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Purpose: To evaluate the effect of different treatments applied to titanium implant abutment surfaces on 
the retention of implant-supported crowns retained using resin cement. Materials and Methods: A total 
of 72 titanium implant abutments were divided into six groups (n = 12 each) based on the selected surface 
treatment: (1) untreated; (2) sandblasted; (3) hydrogen peroxide–etched; (4) atmospheric plasma; (5) chemical 
mechanical polishing; and (6) titanium dioxide nanocoating. After the surface treatments, scanning electron 
microscopy analyses and roughness measurements of the abutment surfaces were performed. Then, 72 
metal copings were fabricated and cemented onto the abutments with dual-curing resin cement. After the 
thermocycling process, crown retention was measured by using a universal testing machine. The experimental 
results were statistically evaluated with one-way analysis of variance, Tukey honest significant difference, and 
Tamhane T2 tests. Results: The highest surface roughness values were obtained in the sandblasted group 
(1.44 um), which also showed in the highest retention values (828.5 N), followed by the hydrogen peroxide 
etching group (490.7 N), the atmospheric plasma group (466.5 N), the chemical mechanical polishing group 
(410.8 N), and the control group (382.6 N). Conclusion: Sandblasting, hydrogen peroxide, etching, and 
atmospheric plasma treatments significantly increased crown retention, and all alternative treatments, 
with the exception of TiO2 nanocoating, worked better than the control samples. Int J Prosthodont  
2023;36:49–58. doi: 10.11607/ijp.6602
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Titanium has been used successfully as a dental implant material as it is biocom-
patible, resistant to corrosion due to the formation of a stable oxide layer, and 
has excellent mechanical properties.1 Titanium dioxide (TiO2), which forms on 

the titanium surface during surface treatment, is a continuous, nonporous, and ad-
hesive oxide film layer that is protective and resistant to corrosion.2 Titanium surface 
treatments aim to eliminate the weak layers of bare titanium that negatively affect 
bond strength and to form an adhesive layer that promotes bonding.3 There are vari-
ous surface treatments that are used to enhance surface adhesion behavior, such as:
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•	 Sandblasting: The most common, inexpensive, and 
easiest method.4

•	 Hydrogen peroxide etching: It has been 
demonstrated in the literature that high hydrogen 
peroxide (H2O2) concentrations increase the 
corrosion rate of titanium-based samples.5 
Increased corrosion rates result in increased 
surface roughness, and it is known that surface 
roughness directly affects the attachment behavior 
of the surface. In addition, it has been reported 
that applying reactive oxygen to the titanium 
surface during H2O2 etching induces the release of 
titanium ions from the surface of the implant and 
induces Ti-O formation,6–8 which increases surface 
hydrophilicity.9 This is illustrated by the following 
chemical reaction:

Ti + OOH-+ 3OH----Ti(OH)2O2 + H2O+4e-

•	 Atmospheric plasma: It has been found that, with 
atmospheric plasma treatment, an oxide layer 
is formed on the titanium surface. The surface 
therefore becomes hydrophilic, and adhesion 
properties may be affected.10

•	 Chemical-mechanical polishing (CMP): CMP is 
a newly introduced technique for the surface 
structuring of bioimplants. It has been demonstrated 
that CMP treatment enables control of surface 
roughness from the nano- to the microlevel through 

the changing of properties of the pad material, 
down force, slurry particle sizes, and concentration in 
the CMP slurries.11 In addition, H2O2 as the oxidizer 
during the CMP method forms a continuous Ti-O 
layer on the titanium implant surface.12

•	 TiO2 nanocoating: Beyond mechanical surface 
treatment methods, chemical coating methods are a 
good alternative for increasing surface roughness to 
enhance the adhesion behavior of implant materials. It 
has been reported that a thin oxide film layer formed 
on titanium surfaces by TiO2 nanocoating with the 
sol-gel method13 can be used to increase the adhesion 
between dental ceramics and metal substructures.14

In the present study, sandblasting, H2O2 etching, atmo-
spheric plasma, CMP, and TiO2 nanocoating treatments 
were applied on dental implant abutment surfaces, and 
the effects of these treatments on the crown reten-
tion and the surface roughness and morphology of the 
treated abutments were evaluated. The null hypothesis 
was that no difference would exist in the retention of 
cement-retained, implant-supported crowns following 
different surface treatments.

MATERIALS AND METHODS

A total of 72 titanium implant abutments (Mode Me-
dikal, 5-mm height) and 72 titanium implant analogs 
(Mode Medikal) were used. The implant analogs were 
embedded vertically into autopolymerized acrylic resin 
blocks (Meliodent) using a dental surveyor (Fig 1). The 72 
abutments were divided into 6 groups, with 12 samples 
in each group, according to surface treatment technique:
 
1.	Control group: No surface treatment applied other 

than original machining to shape the titanium. 
2.	Sandblasted group: Abutment surfaces were 

sandblasted with 110-µm aluminum oxide (Al2O3) 
particles (Mega Strahlkorund) at 2.5-bar pressure 
from a 10-mm distance for 10 seconds. After 
sandblasting, the samples were steam cleaned for 5 
seconds and air dried for 10 seconds. 

3.	H2O2–etched group: A high-pH, oxidizer-based 
etching process was implemented by using 35 wt% 
H2O2. The etching process was applied by dipping 
into the high-concentration H2O2 solution (Sigma-
Aldrich). The abutment samples were then dipped 
into the beakers containing 15 mL of concentrated 
H2O2 for 30 minutes at room temperature. H2O2–
based etching is more suitable than acid-based 
etching because its long postoperation cleaning 
process decreases the risk of chemical residue; 
nevertheless, a postcleaning procedure by ultrasonic 
treatment in deionized water (DIW) was applied to 
the abutment samples after the etching steps. 

Fig 1    Implant analog with abutment seated in an acrylic resin block.
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4.	Atmospheric plasma group: The abutment surfaces 
received a plasma treatment with an atmospheric 
plasma torch (Plasmatreat), applied for 5 seconds 
and at 2-bar pressure, with an average jet power of 
1 kVA and a processing speed of 5 mm/second at a 
distance of 5 mm from the abutment surface. 

5.	CMP group: CMP slurries were prepared by diluting 
commercial SiO2 slurry (BASF) in a 5% weight final 
concentration. To provide stability, the suspensions 
were ultrasonicated at a pH of 9. H2O2 (Sigma 
Aldrich, 34.5% to 36.5% purity) was used as an 
oxidizer during the CMP experiments to create 
an oxide layer on top of the titanium implant. 
Abutment samples were polished in the CMP 
slurries in the presence of 3 wt% oxidizer for an 
additional 10 minutes. All samples were cleaned in 
an ultrasonic bath with acetone, then ethanol, and 
then pH-adjusted water for 5 minutes to ensure a 
clean surface.

6.	TiO2 nanocoating group: TiO2 nanocoating was 
applied to increase attachment of the additional 
nonmetallic coating layer on the titanium to 
enable increased interactions between the 
metallic titanium and ceramic TiO2 layer through 
the titanium ions. TiO2 nanofilm was deposited 
using a sol-gel technique.15,16 TiOSO4 was used 
as a precursor, and 0.5-M Ti source was dissolved 
in 0.5M H2O (DIW) and 20-M ethanol, mixed 
well under continuous stirring, and pH-adjusted 
with HNO3 (0.1 M) at pH = 1.23. The Ti source 
underwent a thorough hydrolysis reaction as 
provided in the following equation1:

TiOSO4(s) + 2H2O (aq) -- 2H+(aq) + SO4-(aq)+ 
TiO(OH)2(s)

The TiO2–containing transparent solution was ob-
tained as a product of the hydrolysis reaction. The 
abutment samples were dipped into the solution with 
a dip coater tool (PTL-MMB01, MTI) to deposit the TiO2 
nanofilm.17 The abutments to be coated with the TiO2 
sol-gel were lowered into the coating solution and then 
withdrawn at a specific pull speed (140 mm/minute) 
and distance (100 mm). The samples were dried in air at 
200°C for 1 hour by using the furnace integrated in the 
dip coating tool. All chemicals used in the experiment 
were obtained from Sigma-Aldrich.

After the surface treatments, one sample from the 
control and from each of the five different experimen-
tal groups were randomly chosen, and their abutment 
surfaces were examined under scanning electron mi-
croscopy (SEM; EVO LS 10, Zeiss) with ×1,000 mag-
nification. Surface roughness measurements of the 
samples were conducted with a profilometer (SJ-400, 
Mitutoyo). Roughness values (Ra) were measured from 

three different sites that were randomly selected on 
all abutment surfaces, and the mean roughness values 
were calculated.

After the surface treatments, abutments were at-
tached to the implant analogs and torqued according 
to the directions provided by the manufacturer. Next, 
the abutment screw access holes were filled with cotton 
pellets and temporary filling material (Cavit, 3M ESPE). 
Abutment surfaces were scanned with a 3D scanner 
(Shining 3D), and the data were computerized. Crowns 
were designed with the Exocad Dental CAD program. 
A total of 72 copings were fabricated with a 2.2-mm 
internal diameter loop on the occlusal surface for attach-
ment to the universal testing machine (Fig 2). To provide 
standardization of the fabrication of the metal copings, 
laser sintering technology (ProX 300, 3D Systems) and a 
cobalt-chromium alloy (ST2725G, SINT-TECH) were used. 

A dual-curing resin cement (Panavia F 2.0, Kuraray) 
was used. The cement was mixed according to the manu-
facturer’s instructions. A thin layer was placed in the 
metal copings, and the metal copings were placed on the 
abutments with finger pressure. After 10 seconds, excess 
cement was removed, and the samples were weighted 
for 10 minutes under 5-kg force. After cementation, 
samples were stored at 37°C in distilled water for 24 
hours and thermocycled between 5°C and 55°C with 
30-second dwell times for 5,000 cycles.  

Retention values of the samples were measured at 0.5 
mm/minute crosshead speed with a universal testing 

Fig 2    Implant analog with abutment and coping in an acrylic resin 
block.
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machine (MIN-100, Esetron Smart Robotechnologies). 
Roughness and retention values of the samples were 
analyzed using one-way analysis of variance (ANOVA), 
Tukey honest significant difference test, and Tamhane 
T2 test. Significance was evaluated at the P < .05 level.

After the tensile test, the abutment surfaces were 
examined under a stereomicroscope (SZ61, Olympus 
Optical) at ×20 magnification, and images were analyzed 
with a software program. The failure mode was scored 
as either adhesive (no cement residue on the abutment 
surface) or cohesive (cement residue on both the abut-
ment surface and crown inner surface).

RESULTS

The one-way ANOVA results provided in Tables 1 and 2 
show that the surface treatments significantly affected 
the roughness and the retention values (P < .05).

Roughness Values
The control group showed an average roughness value 
of 0.8 ± 0.5 µm. The control group was the only group 
with high SD rates because of the machine processing. 
Machining techniques generally produce a surface with 

defects that contain grooves, ridges, and traces of the 
tool used for manufacturing. These random surface 
characteristics directly affect the surface roughness and 
result in higher deviation compared to controlled surface 
treatment methods. 

Mean surface roughness values were found to 
be highest in the sandblasted group (1.4 ± 0.2 µm) 
and lowest in the atmospheric plasma group (0.6 ±  
0.2 µm) (Table 3 and Fig 3). The surface roughness of the 
sandblasted group was found to be significantly higher 
than all other groups (P < .05). For the other groups, no 
statistically significant difference was observed in terms 
of roughness values (P > .05; Table 4).

SEM
There were distinctive irregularities and deep macro-
cavities on the abutment surface in the sandblasted 
group compared to the other groups. There were no 
differences in terms of surface morphology between the 
control group and the other groups (Fig 4).

Retention Values
The mean retention values were found to be high-
est in the sandblasted group (828.5 ± 57.0 N) and 

Table 1    One-way ANOVA Results for Mean Retention Values

Sum of squares df Mean square F P

Between groups 1886650.842 5 377330.168 143.291 .000*

Within groups 173798.961 66 2633.318

Total 2060449.803 71

Table 2    One-way ANOVA Results for Mean Roughness Values

Sum of squares df Mean square F P

Between groups 4.956 5 0.991 9.425 .000*

Within groups 6.941 66 0.105

Total 11.897 71

*Significant value (P < .05).

Table 3    Minimum, Maximum, and Mean ± SD Values for Surface Roughness (µm)

Groups No. of specimens Minimum Maximum Mean ± SD

Control 12 0.27 2.09 0.81 ± 0.5

Sandblasted 12 1.12 1.62 1.44 ± 0.2

H2O2 etching 12 0.31 1.2 0.76 ± 0.3

Atmospheric plasma 12 0.28 0.94 0.61 ± 0.2

CMP 12 0.31 1.34 0.88 ± 0.4

Sol-gel nanocoating with TiO2 12 0.42 1.38 0.92 ± 0.3
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lowest in the TiO2 nanocoating group  
(333.7 ± 45.3 N) (Table 5 and Fig 5).

The mean retention value calcu-
lated for the sandblasted group was 
significantly higher than the control 
group, as well as the other experi-
mental groups (Fig 6; P < .05). Con-
versely, the mean retention value of 
the TiO2 nanocoating group was sig-
nificantly lower compared to all other 
groups except for the control group 
(P < .05). Statistical analyses showed 
that there was a significant differ-
ence between (1) the atmospheric 
plasma and the control groups; (2) 
the H2O2 and CMP groups; and (3) 
the H2O2 and the control groups  
(P < .05). Among the other groups, 
no statistically significant difference 
was observed in terms of the mean 
retention values (P > .05) (Table 6).

Failure Modes
All of the samples in the sandblasted 
group showed cohesive failure (P < 
.05; Fig 7a). The control, H2O2 etch-
ing, atmospheric plasma, CMP, and 
TiO2 nanocoating groups showed 
predominantly adhesive failure (P > 
.05; Table 7 and Fig 7b).

DISCUSSION

The present study evaluated the ef-
fect of different treatments applied 
to the surface of titanium abutments 
on the retention between the abut-
ment and the crown. The study 
concluded that the retention values 
increased with all surface treatments 
except for the TiO2 nanocoating 
group, which is the only group that 
resulted in a different surface film 
because of the chemical coating 
process.

The phosphate ester group in 
Panavia F 2.0 resin cement (Kuraray) 
is supposed to bond directly to the 
metal oxides on the surface of the 
implant.18 In their studies, Fonseca et 
al,19 Di Francescantonio et al,20 and 
Ozcan and Valandro21 reported that 
Panavia F 2.0 had the highest bond 
strength to a titanium surface when 
compared to other resin cements. 

Therefore, in the present study, Panavia F 2.0 resin cement was selected 
for all test groups.

The surface area of an alloy can be increased by obtaining a microretentive 
topography on the alloy surface through sandblasting, and a stronger bond 
is therefore achieved between the alloy and the cement.22 In the present 
study, sandblasting resulted in significant increases in the surface roughness 
and retention values compared to the other groups (P < .05). These results 
are in agreement with the literature,23–25 indicating that increased surface 
roughness provides more pronounced mechanical bonding between the 
abutment and the cement and is thus effective in increasing retention. 

It is known that an H2O2 etching treatment increases the bond strength 
by forming oxidation on the titanium surface.26 Nagassa et al27 and Daw et 
al28 applied H2O2 solutions at 30% concentrations to titanium disc surfaces 

Table 4    �Post hoc Evaluation of Surface Roughness Values According to 
Tamhane T2 Test

Surface roughness 

P

Control

Sandblasted .022*

H2O2 etching 1.000

Atmospheric plasma .982

CMP 1.000

Sol-gel nanocoating with TiO2 1.000

Sandblasted

H2O2 etching  .000*

Atmospheric plasma  .000*

CMP  .002*

Sol-gel nanocoating with TiO2  .000*

H2O2 etching

Atmospheric plasma .936

CMP .999

Sol-gel nanocoating with TiO2 .934

Atmospheric plasma
CMP .455

Sol-gel nanocoating with TiO2 .095

CMP Sol-gel nanocoating with TiO2 1.000

*Significant value (P < .05). 
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Fig 3    Mean ± SD surface roughness values.
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for different periods of time and reported that the surface roughness values 
increased as the time increased. Elsaka and Swain29 applied 10% and 30% 
H2O2 to titanium surfaces for different periods of time and stated that, for 
these concentrations, the roughness values showed no significant differ-
ence from those of the control group; however, the bond strength at each 

concentration increased compared 
to the control group, with 30% H2O2 
etching increasing the bond strength 
more than the 10% H2O2 concen-
tration. In addition, Yoshida et al30 
reported that 34.5% H2O2 etching 
on titanium surfaces for different pe-
riods increased the bond strength. In 
the present study, 35% H2O2 etching 
was applied on the abutment sur-
faces for 30 minutes, and the H2O2 
etching group showed the highest 
retention value after the sandblasted 
group.

Duske et al31 reported that atmo-
spheric plasma treatment is an ef-
ficient surface modification method 
that can change physicochemical 
properties, including hydrophobic-
ity, and can develop the surface 

Table 5    Minimum, Maximum, and Mean ± SD Retention Values (N) for each Group

Groups No. of specimens Minimum Maximum Mean ± SD

Control 12 307.9 488.9 382.6 ± 48.4

Sandblasted 12 740.2 895.6 828.5 ± 57.0

H2O2 etching 12 412.3 572.8 490.7 ± 48.2

Atmospheric plasma 12 382.3 540.5 466.5 ± 54.3

CMP 12 340.9 493.4 410.8 ± 53.7

Sol-gel nanocoating with TiO2 12 247.9 386.1 333.7 ± 45.3

Fig 4    Scanning electron microscopy images (×1,000 magnification). (a) Control. (b) Sandblasted. (c) H2O2 etching. (d) Atmospheric plasma. 
(e) CMP. (f) Sol-gel nanocoating with TiO2.

Fig 5    Mean ± SD retention values.
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properties of the material; thus, it 
can be used for surface modifica-
tions of implant abutments. Seker et 
al32 reported that atmospheric plas-
ma treatment applied on a titanium 
disc surface increased roughness val-
ues significantly when compared to 
a control group; although the bond 
strength also increased, it was not 
significant. El-Helbawy et al33 found 
that the surface roughness values 
of a group in which oxygen plasma 
treatment was applied to titanium 
abutment surfaces were similar to 
the control group. The authors also 
reported that oxygen plasma treat-
ment significantly increased the 
retention between the abutment 
and crown compared to the control 
group. According to the present 
study, atmospheric plasma treatment 
significantly increased the retention 
value between the abutment and 
the crown compared to the control 
group (P < .05).

In the present study, there was 
no significant difference between 
the surface roughness values of the 
atmospheric plasma, H2O2 etching, 
and control groups (P > .05). How-
ever, the retention values of the 
atmospheric plasma and H2O2 etch-
ing groups were significantly higher 
than the control group (P < .05). 
Despite the low surface rough-
ness, the present authors believe 
that the cement used provides a 
strong chemical bond when cou-
pled with the surface treatments 
implemented on bare titanium and 
has an effect on increasing the re-
tention value.

Similar to the present results,  
Kamijo et al26 stated that when 
the titanium surface is immersed in 
H2O2, oxidation occurs on the sur-
face, increasing the bond strength 
to the resin. Foest et al34 indicated 
that plasma alters the surface energy 
and chemistry as a result of formation 
of high-concentration reactive spe-
cies (O2). They also reported that the  
surface-cleaning property of the 
plasma provided chemical bonding 
of the cement to the titanium surface. 

CMP treatment is used to increase the corrosion resistance and biocompat-
ibility35 of dental implant material.2 It has been reported that during CMP 
treatment, when the top film surface of the titanium is exposed to chemi-
cals in the polishing slurry (containing submicron particles and corrosives), 
a chemically altered top oxide film with a protective nature is formed.35,36 
Studies on CMP have generally focused on evaluating the effect of CMP on 
dental implant osseointegration. In the literature, no study has been found 
that evaluates the effect of CMP on retention between the abutment and 
the crown. 

In the present study, CMP on the abutment surface was found to increase 
the retention value between the abutment and the crown, but this was 
not significant when compared to the control group (P > .05). However, 
since CMP treatment produces chemical and mechanical actions simultane-
ously, this dual effect can be further tuned to obtain the desired surface 
characteristic, including more pronounced roughness. It is also possible to 

Fig 6    Correlation 
between retention 
and roughness.

Table 6    �Post hoc Evaluation of Retention Values (N) According to Tukey 
Honest Significant Difference Test

P

Control

Sandblasted .000*

H2O2 etching .000*

Atmospheric plasma .002*

CMP .759

Sol-gel nanocoating with TiO2 .194

Sandblasted

H2O2 etching .000*

Atmospheric plasma .000*

CMP .000*

Sol-gel nanocoating with TiO2 .000*

H2O2 etching

Atmospheric plasma .856

CMP .004*

Sol-gel nanocoating with TiO2 .000*

Atmospheric plasma
CMP .097

Sol-gel nanocoating with TiO2 .000*

CMP Sol-gel nanocoating with TiO2 .006*

*Significant value (P < .05).
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obtain a range of roughness values by using different 
abrasive particles and/or pad materials.2 In other words, 
CMP is a combination of the mechanical action that is 
similar to the sandblasting process and the chemical 
action that is similar to the H2O2 etching. Therefore, the 
nature of CMP treatment allows for tuning abilities that 
go beyond the simple approach used for the experi-
ment in this study. In addition, higher roughness and 
retention values can be obtained by more aggressive 
abrasive particles/pad materials, as well as by increas-
ing the concentration of H2O2 as an oxidizer. Further 
studies should therefore be conducted.

TiO2 nanocoating with sol-gel can be used to form 
thin metal oxides on titanium surfaces.13 It is reported 
that oxide coatings can be used to increase adhesion 
between dental ceramics and metal infrastructures.14 
Advincula et al37 and Krzak-Roś et al38 reported that TiO2 
nanocoating with sol-gel on a titanium surface increased 
the surface roughness. Bieniaś et al14 reported that SiO2 
and SiO2–TiO2 coatings using the sol-gel method are 
simple and effective treatments that can be applied in 
the clinic to increase the bond strength between titanium 
and porcelain. In the present study, the TiO2 sol-gel 

nanocoating resulted in the lowest retention value, al-
though the surface roughness value was higher than the 
control group (P > .05). 

There are studies in the literature indicating that, af-
ter various surface treatments and despite high surface 
roughness values, bond strength was low.39–41 Lim et 
al39 and Darvell et al40 reported that surface roughness 
may increase the stress between the metal and cement, 
cause voids between the metal and cement, and prevent 
complete wetting.

The adhesion of cement to the surface depends on 
micromechanical adhesion and physicochemical bond-
ing.42 It has also been reported that the roughness of 
the titanium surface provides mechanical bonding with 
resin cement and is an important factor that affects the 
bond strength.43 However, based on the data obtained 
from the present study, the authors believe that the 
increase in the retention values between the abutment 
surface and the crown is not only due to the roughness 
values and micromechanical bonding, but also due to 
chemical bonding, which also plays an important role.

The present authors also believe that new studies in 
which cements of different properties (eg, temporary 

Table 7    Failure Modes in Each Group

Failure mode Control Sandblasted
H2O2  

etching
Atmospheric 

plasma CMP
Sol-gel nanocoating 

with TiO2 Total

Adhesive
No. 7 0 7 9 7 7 37

% 58.3 0 58.3 75 58.3 58.3 51.4

Cohesive
No. 5 12 5 3 5 5 35

% 41.7 100 41.7 25 41.7 41.7 48.6

Fig 7    (a) Cohesive and (b) 
adhesive failure between 
abutment and cement.

a b
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cement, implant cement) and different superstructure 
materials (eg, precious metals, nonprecious metals, zirco-
nium) are used together with sandblasting, H2O2 etching, 
atmospheric plasma, CMP, and TiO2 sol-gel nanocoating 
surface treatments applied on abutments to evaluate 
surface roughness and retention values will contribute 
to the literature. Further studies are needed to evaluate 
the effect on retention of different treatments applied 
to inner crown surfaces.

CONCLUSIONS

Within the limitations of this study, the sandblasted 
group showed the highest surface roughness and reten-
tion value. The H2O2 etching group showed the highest 
retention value after the sandblasted group. The atmo-
spheric plasma treatment provided a significantly higher 
retention value than the control group. In the CMP, 
TiO2 nanocoating, and control groups, no significant 
difference was observed in the mean retention values, 
but the TiO2 nanocoating group showed the lowest 
retention value. According to the results of this study, 
the authors believe that atmospheric and H2O2 etching 
treatments are effective methods to increase the reten-
tion of implant-supported fixed prostheses.
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Literature Abstract

Effect of Locally Applied Simvastatin on Clinical Attachment Level and Alveolar Bone in Periodontal Maintenance Patients: A 
Randomized Clinical Trial

The purpose of this double-blinded, randomized, controlled trial was to determine if local application of simvastatin (SIM) combined with 
minimally invasive papilla reflection and root planing (PR/RP) was effective in improving clinical attachment level (CAL), reducing probing 
depth (PD), and increasing interproximal bone height (IBH) in persistent 6- to 9-mm periodontal pockets in patients receiving periodontal 
maintenance therapy (PMT). A total of 50 patients with Stage III, Grade B periodontitis presenting with a 6- to 9-mm interproximal PD with 
a history of bleeding on probing (BOP) were included in the study. Experimental (PR/RP + SIM/methylcellulose [MCL]; n = 27) and control 
(PR/RP + MCL; n = 23) therapies were randomly assigned. Root surfaces were accessed via reflection of the interproximal papillae, followed 
by RP assisted with endoscope evaluation, acid etching, and SIM/MCL or MCL application. CAL, PD, BOP, presence of plaque, and IBH 
(using standardized vertical bitewing radiographs) were evaluated at baseline and 12 months. Measurements were compared by group and 
time using chi-square, Wilcoxon rank-sum, and t tests. Both PR/RP + SIM/MCL and PR/RP + MCL, respectively, resulted in improvements in 
clinical outcomes (CAL: –1.9 ± 0.3 mm, P < .0001; and –1.0 ± 0.3 mm, P < .003; PD: –2.3 mm ± 0.3, P < .0001; and –1.3 mm ± 0.3, P < 
.0001; BOP: –58.7% and –41.7%, P < .05) and stable IBH (–0.2 ± 0.12, –0.4 ± 0.2, P = .22) from baseline to 12 months posttreatment. 
PR/RP + SIM/MCL showed more improvement in CAL (P = .03), PD (P = 0.007), and BOP (P = .047). The addition of SIM/MCL to PR/RP 
improved CAL, PD, and BOP compared to PR/RP alone in periodontal maintenance patients.

Killeen AC, Krell LE, Bertels M, et al. J Periodontol 2022;93(11):1682–1690. References: 21. 
Reprints: A. Killeen, akilleen@unmc.edu —Steven Sadowsky, USA

Literature Abstract

Prospective Clinical Multicenter Study Evaluating the 5-Year Performance of Zirconia Implants in Single-Tooth Gaps

In recent years, ceramic implants made of zirconia have secured a niche position next to established titanium implants, due partly to new 
scientific findings and positive clinical experience with the handling of ceramic implants. The aim of this study was to assess the clinical 
and radiographic data for monotype ceramic implants that had remained in place for 60 months under masticatory loading. In 2011, this 
prospective clinical study included patients with a single-tooth gap in the maxilla and mandible. Monotype ceramic implants (Straumann) 
were used according to a standard protocol. Provisional prostheses were placed after 3 months, followed by final prostheses 3 months later. 
Patients were invited for a 60-month follow-up. Implant survival was analyzed from lifetime data. Success rates and crestal bone levels were 
evaluated from implant placement to 6, 12, 36, and 60 months after surgery. From the initial 44 patients recruited, 36 were available for 
analysis at the 60-month follow-up. With one implant lost before the 6-month follow-up, the survival rate after 60 months was 97.7%, and 
the mean survival time was 58.7 months. Sixty months after implant placement, the success rate was 97.2% (95% CI: 84.6% to > 99.9%). 
Mean bone loss after 60 months was 0.99 (± 0.59) mm. After 60 months, monotype ceramic implants made of zirconia achieved success 
and survival rates comparable to those reported for titanium implants in select patient populations. Ceramic implants can be used as an 
alternative to titanium implants at the request of patients and if specifically indicated; for example, due to titanium intolerance.

Gahlert M, Kniha H, Laval S, Gellrich NC, Bormann KH. Int J Oral Maxillofac Implants 2022;37:804–811. References: 20. Reprints: M. Gahlert, mg@
oralchirurgie-tl.de —Steven Sadowsky, USA
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