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Background and Aim: Oral bacteria can proliferate in the implant-abutment inter-
face (IAI) and cause inflammation in the peri-implant tissues and adjacent bone. This 
study aimed to assess the effect of zirconia and titanium abutments on the microleak-
age of the IAI under oblique cyclic loading conditions.
Materials and Methods: In this in-vitro study, 12 implant-abutment assemblies with 
zirconia and titanium abutments, in two groups of six, were vertically mounted in-
side resin blocks modified with autopolymerizing polyester base. The specimens were 
subjected to 75N oblique cyclic loading at an angle of 30±2° to the longitudinal axis 
of the implant at a frequency of 1 Hz at 500,000 cycles, which is equivalent to 20 
months of human masticatory force. Fuchsine solution was used to evaluate the mi-
croleakage. To examine the penetration of fuchsine into the IAI, the fixtures were cut 
from the middle using a cutting machine. Then, the amount of fuchsine penetration in 
each of the samples was measured with a stereomicroscope at ×75 magnification at 
three points in each semicircle (cut implant), and the average of these six points was 
recorded as microleakage (µm). T-test was used to compare the microleakage after 
load with the significance level set at 0.05.
Result: The microleakage rate after cyclic loading was 66.08±11.66 µm in zirconia 
abutments and 39.17±10.65 µm in titanium abutments, which was significantly higher 
with zirconia abutments (P=0.002).
Conclusion:Microleakage after oblique cyclic loading varies depending on the type 
of abutment. Titanium abutments showed significantly less microleakage than zirco-
nia abutments.
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Introduction: 
 Microleakage through the gap at the implant-
abutment interface (IAI) is still one of the chal-
lenges of two-piece implant treatment.(1-8) In an 
in-vitro study, the prevalence of microleakage in 
Morse taper implants was reported to be 20%.(9)

All two-piece implant systems include two main 
parts of endosteal fixture and prosthesis-support-
ing abutment.(10-12) Inevitably, in all two-piece im-
plants, the gap size increases or decreases during

the application of force to the assembly, which 
leads to a pumping effect.(13-15) The pumping 
effect is the passage of fluids when the im-
plant is subjected to functional forces, which 
increases the concentration of bacterial me-
tabolites in the peri-implant area.(16)

Factors that affect the microleakage include 
the implant system used, the geometry of the 
IAI, the precision of fit, micromovements, the 
applied torque, and occlusal forces.(16-20)
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 In the event of microleakage, deep pockets 
containing anaerobic bacteria form around the 
implant within 3-6 months.(21) Following the 
pocket formation, bacterial adhesion, increased 
bacterial byproducts, and finally, pre-implant 
boneloss will occur, which are the primary cause 
of long-term failures in the implant.(21-23)

 Various techniques have been proposed to re-
duce microleakage, including the use of different 
types of implant-abutment connection, the use of 
silicone gel sheets, application of different tor-
ques to connect implants and abutments, and the 
use of different types of abutment.(23-25) The mate-
rial of the abutment has a definite effect on the 
aesthetic appearance and function of an implant 
restoration.(26) Titanium abutments are considered 
as the gold standard in implant reconstructions 
due to their good stability and acceptable bio-
compatibility.(26) Recently, however, the aesthetic 
needs of patients to reconstruct a single-tooth 
space by implant-based restoration, especially 
in anterior areas, have challenged clinicians.(27,28) 

The introduction of modern high-strength ce-
ramic abutments has provided a new opportunity 
for the restoration of missing teeth in the esthetic 
zone. (26) So far, various bacteria or dyes such as 
fuchsine, rhodamine B, and toluidine blue, have 
been used to measure microleakage in crowns, 
composite restorations, and IAIs.(3,29,30) Smith and 
Turkyilmaz evaluated the sealing capability of ti-
tanium and zirconia abutments with two differ-
ent screw torque values against Porphyromonas 
gingivalis, Prevotella intermedia, and Fusobacte-
rium nucleatum.(23) They showed that in titanium 
abutments, changing the amount of torque from 
20 N.cm to 35 N.cm would not have a significant 
effect on microleakage. It was generally reported 
that titanium abutments show smaller microgaps 
compared to zirconia abutments but tightening 
zirconia abutments from 20 N.cm to 35 N.cm 
reduces the size of the microgap.(23) Abdelhamed 
and colleagues compared the microleakage of 
the IAI in two types of abutments, zirconia and 
titanium, in non-loading conditions.(31) They 
stated that time, type of abutment, and amount of 
torque play a key role for leakage from the inter-
nal chamber of the implant to the external milieu 
while for leakage from the external milieu to the 
internal chamber, only two factors of time and 
type of abutment are effective.(31) Several studies 

have examined the factors affecting screw loos-
ening,(1,2,4,6,7) but little information is available 
on the effect of abutment type on microleakage. 
(4,24) Therefore, this study evaluated the effect of 
two types of abutments, zirconia and titanium, on 
the microleakage of the IAI under oblique cyclic 
loading in vitro.

Materials and Methods:
  This in-vitro experimental study was per-
formed to assess the microleakage of the IAI 
under oblique cyclic loading in zirconia and tita-
nium abutments at the Prosthodontic and Implant 
Department of the Faculty of Dentistry of Islamic 
Azad University of Medical Sciences, Tehran, 
Iran.
 The implant system used was the Osstem 
implant (Osstem Co., Seoul, South Korea) with 
the 11° Morse taper contact area geometry. Be-
cause this type of implant-abutment connection 
is mostly used today, it was also considered in 
this research.(7,11) The 12 zirconia and titanium 
abutments were all straight with a diameter of 4.5 
mm, a gingival height of 5 mm, and a height of 
7 mm. The 12 implants had a length of 10 mm 
and a diameter of 4 mm and were all made of 
titanium.
 First, the implants were mounted vertically in-
side resin blocks modified with autopolymerized 
polyester base (Technovit 4000; Heraeus Kulzer 
GmbH & Co., Wehrbein, Germany) with a length 
of 19 mm and a diameter of 34 mm (Figures 1 
and 2).(27,31) 

 

Figure 1-Mounted specimens of zirconia abut-
ments (left) and titanium abutments (right).
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Figure 2: Mounted sample with a
 cemented steel cap

 This resin had a coefficient of elasticity of 12 
GPa, which is similar to the coefficient of elas-
ticity of bone tissue (13.7 GPa). To prepare this 
resin, the powder and liquid were mixed in the 
same manner for all samples, according to the 
manufacturer’s instructions.(31) To increase the 
accuracy of the vertical mounting of implants 
inside the blocks, a dental surveyor (J.M. Ney 
Co., Bloom field, CT, USA) was used.(6) In the 
next step, 12 mounted implants were randomly 
divided into two groups (6 in each group).(3) Six 
zirconia abutments were installed for group one 
and six titanium abutments for group two.(3)

 To increase the accuracy of the work, one 
operator performed all steps. (31) The abutments 
were fastened using a digital torque meter (Lu-
tron Electronic Enterprise Co., Taiwan) with a 
torque of 30 N.cm, according to the recommen-
dation of the manufacturer. (7,11) Ten minutes later, 
all samples were retorqued with 30 N.cm.(4) This 
has been recommended in many articles to com-
pensate for the settling effect and achieve opti-
mum preload.(17) Each sample inside the jig was 
held by a plastic or polymer holder at an angle of 
30±2° according to ISO 14801.(4,7)

 In this study, a cyclic loading device (Chew-
ing Simulator CS-4, Mechatronik, Germany) was 
used to simulate human masticatory forces. (4,5) 
A 75N force at a 1 Hz frequency in 500,000 cy-
cles, which is equivalent to 20 months of aver-
age human masticatory force, was periodically 
applied to the implant-abutment assembly at an 
angle of 30° and a distance of 11 mm from the 
implant support level by the device (Chewing 
Simulator CS-4, Mechatronic, Germany). Also, 
according to ISO 14801, the loading point dis-
tance from the implant support level was 11 mm. 

(4) For this purpose, 12 semi-spherical stainless 
steel caps were made according to the form of 
the abutments and were cemented on the abut-
ments with temporary cement (Temp bond, Kerr, 
America) and a force of 15N.(4) Therefore, the 
specimens were subjected to 75N oblique load-
ing at an angle of 30±2° to the longitudinal axis 
of the implant at a frequency of 1 Hz in 500,000 
cycles, which is equivalent to 20 months of hu-
man masticatory force (Figure 3).(4) 

 

Figure 3: Sample under force application

 To evaluate the microleakage from the out-
side into the IAI, fuchsine solution (Fuchsine, 
Merck, Germany), 0.5% by weight (0.5% basic 
fuchsine), was used.(30)  For this purpose, the up-
per surface of the contact of the abutments was 
first sealed with a layer of rose wax and a layer 
of nail polish so that the fuchsine solution did not 
penetrate the abutments from above. Fuchsine 
solution was prepared according to the factory 
instructions. All samples were immersed in this 
solution and incubated at 37°C for 24 hours, and 
then, the samples were removed.(4,30)

 To evaluate the microleakage, the abutment 
screw was removed using a wrench, and the abut-
ments were separated from the fixture. To inves-
tigate the penetration of fuchsine into the IAI, the 
fixtures were cut from the middle using a cutting 
machine (Mecatome T-201A, Presi France).(4) 

Then, the penetration of fuchsine in each of the 
samples was measured with a stereomicroscope 
at ×75 magnification (Nikon, SMZ800N, Japan) 
at three points of each semicircle (cut implant). 
The average of these six points was recorded 
as the microleakage of each sample in microns 
(µm). (4,6)
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 The mean and SD for microleakage after cy-
clic loading was 66.08±11.66 µm in the zirconia 
group and 39.17±10.65 µm in the titanium group, 
which were compared in Table 2 and Diagram 1. 

 

Figure 4b: Fuchsine penetration in samples of zir-
conia abutment group at ×75 magnification of elec-
tron microscope

Based on the results of t-test (Table 2), it was 
found that the amount of microleakage following 
oblique cyclic loading in the group of zirconia 
abutments was significantly higher compared to 
the titanium abutment group (P=0.002).

 

Diagram 1: Mean microleakage in zirconia and ti-
tanium abutments after cyclic loading

Statistical Analysis: 
 In this study, one person blindly performed 
all laboratory operations under the same condi-
tions to prevent measurement bias and to avoid 
confounding variables such as the amount of 
force applied, angle of force applied, frequency 
of applied force, number of cycles, loading point 
distance to the surface of the cylinder, and the 
placement angle of the implant-abutment). All 
the factors related to the abutment and implant 
were the same in all samples.
 According to the results of the study by Ab-
delhamed et al (31) and using the power option 
of one-way analysis of variance (ANOVA) in 
PASS 11 software, considering α=0.05, β=0.2, 
the average difference of 3 units, and the mean 
standard deviation (SD) of 16, the minimum 
sample size in each study group was selected to 
be six samples. For statistical analysis, consid-
ering that the data followed a normal distribu-
tion according to the Kolmogorov-Smirnov test, 
t-test was used to compare microleakage after 
load. All tests were performed in SPSS (Version 
22; SPSS Inc., Chicago, IL, USA) with the sig-
nificance level set at 0.05.

Results:
 In this study, 12 implant-abutment assem-
blies, including six zirconia abutments and six 
titanium abutments, were compared in terms of 
microleakage after force application. The aver-
age amount of microleakage in the samples after 
cyclic loading is shown in Table 1 and Figure 4. 

Table 1. Statistical results of the average microle-
akage after oblique cyclic loading in the samples

Group Sample
number

Microleakage (µm)

Zirconia

1 56.876
2 64.815
3 53.930
4 72.353
5 62.587
6 85.964

Titanium

1 31.454
2 49.690
3 51.557
4 28.320
5 44.661
6 29.385

 

Figure 4a: Fuchsine penetration in samples of 
titanium abutment group at ×75 magnification 
of electron microscope
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(I) power Mean Difference (I-J) Std. Error Sig. 

1
2 -.85000* 0.21602 0.009 

3 -2.00000* 0.21602 0.000 

2
1 .85000* 0.21602 0.009 

3 -1.15000* 0.21602 0.001 

3
1 2.00000* 0.21602 0.000 

2 1.15000* 0.21602 0.001 

 

Table 2. Mean and standard deviation (SD) for microleakage after cyclic loading

Abutment Number Minimum Maximum Microleakage

Zirconia
Microleakage after 

applying force
6 53.930 µm 

85.964 

µm 

66.08±11.66 

µm 

Titanium
Microleakage after 

applying force
6 28.320 µm 

51.557 

µm 

39.17±10.65 

µm 

P-Value P<0.002

 

Discussion:
In this in-vitro study, the microleakage of tita-
nium and zirconia abutments was investigated 
under 75N oblique cyclic loading at an angle of 
30±2° to the longitudinal axis of the implant at a 
frequency of 1 Hz in 500,000 cycles. Titanium 
abutments showed significantly less microleak-
age than zirconia abutments.
One of the basic considerations when placing im-
plant-based restorations is to minimize the num-
ber of bacteria that colonize the transmucosal 
portion of the restoration.(32) Most implants today 
have two main parts, including the endosteal part 
and the transmucosal part (abutment). When the 
abutment is placed on the implant, it creates a 
microspace called the IAI.(2) Studies have shown 
that oral microbiota can proliferate in this space 
and cause inflammation in the peri-implant tis-
sues and adjacent bone.(2,33) Bacterial colonization 
in the IAI depends on several factors, including 
the precise adjustment between the implant com-
ponents, the torque between these components, 
and the force exerted on the implants when 
placed in the oral cavity and function.(11) In the 
present study, to simulate the clinical condi-
tions of occlusal force transfer in the oral 
environment on the abutments, the oblique 
force was used as cyclic loading. A 30° an-
gle of force was used to simulate the occlusal 
relationship and functional forces applied to 

the roots of maxillary and mandibular incisors.(34) 

When transmitting masticatory forces to the abut-
ment-restoration assembly, the lateral component 
of force is responsible for creating bending mo-
ments. Non-axial forces on the anterior maxil-
lary teeth also cause more stress in the facial and 
lingual surfaces of the IAI.(34) Therefore, in the 
present study, cyclic loading at an angle of 30° 
and a frequency of 1 Hz in 500,000 cycles, which 
is equivalent to 20 months of human masticatory 
force, was used. In other studies, similar condi-
tions have been used to study microleakage in the 
IAI (Larrucea et al, 2018; Koutouzis et al, 2016; 
Do Nascimento et al, 2012).(2,4,15)

 In the present study, it was observed that de-
spite observing all aspects, such as proper torque 
when securing the abutment, microleakage was 
present in both zirconia and titanium abutments. 
Contrary to the findings of the present study, 
Koutouzis et al (2014) stated that Morse taper 
implant systems show partial bacterial infiltra-
tion into the IAI.(35) By causing microvoments in 
the IAI, dynamic loading creates a pumping ef-
fect and increases bacterial penetration.(36) On the 
other hand, in agreement with the present study, 
Harder et al (2012) and Tripodi et al (2015) re-
ported that conical IAI did not prevent microle-
akage at the molecular level even under unloaded 
conditions.(14,37) In general, studies have shown 
that implants with Morse taper connection show 
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more resistance to bacterial microleakage com-
pared to external hexagon implants, but in any 
case, some microleakage will be present at the 
molecular level despite observing all the condi-
tions.(38) Therefore, due to less microleakage re-
ported in previous studies, Morse taper implants 
were used in the present study.(5)

 Various in-vivo studies have shown the poten-
tial for microbial leakage from IAI under loading 
and non-loading conditions (Baggi et al, 2013; 
Gherlone et al, 2016).(18,39) Despite this, in-vitro 
studies are useful for understanding the dynam-
ics of the IAI and thus enhancing the microspace 
design. In a study by Martin-Gili et al (2015), it 
was found that external hexagon implants had the 
highest microbial penetration into the IAI under 
load and non-load conditions.(40) This partly ex-
plains the histological findings of in-vivo stud-
ies of increased connective tissue inflammation 
around external hexagon implants.
 In the present study, it was observed that zir-
conia abutments exhibited significantly more 
microleakage after oblique cyclic loading com-
pared to titanium abutments. Findings similar 
to the present study have been reported in vari-
ous studies. In a study by Smith and Turkyilmaz 
(2014), it was observed that in external hexagon 
implants with titanium abutment, the size of mi-
crogap was significantly smaller compared to zir-
conia abutment, and when the torque increased 
from 20 N.cm to 35 N.cm, the microgap size of 
zirconia abutment decreased.(23) Comparing ti-
tanium and zirconia abutments under loading 
conditions, Cavusoglu et al (2014) reported that 
the IAI showed more microleakage in zirconia 
abutments that had progressed toward the screw 
joint.(41) The researchers attributed this finding 
to the fact that IAI wear in zirconia abutments 
was 8.3 times that of titanium abutments. They 
concluded that zirconia/titanium IAIs were more 
susceptible to abrasion and deformation of the 
implant neck than conventional titanium/titanium 
IAIs. In the study by Abdelhamed et al (2015), it 
was found that the microleakage of zirconia abut-
ment when using 15 N.cm torque to secure the 
abutment was significantly higher compared to 
25 N.cm torque.(31) Comparing the findings with 
similar studies, it can be concluded that more 
microleakage observed in zirconia abutments is 
probably due to fatigue, more wear of compo-

nents, and inhibition of mating in zirconia abut-
ments, which lead to more leakage of fuchsine 
dye.
 Several recent studies have reported conflict-
ing findings with the current study. Rismanchian 
et al (2012) did not find any significant differ-
ences in microleakage between cast on, casta-
ble, solid, and synocta abutments.(17) In a study 
by Larrucea et al (2018), microgaps associated 
with zirconia abutments were significantly small-
er than those of titanium abutments.(15) The dis-
crepancy between these studies and the current 
study may be due to differences in how zirconia 
is sintered, different implant systems and labo-
ratory conditions, and force applied. In general, 
the findings of this study show that microleakage 
following oblique cyclic loading in zirconia abut-
ments is significantly higher than that of titanium 
abutments. Therefore, zirconia abutments should 
be used with caution in situations where a large 
occlusal force is expected on the abutment. There 
is a need for more controlled clinical research to 
facilitate the choice between zirconia and titani-
um abutments.
 One of the limitations of the present study 
was the impossibility of investigating common 
mechanical problems, such as preload reduction, 
screw loosening, and abutment rotation, which 
of course were not among the objectives of the 
present study. It has also been suggested that zir-
conia aging leads to the progressive conversion 
of the tetragonal phase to the monoclinic phase, 
which negatively affects the mechanical proper-
ties;(42,43) this issue is suggested in future studies 
for further investigation.

Conclusion:
Considering the limitations, the findings of this 
study show that microleakage following oblique 
cyclic loading varies depending on the type of 
abutment. Titanium abutments showed signifi-
cantly less microleakage than zirconia abutments. 
It seems that more in-vivo and in-vitro studies are 
needed to investigate the microleakage of zirco-
nia abutments and its effect on the peri-implant 
tissues.
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