positions of each connection type af-
ter the torque (Fig 9). After the load application, all 
the groups exhibited complete contact between the 

Fig 5    Images showed the positions of 
the measurements of the fits between the 
abutments and implants in the in the EH 
and IH groups: (a) longitudinal cuts and (b) 
transverse cuts. 

a b

Fig 6    Images showing the positions of 
the measurements of the fits between the 
abutments and implants in the MT group: 
(a) longitudinal cuts and (b) transverse 
cuts. 

a b

Fig 7    Image showing the use of the mea-
surement software.

Table 2    Mean ± SD Values of Contact 
Measurements Between Walls of 
Implant-Abutment Sets Before and 
After Mechanical Cycling Load in 
Longitudinal and Transversal Cuts 

Groups

Longitudinal cut (µm) Transversal cut (µm)

Before 
load 

After 
load

Before  
load 

After  
load

MT 4.0 ± 1.0 0 13.0 ± 2.1 0

EH 4.1 ± 0.9 0 15.3 ± 4.9 11.5 ± 3.8

IH 3.6 ± 0.9 0 13.8 ± 4.2 10.6 ± 3.7
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interfaces. The sequences in Fig 10 show the image 
from before and after the loading for each group. 
No statistical differences were observed among the 
groups before and after the load (P = .408).

DISCUSSION

The present study evaluated the misfit of the interface 
between the abutments and implants of three different 
connections (EH, IH, MT) before and after the application 
of mechanical load cycling. Two sections were analyzed 

(longitudinal and transversal) to understand how the 
load cycling affects different levels of the interfaces. 

The transversal section was included because it al-
lowed a 360-degree view and analysis of the implant-
abutment connection and gave information about 
the rotational freedom. The observations were more 
meaningful at the MT connection, in which the con-
nection showed full contact even before the applica-
tion of the cycling load. 

Several studies have shown the benefits of implants 
with an MT connection over the implants with an IH 
connection20; however, many professionals continue 

Fig 8    Scheme of the contact positions of 
the sets before the load for the MT, EH, 
and IH groups, respectively. 

Fig 9    Sequence of images of transversal 
cuts showing the groups before and after 
the load application. I = implant; A = abut-
ment; S = screw.

Before After

MT
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IH
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using these implants with high success rates, even in 
unit rehabilitations. Theoharidou et al, in a systematic 
review, showed that abutment  screw loosening is a 
rare event in single-implant restorations regardless of 
the geometry of the implant-abutment connection.21 
Furthermore, in vitro studies of bacterial microleakage 
showed that the three implant-abutment connections 
(EH, IH, and MT) showed some contamination.22,23  

Various techniques have been used to analyze the 
implant-abutment interface, including human observa-
tion of samples under magnification, measurements of 
the cross sections, impression techniques, three-dimen-
sional microtomographic techniques, and others.23–25 In 
the present study, SEM measurements were chosen for 
their precision and simplicity, similar to other studies de-
veloped by the present group of authors.18,19,26,27 

After the application of mechanical cycling (cor-
responding to 1 year of loading), microgaps were re-
duced or no longer observed between the abutments 
and the implants in all groups, which confirmed the 
hypothesis that the abutment contact increases after 
load application.24,25 

The mechanical cycling altered the fit between 
the implant and the abutment in all groups. Thus, in-
creased contact between the implant-abutment con-
nection might improve the resistance to loosening 
and prevent the entry of bacteria and fluids.27–29

Studies have reported vertical misfits between 2.3 
and 6.4 mm for machined abutments with different 
connections.30,31 In the present study, the measure-
ments were performed after assembly without load 
and after assembly with load application. The results 
revealed that all the connections exhibited better fits 
after the load applications. 

Misfits between the components of screwed con-
nections have been considered to be possible causes of 
mechanical complications, such as screw loosening and/
or fractures.32,33 Some studies have reported that frame-
works that are cast as single pieces exhibit distortions that 
compromise their accurate fit to the implant-abutment 
interface.33,34 Although misfit has been indicated as a pos-
sible cause of the loosening of retention screws,31,35 no 
evidence relating the level of misfit and its relation with 
the percentage of screw loosening have been described.   

Fig 10    Sequence of images of longitu-
dinal cuts showing the groups before and 
after the load application. I = implant; A = 
abutment.

Before After

Group 1

I A I A

I

A

I

A

I
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The results obtained in this study led the authors to 
hypothesize that two factors are responsible for the mi-
crogap changes and variations in micromovement of 
the implant-abutment connection: first, the differences 
in the torque of the internal- and external-hexagon im-
plants compared with the torque of the Morse taper 
implants demonstrated in previous studies,16 which 
are directly related to the micromovement of the as-
sembled parts (implant and abutment); and second, 
the assembly adjustments caused by the deformations 
after load. 

The stability of a screwed connection is directly re-
lated to the preload achieved during the torqueing.30 
A dynamic finite element analysis revealed that with 
repetitive cycles of load application, a lack of contact 
between the head of the screw and the prosthesis was 
observed, which indicates that unscrewing and failure 
could be caused by this separation and by the higher 
levels of stress that are generated over the screws.35,36 
In addition, the lack of adaptation between the im-
plant-abutment components will facilitate the rotation 
of the abutment screw (screw loosening) or the abut-
ment part (abutment loosening).

Some studies have suggested a correlation between 
the misfit at the implant-abutment interface and screw 
loosening,30,32,35–38 but no studies have examined the 
correlation between unscrewing and the level of ver-
tical misfit, and few studies have evaluated the inter-
action between the external hexagon of the implant 
and the internal hexagon of the abutment or rotational 
freedom.37,38 

In a dynamic analysis, Cibirka et al (2001) evaluat-
ed the differences in the torque required to unscrew 
abutment screws after fatigue tests while altering the 
dimensions of the external and internal hexagons or 
eliminating the external hexagon.31 These authors 
observed applied torque losses of 48% to 55%. Binon 
(1996) and Binon and McHugh (1996) evaluated the 
misfits between the external hexagons of implants 
and the internal hexagons of abutments and the un-
screwing of the abutments during simulated oral func-
tion.39,40 A direct correlation was observed between 
the rotational freedom at the implant-abutment con-
nection and screw loosening.

Previously reported fatigue tests were used to simu-
late masticatory loading on the implants and to deter-
mine the stabilities of the interfaces. Variations in the 
numbers of load cycles, frequencies of loading, direc-
tion of the load, forms of application, and other factors 
vary greatly, and the comparison with this study was 
not possible.16,39–45 

The first time that an abutment screw is tightened 
within an implant, contact between the implant and 
the threads of the screw occurs only via the micror-
oughnesses of the surfaces. A reduction of 2% to 10% 

in preloading should occur within the first few seconds 
or minutes after clenching due to the relaxation phe-
nomenon that is termed “settling.”16 Therefore, in this 
study, the abutment screws were retightened to the 
initial torque value 10 minutes later.16

The different style of the Morse taper connection 
system has advantages over hexagonal connections 
because this connection type works with the fric-
tion between two walls, ie, the wall of the internal 
implant (diverging taper) and the outer wall of the 
abutment (convergent taper).46–48 A screw receives 
the tightening torque to settle the implant and con-
trol the friction between the walls. The intimate con-
tact between the implant and the abutment reduces 
micromotion because the two parts behave as a sin-
gle structure.24,25 

There are some drawbacks in the present work. First, 
the forces were applied axially, which works mainly 
for premolar and molar regions49; therefore, there is 
a lack of information for the effect of nonaxial forces 
on the implant-abutment interfaces produced by mis-
placed teeth/implant restorations or orofacial move-
ment disorders.50 Second, the forces were controlled, 
which excluded the probable effect of parafunctional 
noncontrolled forces on the implant-abutment inter-
face.51 Third, the results of an in vitro study cannot be 
extrapolated to the clinical setting. 

CONCLUSIONS 

Within the limitations of this experimental study, it can 
be concluded that the application of cycling load pro-
duces an accommodation of the implant-abutment 
connection in internal, external, and Morse taper con-
nections. In the longitudinal direction, the accommo-
dation decreases and/or eliminates the gap observed 
initially (before load). In the transversal cuts, Morse 
cone implant-abutment connections experience a 
complete accommodation with the elimination of the 
gap.  The presence of implant-abutment misfit results 
in an increment of the wear and deformation of the 
implant-abutment components after cycling loading 
plus screw loosening after preload loosening. To re-
duce the wear, deformation, and risk of fracture of the 
implant-abutment components, as well as reduce the 
screw loosening, implant-abutment connections with 
a Morse taper connection are recommended. 

ACKNOWLEDGMENTS

The authors acknowledge Implacil De Bortoli Implants (São Pau-
lo, SP, Brazil). The authors declare that they have no conflicts 
of interest. 

© 2017 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



The International Journal of Oral & Maxillofacial Implants 829

Gehrke et al

REFERENCES

1. 	Lenchewski E. Esthetics and implant surgery. In: Aschheim KW, Dale 
BG (eds). Esthetic Dentistry: A Clinical Approach to Techniques and 
Materials, ed 2. St. Louis: Mosby, 2001:429–440. 

2. 	Prithviraj DR, Gupta V, Muley N, Sandhu P. One-piece implants: 
Placement timing, surgical technique, loading protocol, and mar-
ginal bone loss. J Prosthodont 2013;22:237–244. 

3. 	Salinas TJ, Sadan A. Establishing soft tissue integration with 
natural tooth-shaped abutments. Pract Periodontics Aesthet Dent 
1998;10:35–42.

4. 	Steinebrunner L, Wolfart S, Ludwig K, Kern M. Implant-abutment 
interface design affects fatigue and fracture strength of implants. 
Clin Oral Implants Res 2008;19:1276–1284.

5. 	Gil FJ, Herrero-Climent M, Lázaro P, Rios JV. Implant-abutment 
connections: Influence of the design on the microgap and their 
fatigue and fracture behavior of dental implants. J Mater Sci Mater 
Med 2014;25:1825–1830.

6. 	Broggini N, McManus LM, Hermann JS, et al. Persistent acute 
inflammation at the implant-abutment interface. J Dent Res 
2003;82:232–237.

7. 	Aloise JP, Curcio R, LaPorta MZ, Rossi L, da Silva AM, Rapoport A. 
Microbial leakage through the implant-abutment interface of Morse 
taper implants in vitro. Clin Oral Implants Res 2010;21:328–335.

8. 	Braian M, De Bruyn H, Fransson H, Christersson C, Wennerberg 
A. Tolerance measurements on internal- and external-hexagon 
implants. Int J Oral Maxillofac Implants 2014;29:846–852.

9. 	Jansen VK, Conrads G, Richter EJ. Microbial leakage and marginal 
fit of the implant-abutment interface. Int J Oral Maxillofac Implants 
1997;12:527–540. 

10. 	Vidigal GM Jr, Novaes AB Jr, Chevitarese O, de Avillez RR, Groisman 
M. Evaluation of the implant-connection interface using scanning 
electron microscopy. Braz Dent J 1995;6:17–23. 

11. 	al-Turki LE, Chai J, Lautenschlager EP, Hutten MC. Changes in 
prosthetic screw stability because of misfit of implant-supported 
prostheses. Int J Prothodont 2002;15:38–42. 

12. 	 Ribeiro CG, Maia ML, Scherrer SS, Cardoso AC, Wiskott HW. Resistance 
of three implant-abutment interfaces to fatigue testing. J Appl Oral Sci 
2011;19:413–420.

13. 	Jemt T, Book K. Prosthesis misfit and marginal bone loss in edentulous 
implant patients. Int J Oral Maxillofac Implants 1996;11:620–625. 

14. 	Quek HC, Tan KB, Nicholls JI. Load fatigue performance of four 
implant-abutment interface designs: Effect of torque level and 
implant system. Int J Oral Maxillofac Implants 2008;23:253–262.

15. 	Lang LA, Kang B, Wang RF, Lang BR. Finite element analysis to 
determine implant preload. J Prosthet Dent 2003;90:539–546.

16. 	Breeding LC, Dixon DL, Nelson EW, Tietge JD. Torque required to 
loosen single-tooth implant abutment screws before and after 
simulated function. Int J Prosthodont 1993;6:435–439.

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

18. 	Gehrke SA, Poncio da Silva PM, Calvo Guirado JL, et al. Mechani-
cal behavior of zirconia and titanium abutments before and after 
cyclic load application. J Prosthet Dent 2016;116:529–535.

19. 	Gehrke SA, De Carvalho Serra R. Load fatigue performance of 
conical implant-abutment connection: Effect of torque level and 
interface junction. Minerva Stomatol 2015;64:1–7.

20. 	Gratton DG, Aquilino SA, Stanford CM. Micromotion and dynamic 
fatigue properties of the dental implant-abutment interface. J 
Prosthet Dent 2001;85:47–52.

21. 	Theoharidou A, Petridis HP, Tzannas K, Garefis P. Abutment screw 
loosening in single-implant restorations: A systematic review. Int J 
Oral Maxillofac Implants 2008;23:681–690. 

22. 	Tripodi D, Vantaggiato G, Scarano A, et al. An in vitro investiga-
tion concerning the bacterial leakage at implants with internal 
hexagon and Morse taper implant-abutment connections. Implant 
Dent 2012;21:335–339. 

23. 	da Silva-Neto JP, Nóbilo MA, Penatti MP, Simamoto PC Jr, das Neves 
FD. Influence of methodologic aspects on the results of implant-
abutment interface microleakage tests: A critical review of in vitro 
studies. Int J Oral Maxillofac Implants 2012;27:793–800.

24. 	Boeckler AF, Morton D, Kraemer S, Geiss-Gerstdorfer J, Setz JM. 
Marginal accuracy of combined tooth-implant-supported fixed 
dental prostheses after in vitro stress simulation. Clin Oral Implants 
Res 2008;19:1261–1269.

25. 	Meleo D, Baggi L, Di Girolamo M, Di Carlo F, Pecci R, Bedini R. 
Fixture-abutment connection surface and micro-gap measure-
ments by 3D micro-tomographic technique analysis. Ann Ist Super 
Sanita 2012;48:53–58.

26. 	Gehrke SA, Shibli JA, Aramburú Junior JS, de Val JE, Calvo-Girardo JL, 
Dedavid BA. Effects of different torque levels on the implant-abut-
ment interface in a conical internal connection. Braz Oral Res 2016;30. 

27. 	Gehrke SA, Pereira Fde A. Changes in the abutment-implant inter-
face in Morse taper implant connections after mechanical cycling: 
A pilot study. Int J Oral Maxillofac Implants 2014;29:791–797. 

28. 	Standlee JP, Caputo AA, Chwu MY, Sun TT. Accuracy of mechanical 
torque-limiting devices for implants. Int J Oral Maxillofac Implants 
2002;17:220–224. 

29. 	Oh TJ, Yoon J, Misch CE, Wang HL. The causes of early implant 
bone loss: Myth or science? J Periodontol 2002;73:322–333.

30. 	Ricomini Filho AP, Fernandes FS, Straioto FG, da Silva WJ, Del 
Bel Cury AA. Preload loss and bacterial penetration on different 
implant-abutment connection systems. Braz Dent J 2010;21:123–129.

31. 	Cibirka RM, Nelson SK, Lang BR, Rueggeberg FA. Examination of 
the implant-abutment interface after fatigue testing. J Prosthet 
Dent 2001;85:268–275.

32. 	Kano SC, Binon PP, Curtis DA. A classification system to measure 
the implant-abutment microgap. Int J Oral Maxillofac Implants 
2007;22:879–885.

33. 	Tsuge T, Hagiwara Y, Matsumura H. Marginal fit and microgaps of 
implant-abutment interface with internal anti-rotation configura-
tion. Dent Mater J 2008;27:29–34.

34. 	Goodacre CJ, Kan JY, Rungcharassaeng K. Clinical complications of 
osseointegrated implants. J Prosthet Dent 1999;81:537–552.

35. 	Eliopoulos D, Torsello F, Cordaro L. Marginal discrepancies of Ni/Cr 
crowns for a soft tissue-level, trans-mucosal implant system. Clin 
Oral Implants Res 2013;24(suppl):s82–s87. 

36. 	Riedy SJ, Lang BR, Lang BE. Fit of implant frameworks fabricated 
by different techniques. J Prosthet Dent 1997;78:596–604.

37. 	Jokstad A, Shokati B. New 3D technologies applied to assess the 
long-term clinical effects of misfit of the full jaw fixed prosthesis 
on dental implants. Clin Oral Implants Res 2015;26:1129–1134.

38. 	Sakaguchi RL, Borgersen SE. Nonlinear finite element contact 
analysis of dental implant components. Int J Oral Maxillofac Im-
plants 1993;8:655–661.

39. 	Binon PP. The effect of implant/abutment hexagonal misfit on 
screw joint stability. Int J Prosthodont 1996;9:149–160.

40. 	Binon PP, McHugh MJ. The effect of eliminating implant/abutment rota-
tional misfit on screw joint stability. Int J Prosthodont 1996;9:511–519.

41. 	Khraisat A, Abu-Hammad O, Dar-Odeh N, Al-Kayad AM. Abutment 
screw loosening and bending resistance of external hexagon 
implant system after lateral cyclic loading. Clin Implant Dent Relat 
Res 2004;6:157–164.

42. 	Khraisat A, Stegaroiu R, Nomura S, Miyakawa O. Fatigue resistance of 
two implant/abutment joint designs. J Prosthet Dent 2002;88:604–610. 

43. 	Hecker DM, Eckert SE. Cyclic loading of implant-supported 
prostheses: Changes in component fit over time. J Prosthet Dent 
2003;89:346–351.

44. 	Akour SN, Fayyad MA, Nayfeh JF. Finite element analyses of two an-
tirotational designs of implant fixtures. Implant Dent 2005;14:77–81.

45. 	Dixon DL, Breeding LC, Sadler JP, McKay ML. Comparison of screw 
loosening, rotation, and deflection among three implant designs. J 
Prosthet Dent 1995;74:270–278.

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

47. 	Esposito M, Maghaireh H, Pistilli R, et al. Dental implants with 
internal versus external connections: 1-year post-loading results 
from a pragmatic multicenter randomised controlled trial. Eur J 
Oral Implantol 2015;8:331–344.

48. 	Pita MS, Anchieta RB, Barão VA, Garcia IR Jr, Pedrazzi V, Assunção 
WG. Prosthetic platforms in implant dentistry. J Craniofac Surg 
2011;22:2327–2331.

49. 	Mericske-Stern R, Venetz E, Fahrländer F, Bürgin W. In vivo force 
measurements on maxillary implants supporting a fixed prosthesis 
or an overdenture: A pilot study. J Prosthet Dent 2000;84:535–547.

50. 	Clark GT, Ram S. Orofacial movement disorders. Oral Maxillofac 
Surg Clin North Am 2016;28:397–407.

51. 	Sakamoto K, Homma S, Takanashi T, et al. Influence of eccentric cyclic 
loading on implant components: Comparison between external joint 
system and internal joint system. Dent Mater J 2016;35:929–937.

© 2017 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 




