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INTRODUCTION
Dental implant is the finest alternative available in 
modern dentistry to replace missing tooth or teeth. 
They provide an remarkably effective durable, 
and aesthetically pleasing alternative. Most 
patients discover that they are steady and secure 
and good suitable substitute for their natural 
teeth.1 Implant abutments are parts that attach to 
implant fixtures in order to hold and/or support a 
prosthesis. Titanium are the most popular material 
for abutments, because it has a great mechanical 
strength and excellent biocompatibility, making it 
a popular material for implant abutments.2

Nowadays, cement retained prostheses supported 
by implants are more common due to a number of 
advantages, including loading along a linear axis, 
better passivity fit, a small occlusal table because of 
the lack of an accessibility hole, and a lower risk of 
porcelain fracture. The only significant benefit of a 
screw-retained prosthesis is its retrieval.3

Cementation of indirect restorations is an important 
part of the treatment regimen in reconstructive 
dentistry and typically indicates the end of dental 
rehabilitation4. Adhesive resin cements are non-
acidic, have a high tensile strength, and exhibit high 
micromechanical bonding to alloy and ceramic 
surfaces. However, their primary drawback can 
be attributed to polymerization shrinkage, but in 

modern types have modification in its composition 
to reduce polymerization shrinkage such as addition 
of filler particles.5,6

The discipline of dentistry has been using more 
and more cosmetic materials in recent years, This 
could be the result of the necessity to fulfill patient 
requests and the advancement of new fabrication 
techniques. With the state of restoration systems 
today, computer-aided design and computer-aided 
manufacture (CAD/CAM) guarantees tooth-colored 
restorations made of ceramic and resin materials in 
a timely manner.7

Zirconia restorations have been well-established 
in conservative dentistry during the past few years, 
enabling excellent mechanical properties and 
appropriate biocompatibility, CAD/CAM systems 
were used in prosthodontics to realize zirconia 
restorations.8

To improve the translucency of zirconia, 5 mol.% 
yttria-partially stabilized zirconia (5Y-PSZ) or ultra-
translucent zirconia.9,10 Increasing the concentra 
tions of yttria increases the amount of the optically 
isotropic cubic phase,11 In addition, cubic grains 
are typically larger than tetragonal grains, resulting 
in fewer grain boundaries. Because the light 
transmission through polycrystal ceramic is strongly 
affected by the two-sidedness at the grain boundary, 
the smaller number of grain boundaries in 5YZ 
increases its translucency.12,13 
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Plasma surface treatment is technique for altering a material's surface 
that has been utilized for a long time in many industrial and medicinal 
domains.14 highly reactive species such as electrons, free radicals, ions, 
and electronically excited neutrons are found in plasma.15 With little 
alteration to the materials' inherent qualities, these plasma species 
increase surface reactivity.16,17 Specifically, of the several forms of 
plasma, non-thermal atmospheric pressure plasma (NTP) doesn't need 
the vacuum apparatus needed for vacuum plasma, Furthermore, NTP 
generation equipment has low maintenance expenses in addition to 
being affordable.16

In dentistry, NTP processing has been developed, and it may be a useful 
technique for raising the zirconia coping's retentive strength,18 and The 
titanium surface of implant abutment forms an oxide layer after being 
treated with NTP. As a result, the surface turns hydrophilic, potentially 
changing the adhesion qualities.19

Hence, this study was to evaluate tensile bond strength and mode of 
failure between (5) Y zirconia coping and titanium implant abutment 
after plasma surface treatment. Null hypothesis of this study is no 
difference in tensile bond strength between (5) Y zirconia coping and 
implant abutment before and after plasma surface treatment of them.

MATERIALS AND METHODS

Specimens Preparations
Forty prefabricated titanium abutments (abutment- Hex type) from 
Dentium System, Korea; with (5.5mm) height, (4.5mm) in diameter, 
(1.5mm) of gingival height and (8º) tapering per side were used in the 
research, Each titanium abutment constructed with a screw which was 
used for fixation of the abutment to its fixture or laboratory analog, 
Then, forty laboratory analogs (with 12mm height and 4.5mm in 
diameter) were prepared to be used in this study. 

Each titanium abutment was mounted onto its laboratory analog with 
titanium abutment screw and torqued to (35 N/cm) using a torque- 
controlled ratchet, and then adapted into acrylic mold (Figure 1).20

Surface treatment of specimens
The forty specimens (which include the Dentium titanium abutments 
adapted to the analogs in the acrylic mold) were randomly divided into 
four main groups according to the type of surface treatment:

Group 1: n=10 where the titanium abutments no surface treatment.

Group 2: n=10 where the titanium abutments treated by plasma with 
CORE plasma activator.

Group 3: n=10, where the inner surface of zirconia coping treated 
with plasma by non-thermal plasma for 80 sec, 100% plasma power 

and 5cm2/s treatment speed using a non-thermal plasma device 
(PiezoBrush® PZ3 Handheld Device, Relyon Plasma, Regensburg, 
Germany), The device was a handheld unit that generated a plume of 
plasma jet at atmospheric pressure.21 

Group 4: n=10, where the titanium abutments treated with plasma by 
plasma CORE activator and inner surface of zirconia coping treated 
with plasma by non-thermal plasma for 80 sec, 100% plasma power 
and 5cm2/s treatment speed using a non-thermal plasma device 
(PiezoBrush® PZ3 Handheld Device, Relyon Plasma, Regensburg, 
Germany), The device was a handheld unit that generated a plume of 
plasma jet at atmospheric pressure.

Zirconia Copings Construction
Type of zirconia used in this study was (5) Yttria tetragonal zirconia 
polycrystalline high translucent (5Y-TZP/VITA YZ® HT, shade white, 
VITA Zahnfabrik , Germany), we need forty coping copings were 
fabricated in CAD/CAM system in following steps:

1. Computer surface digitization: Scanning of implant abutment is done 
with LED based scanners. Autoscan DS500 is perfect for module scanning. 

2. Computer-aided designing (CAD): A three-dimensional image 
of the abutment is produced over the screen and can be rotated for 
observation from any angle. Once the 3-D image is captured through 
any of the computer surface digitization techniques, 3-D image 
processing is done and the digitized data is entered in the computer. 
Designing of the Zirconia copings is done using CAD software in its 
dimensions are (height of coping 9.3mm, diameter of coping 3.8mm, 
diameter of hole 0.6mm and cement cap 0.5 micrometer), which in turn 
sends commands to the CAM unit, for fabricating the restoration.22

3. Computer-aided manufacturing (CAM):Third stage is Computer-
aided manufacturing (CAM) by Subtractive technique from a Solid 
Block, Cut the zirconia disc to the specific dimensions with a milling 
machine (Zircon Zahn) by IMS 303 UL & IMS 302 UL (1- 0.6 mm) 
cutting burs and IMS 301 UL (0.3 mm) finishing bur and prepare it for 
sintering (firing).

4. Firing: the prepared samples of zirconia has been sintered (fired) 
in an NHT oven, ZirCAD Prime was used in accordance with 
manufacturer instructions for 9 hours and 50 minutes (heating phase 
starting temperature 20°C, heating until temperature reach 900°C by 
heating rate 10°C/min and holding in 900°C for 30 min, then heating 
until 1500°C by heating rate 3.3°C/min and holding in 1500°C for 120 
min, after which cooling phase start cooling from 1500°C to 900°C by 
cooling After sintering, verify all dimensions with an electronic digital 
caliper. The specimens were then ultrasonically cleaned following 
polishing with 1200-grit silicon carbide paper (Figure 2).

Cementation and Thermocyclin
Specimens Cemented with the Dual-cured Resin Cement (Allcem 
cimento dual, FGM shade A2) Each coping coping was filled with the 
luting agent by an examiner and the explorer was used to distribute the 
luting agent over the entire inner surface of the coping coping, then the 
coping was hand-seated over its selected abutment. In order to achieve 
a standardized seating pressure over the coping during the cementation 
process and to eliminate the excess that may appear when different 
seating pressures over the coping were applied, a special device (AS-
Standardized Cementation Load) was locally manufactured.

Then, the bonding material was cured using a light curing machine 
(Eighteeth, China) of (1180 mW/cm2) intensity and (450 nm) wave 
length for about (1minute), the thermocycler (100 SD Mevhatronic, 
Germany) was used in this experiment. All samples underwent (5000) 
cycles of thermocycling in deionized water between 5 and 55 degrees 
Celsius having a 10 second transfer time and a 30 second dwell time.Figure 1. Implant analog with abutment seated in an acrylic resin mold.
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Mode of Failure Evaluation
All samples had adhesive type failure in abutment surface (Figure 3).

DISCUSSION 
Due to excellent mechanical qualities, high corrosion resistance, low 
density, and exceptional biocompatibility, titanium (Ti) and its alloys 
are frequently utilized as dental materials in prosthodontics and 
implantology.23

Zirconia's superior mechanical qualities, chemical stability, and 
biocompatibility make it a desirable core material for all-ceramic 
restorative construction.24 However, zirconia ceramic demands different 
methods for a long-lasting, resilient resin bond. Thus, a variety of 
surface treatments are applied to enhance bonding to zirconia ceramic 
including alumina coating,25 plasma surface treatment, tribochemical 
silica coating,26,27 or airborne-particle etching.28

The growth of dental computer-aided manufacturing (CAM) and 
computer-aided design (CAD) technologies has led to a rise in the 

Tensile Bond Strength Measurement
Each coping was pulled with a crosshead speed of (0.5 cm/min). The 
force at which the bond failure between the coping and the abutment 
appeared on the meter which was already connected to the tensile 
machine, then the record was transferred to the computer and saved by 
Universal testing machine (Gester, China).

Mode of Failure
After testing of tensile bond strength , every debonded surface was 
examined under stereomicroscope using 20x magnification (Optika, 
Italy) to determine the mode of failure. The mode of failure was 
classified as below:

1. Adhesive failure at: A) interface of adhesive and abutment B) 
interface of adhesive and Zirconia coping.

2. Cohesive failure: Failure within the resin cement (adhesive).

3. Mixed failure which is combination of Adhesive and Cohesive 
failure.

RESULTS

Evaluation of The Tensile Bond Strength Between 
Zirconia Copings and Implant Abutments
Upon completion of the experimental technique. The forces needed 
to separate the titanium abutments from the coping copings were 
measured in Newton in each group. These results were statistical 
descriptive analysis was performed on these data (Table 1). 

The results show that the greatest retentive mean value of bond 
strength obtained in plasma surface treatment for abutment and coping 
(group 4) (163 N) followed by plasma surface treatment for abutment 
only (group 2) (143 N). Whereas the least retentive mean value was 
recorded in control group (51 N) followed by plasma sutface treatment 
for coping only (group 3) (70 N).

The analysis of variance (One way ANOVA) was made to show if there 
is a significant differences among the groups (Table 2).

The One way ANOVA test results indicated that there is a significant 
differences between the groups at (p-value < 0.01). This mean that one 
or all of groups are different from each other.

In order to know which of group are significant different from the 
other group, Duncan's multiple range test was made. The Duncan's 
Test revealed that all groups are different from each other as shown in 
Table (3):

Figure 2. Final adjustments and shape of coping.

Figure 3. Adhesive failure in abutment surface.

N Minimum Maximum Mean±SD

Group 1(no treatment) 10 40 60 51±6.6
Group 2 (plasma treatment for 
abutment) 10 127 150 143.2±6.5

Group 3 (plasma treatment for 
coping) 10 55 80 70.5±7.2

Group 4 (plasma treatment for 
abutment and coping) 10 150 175 163.5±8.2

Valid N (listwise) 10

Table 1. Descriptive statistical analysis of the studied parameters.

Sum of Squares df Mean Square F Sig.

Between Groups 89709.3 3 29903.1 583.602 0.0001
Within Groups 1844.6 36 51.239
Total 91553.9 39

Table 2. One way anova analysis of the studied parameters.

Codes N 1 2 3 4
Group 1 (no treatment) 10 51
Group 2(plasma treatment for abutment) 10 70.5
Group 3 (plasma treatment for coping) 10 143.2
Group 4 (plasma treatment for abutment 
and coping) 10 163.5

Sig. 1 1 1 1

Table 3. Duncan test analysis of the studied parameters.
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demand for dental prosthesis made of 3 mol.% tetragonal zirconia 
polycrystals stabilized by yttria.29,30 Subsequent technological 
advancements have made it possible to fabricate monolithic restorations 
without veneering porcelain, such as the development of 3YZ with a 
tooth-like hue and improvements in translucency.31,32 However, the 
practical applications of monolithic 3YZ prostheses are restricted 
to the molar region due to their inferior esthetics (particularly their 
translucency) compared to dental feldspathic porcelain and lithium 
disilicate.33 

The application of partially stabilized zirconia (PSZ), which is stabilized 
with roughly 5 mol% of yttria (5Y), in dentistry. Because 5Y has a 
higher translucency due to a higher fraction of the cubic phase and a 
lower fraction of the tetragonal phase of zirconia, it is mostly employed 
as a monolithic zirconia anterior coping.34 However, because there is 
less tetragonal zirconia in 5Y than in 3Y, the mechanical strength of 5Y 
is nearly half that of 3Y.35 Excellent mechanical qualities characterize 
the 3 mol% yttria-stabilized tetragonal zirconia polycrystal (3Y-TZP), 
notwithstanding its considerable opaqueness. Improved translucency 
is provided by the 5 mol% yttria-stabilized zirconia polycrystal (5Y-
ZP), yet many of its clinical characteristics have not been compared to 
those of 3Y-TZP.36

In order for titanium to withstand the different obstacles present in the 
oral environment, a strong and long-lasting cement bond is necessary 
when using titanium as the superstructure of a prosthetic.37 A luting 
cement's ability to stick to a surface is dependent on both physical 
and chemical bonding, there are several surface modification methods 
that have been suggested to improve binding; they include chemical 
bonding, micromechanical retention, and micromechanical retention 
combined with chemical bonding.38

For fixed restorations to be successful, coping retention is crucial. The 
geometry of the abutment preparation, surface area, abutment height, 
surface roughness, and cement type are related to the need for retention 
and resistance of cement-retained restorations. The doctor has control 
over two factors: surface roughness and luting chemicals.39

In the industrial sector, plasma treatment has been widely employed 
to alter product surfaces.40,41 Under normal pressure conditions, 
plasma is an electrically neutral ionized gas that contains electrons, 
UV radiation, and free radicals.41 This method has previously been 
utilized to effectively kill bacteria, even those found in bio-films 
on titanium surfaces.41,42 Since plasma irradiation doesn't require 
chemical additives, it doesn't pollute the environment. Thirteen The 
input power and the distance from the plasma flame both affect the 
plasma's temperature. Because of its wide temperature range of 37ºC 
to 62ºC, it was classified as biocompatible.43 According to reports, 
the surface can become hydrophilic and develop an oxide layer when 
plasma treatment is applied correctly. This could have an impact on the 
adhesive capabilities.44 

The adequate mechanical properties,45 low solubility,46 
biocompatibility,47,48 and high adhesion to the tooth structure of resin 
cements have made them widely used for luting ceramic restorations.49 
Three ways are commonly available for curing resin cements: chemical, 
light, or a combination of both.50 Dual-cured cements were developed 
in order to attain superior mechanical properties and a high degree of 
conversion in the presence or absence of light.51 

In clinical situations, a reduced inter-arch space leads to a cemented 
prosthesis retention issue. Because implant-supported cement-retained 
restorations can improve esthetics, maximize occlusal interdigitation, 
and offer a passive fit, their adoption has surged. In certain sorts of 
clinical conditions, it becomes important to employ a cement-retained 
prosthesis instead of a screw-retained one. Applying airborne particle 
abrasion, bur adjustments, plasma surface treatment, retentive groove 

addition, and minimal angle of convergencenc are recommended to 
promote retention.52

According to the results of this study, null hypothesis was rejected 
because there was statistical significance effect of plasma surface 
treatment on tensile bond strength of (5)Y Zirconia coping fixed 
on titanium implant abutment, that effect was increase tensile bond 
strength after plasma surface treatment .

According to the results of our study, arrangement of all groups from 
high to low value of tensile bond strength was: Group 4 < Group 2 < 
Group 3 < Group 1. Śmielak et al. (2015)53 found that titanium without 
surface treatment results in low tensile bonding strength between 
zirconia and titanium, the control group 1(which did not apply any 
surface treatment to titanium) had the lowest bond strengths and 
tended to produce specimens with adhesive failure patterns between 
the resin cement and titanium abutment.53 This result is consistent with 
the findings of our research.

Tensile bond strength was higher in group 2 (plasma treatment 
for abutment only) than in group 1 (control) and group 3 (plasma 
treatment for coping), but lower in groups 4( plasma for abutment and 
coping). These findings are consistent with those of Seker et al. (2015),54 
who found that bond strength increased slightly but significantly after 
an atmospheric plating treatment was applied to a titanium disc surface 
in comparison to a control group. Additionally, our findings in line 
with those of Ozyetim et al. (2023),55 who discovered that atmospheric 
plasma treatment considerably raised the retention value between the 
coping and abutment in comparison to the control group (P <0.01). 
Cold atmospheric plasma's (CAP) capacity to alter the physico-chemical 
properties of titanium surfaces without affecting their microstructure, 
as well as how well it works to lower the treated surfaces' in vitro 
water contact angle (WCA) and enhance their hydrophilic surface 
characteristics.56

The impact of atmospheric plasma surface treatment on the adhesion of 
particular dental material types—polymers, more so than zirconia and 
titanium—has been the subject of numerous studies. Certain authors 
claim that procedures to alter the plasma surface help form stronger 
connections, make the surface more wettable, and give additional 
molecules chemically active sites to attach to it.57

Plasma surface treatment for zirconia coping (Group 3) increase 
tensile bond strength more than control group but this increased less 
than group 2 and group 4, because plasma treatment raises surface 
energy (SE) for zirconia coping. High energy electrons break down the 
moisture in the gas and environment during NTP treatment, producing 
OH radicals. The organic contaminants bonded to the zirconia surface 
are broken or eliminated.58,59,60 As a result, this impact promotes the 
production of active peroxide radicals, which increase the Y-TZP 
surface's ability to combine functional groups like C-O and C-OH 
(these functional groups found in resin cement).61 Surface wettability 
is enhanced by an increase in the polar portion of the surface that 
contains oxygen.62 This is in line with the Kim et al. (2019)63 study's 
findings, which show that the NTP therapy caused the contact angle to 
drop and the SE to increase.63

When we used plasma surface treatment for both titanium abutment 
and Zirconia coping (group 4) we got highest tensile bond strength 
among other groups, because there was combination of plasma effect 
on titanium abutment and plasma effect on (5Y-TZP) coping, mode of 
failure for all samples was adhesive failure in abutment surface. 

CONCLUSION 
Plasma had a significant influence on the tensile bond strength between 
the titanium implant abutment and (5) yttria zirconia coping. Plasma 
treatment for titanium implant abutment had increased the tensile 
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bond strength more than the Plasma treatment for (5Y-TZP) coping. 
From the result of this study, the combination of plasma surface 
treatment for both implant abutment and inner surface of zirconia 
coping were the most effective plasma surface treatment to improved 
bonding between titanium and zirconia, that may be recommended for 
clinical guideline of bonding between the zirconia coping and titanium 
implant abutment. Mode of failure for all samples was adhesive failure 
in abutment surface.

REFERENCES
1. Madeeh SW, Gasgoos SS. Evaluation of skeletal changes after 

mini-implant assisted rapid maxillary expansion in young adults: 
CBCT study.   

2. Prots H, Rozhko M, Paliichuk I, Nychyporchuk H, Prots I. Study of 
bone resorption as a risk factor in dental implantation in patients 
with generalized periodontitis. Georgian Medical News. 2023 Feb 
1(335):73-8.

3. Akca K, İplikçioğlu H, Çehreli MC. Comparison of uniaxial resistance 
forces of cements used with implant-supported crowns. International 
Journal of Oral & Maxillofacial Implants. 2002 Jul 1;17(4).

4. Tavangar MS, Jafarpur D, Bagheri R. Evaluation of compressive 
strength and sorption/solubility of four luting cements. Journal of 
dental biomaterials. 2017 Jun;4(2):387.

5. Giti R, Vojdani M, Abduo J, Bagheri R. The comparison of sorption 
and solubility behavior of four different resin luting cements in 
different storage media. Journal of Dentistry. 2016 Jun;17(2):91. 

6. Diemer F, Stark H, Helfgen EH, Enkling N, Probstmeier R, Winter 
J, Kraus D. In vitro cytotoxicity of different dental resin-cements 
on human cell lines. Journal of Materials Science: Materials in 
Medicine. 2021 Jan;32:1-1.

7. Colombo M, Gallo S, Padovan S, Chiesa M, Poggio C, Scribante 
A. Influence of different surface pretreatments on shear bond 
strength of an adhesive resin cement to various zirconia ceramics. 
Materials. 2020 Feb 1;13(3):652.

8. Al-Nuaimi N, Gasgoos S. Effect of chicken eggshell paste on 
enamel surface microhardness and colour change of artificial 
carious lesions created on permanently extracted teeth. Georgian 
Medical News. 2023 Jul 1(340-341):107-12.

9. Kolakarnprasert N, Kaizer MR, Kim DK, Zhang Y. New multi-layered 
zirconias: Composition, microstructure and translucency. Dental 
Materials. 2019 May 1;35(5):797-806.

10. Mao L, Kaizer MR, Zhao M, Guo B, Song YF, Zhang Y. Graded 
ultra-translucent zirconia (5Y-PSZ) for strength and functionalities. 
Journal of dental research. 2018 Oct;97(11):1222-8.

11. Abbas AS, Jarjees HT. Evaluation The Effect of The Addition of 
Zirconium Oxide And Titanium Dioxide Nanoparticles on shear 
Bond Strengths of Orthodontic Adhesive: in-vitro study. Evaluation. 
2023 Apr;63(04).

12. Camposilvan E, Leone R, Gremillard L, Sorrentino R, Zarone F, 
Ferrari M, Chevalier J. Aging resistance, mechanical properties 
and translucency of different yttria-stabilized zirconia ceramics for 
monolithic dental crown applications. Dental Materials. 2018 Jun 
1;34(6):879-90.

13. Zhang F, Reveron H, Spies BC, Van Meerbeek B, Chevalier J. 
Trade-off between fracture resistance and translucency of zirconia 
and lithium-disilicate glass ceramics for monolithic restorations. 
Acta biomaterialia. 2019 Jun 1;91:24-34.

14. Chu PK, Chen JY, Wang LP, Huang N. Plasma-surface modification 
of biomaterials. Materials Science and Engineering: R: Reports. 
2002 Mar 29;36(5-6):143-206.

15. da Silva BT, Trevelin LT, de Sá Teixeira F, Salvadori MC, Cesar PF, 
Matos AB. Non-thermal plasma increase bond strength of zirconia to 
a resin cement. Brazilian Dental Science. 2018 May 23;21(2):210-9.

16. Liu YC, Hsieh JP, Chen YC, Kang LL, Hwang CS, Chuang SF. 
Promoting porcelain–zirconia bonding using different atmospheric 
pressure gas plasmas. Dental Materials. 2018 Aug 1;34(8):1188-98.

17. Vechiato-Filho AJ, Matos AO, Landers R, Goiato MC, Rangel EC, 
De Souza GM, Barão VA, Dos Santos DM. Surface analysis and 
shear bond strength of zirconia on resin cements after non-thermal 
plasma treatment and/or primer application for metallic alloys. 
Materials Science and Engineering: C. 2017 Mar 1;72:284-92.

18. Pott PC, Syväri TS, Stiesch M, Eisenburger M. Influence of 
nonthermal argon plasma on the shear bond strength between 
zirconia and different adhesives and luting composites after 
artificial aging. The Journal of Advanced Prosthodontics. 2018 
Aug;10(4):308-14.

19. Vogelsang A, Ohl A, Steffen H, Foest R, Schröder K, Weltmann KD. 
Locally resolved analysis of polymer surface functionalization by an 
atmospheric pressure argon microplasma jet with air entrainment. 
Plasma Processes and Polymers. 2010 Jan 14;7(1):16-24.

20. Ismail SA. AlHayaly AL. (2011). The Effect of Surface Treatment of 
Implant Abutment on Tensile Bond Strength of Nickel-Chromium 
Prosthesis: A comparative study. M.Sc. Thesis. Mosul University, 
Dentistry College. Mosul, Iraq.

21. Jassim SJ, Majeed MA. Effect of plasma surface treatment of three 
different CAD/CAM materials on the micro shear bond strength 
with resin cement (A comparative in vitro study). Heliyon. 2023 Jul 
1;9(7).

22. Kim SM, Yoon JY, Lee MH, Oh NS. The effect of resin cements 
and primer on retentive force of zirconia copings bonded to zirconia 
abutments with insufficient retention. The journal of advanced 
prosthodontics. 2013 May 1;5(2):198-203.

23. McCracken M. Dental implant materials: commercially pure titanium 
and titanium alloys. Journal of prosthodontics. 1999 Mar;8(1):40-3.

24. Phark JH, Duarte Jr S, Blatz M, Sadan A. An in vitro evaluation 
of the long-term resin bond to a new densely sintered high-
purity zirconium-oxide ceramic surface. The Journal of prosthetic 
dentistry. 2009 Jan 1;101(1):29-38. 

25. Attia A. Bond strength of three luting agents to zirconia ceramic-
influence of surface treatment and thermocycling. Journal of 
Applied Oral Science. 2011;19:388-95.

26. Kern M. Resin bonding to oxide ceramics for dental restorations. 
Journal of Adhesion Science and Technology. 2009 Jan 1;23(7-
8):1097-111.

27. de Oyagüe RC, Monticelli F, Toledano M, Osorio E, Ferrari M, 
Osorio R. Influence of surface treatments and resin cement 
selection on bonding to densely-sintered zirconium-oxide ceramic. 
Dental materials. 2009 Feb 1;25(2):172-9.

28. Kitayama S, Nikaido T, Takahashi R, Zhu L, Ikeda M, Foxton 
RM, Sadr A, Tagami J. Effect of primer treatment on bonding of 
resin cements to zirconia ceramic. Dental materials. 2010 May 
1;26(5):426-32.

29. Denry I, Kelly JR. State of the art of zirconia for dental applications. 
Dental materials. 2008 Mar 1;24(3):299-307.

30. Piconi C, Maccauro G. Zirconia as a ceramic biomaterial. 
Biomaterials. 1999 Jan 1;20(1):1-25.

31. Johansson C, Kmet G, Rivera J, Larsson C, Vult Von Steyern P. 
Fracture strength of monolithic all-ceramic crowns made of high 
translucent yttrium oxide-stabilized zirconium dioxide compared 
to porcelain-veneered crowns and lithium disilicate crowns. Acta 
Odontologica Scandinavica. 2014 Feb 1;72(2):145-53.

32. Nakamura K, Ankyu S, Nilsson F, Kanno T, Niwano Y, von Steyern 
PV, Örtengren U. Critical considerations on load-to-failure test 
for monolithic zirconia molar crowns. Journal of the Mechanical 
Behavior of Biomedical Materials. 2018 Nov 1;87:180-9. 



209

Alyas AA, et al. Effect of Plasma Treatment on Tensile Bond Strength of (5) Yttrium Zirconia Coping Fixed on Titanium Implant Abutment

Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024

33. Nakamura K, Harada A, Inagaki R, Kanno T, Niwano Y, Milleding 
P, Örtengren U. Fracture resistance of monolithic zirconia molar 
crowns with reduced thickness. Acta Odontologica Scandinavica. 
2015 Nov 17;73(8):602-8.

34. Noda M, Okuda Y, Tsuruki J, Minesaki Y, Takenouchi Y, Ban S. 
Surface damages of zirconia by Nd: YAG dental laser irradiation. 
Dental materials journal. 2010;29(5):536-41.

35. Ban S. Perfect guide book for CAD/CAM materials, 1-96, Ishiyaku, 
Tokyo, 2017.

36. Kwon SJ, Lawson NC, McLaren EE, Nejat AH, Burgess JO. 
Comparison of the mechanical properties of translucent zirconia 
and lithium disilicate. The Journal of prosthetic dentistry. 2018 Jul 
1;120(1):132-7.

37. Tsuchimoto Y, Yoshida Y, Takeuchi M, Mine A, Yatani H, Tagawa 
YI, Van Meerbeek B, Suzuki K, Kuboki T. Effect of surface pre-
treatment on durability of resin-based cements bonded to titanium. 
Dental Materials. 2006 Jun 1;22(6):545-52.

38. Fonseca RG, Haneda IG, de Almeida-Junior AA, Abi-Rached FD, 
Adabo GL. Efficacy of air-abrasion technique and additional surface 
treatment at titanium/resin cement interface. Journal of Adhesive 
Dentistry. 2012 Sep 1;14(5).

39. Misch CE. Dental Implant Prosthetics. St. Louis: Elsevier-
Mosby,2015:662−71.

40. Nishigawa G, Maruo Y, Oka M, Okamoto M, Minagi S, Irie M, 
Suzuki K. Effect of plasma treatment on adhesion of self-curing 
repair resin to acrylic denture base. Dent Mater J 2004;23:545-9. 

41. Duske K, Koban I, Kindel E, Schröder K, Nebe B, Holtfreter B, 
Jablonowski L, Weltmann KD, Kocher T. Atmospheric plasma 
enhances wettability and cell spreading on dental implant metals. J 
Clin Periodontol 2012;39:400-7. 

42. Koban I, Holtfreter B, Hübner NO, Matthes R, Sietmann R, Kindel E, 
Weltmann KD, Welk A, Kramer A, Kocher T. Antimicrobial efficacy 
of non-thermal plasma in comparison to chlorhexidine against dental 
biofilms on titanium discs in vitro - proof of principle experiment. J 
Clin Periodontol 2011;38:956-65. 

43. Idlibi AN, Al-Marrawi F, Hannig M, Lehmann A, Rueppell A, 
Schindler A, Jentsch H, Rupf S. Destruction of oral biofilms formed 
in situ on machined titanium (Ti) surfaces by cold atmospheric 
plasma. Biofouling 2013;29:369-79. 

44. Weltmann KD, Kindel E, Brandenburg R, Meyer C, Bussiahn R, 
Wilke C, von Woedtke T. Atmospheric pressure plasma jet for 
medical therapy: Plasma parameters and risk estimation. Contrib 
Plasma Phys 2009;49:631-40.

45. Spazzin AO, Guarda GB, Oliveira-Ogliari A, Leal FB, CorrerSobrinho 
L, Moraes RR. Strengthening of porcelain provided by resin 
cements and flowable composites. Oper Dent. 2016;41:179–88.

46. Manso AP, Silva NR, Bonfante EA, Pegoraro TA, Dias RA, Carvalho 
RM. Cements and adhesives for all-ceramic restorations. Dent Clin 
North Am. 2011;55:311–32.

47. Manso AP, Carvalho RM. Dental cements for luting and bonding 
restorations: self-adhesive resin cements. Dent Clin North Am. 
2017;61:821–34.

48. Pegoraro TA, da Silva NR, Carvalho RM. Cements for use in esthetic 
dentistry. Dent Clin North Am. 2007;51:453–71.

49. Nalcaci A, Kucukesmen C, Uludag B. Effect of high-powered LED 
polymerization on the shear bond strength of a light-polymerized 
resin luting agent to ceramic and dentin. J Prosthet Dent. 
2005;94:140–5. 

50. Mendonça LMD, Ramalho IS, Lima LASN, Pires LA, Pegoraro TA, 
Pegoraro LF. Influence of the composition and shades of ceramics 
on light transmission and degree of conversion of dual-cured resin 
cements. J Appl Oral Sci. 2019;27.

51. Almulayounis M, Al-Ali A. Effect of heat treatment duration and 
cooling conditions on tensile properties and hardness of selective-
laser-melted cobalt-chromium alloy. Georgian Medical News. 2023 
Apr 1(337):38-42.

52. Shrivastav M. Effect of surface treatments on the retention of 
implant-supported cement-retained bridge with short abutments: 
An in vitro comparative evaluation. The Journal of the Indian 
Prosthodontic Society. 2018 Apr;18(2):154.

53. Śmielak B, Gołębiowski M, Klimek L. The influence of abutment 
surface treatment and the type of luting cement on shear bond 
strength between titanium/cement/zirconia. Advances in Materials 
Science and Engineering. 2015 Oct 28;2015.

54. Seker E, Kilicarslan MA, Deniz ST, Mumcu E, Ozkan P. Effect of 
atmospheric plasma versus conventional surface treatments on 
the adhesion capability between self-adhesive resin cement and 
titanium surface. The journal of advanced prosthodontics. 2015 Jun 
1;7(3):249-56.

55. Ozyetim EB, Ozdemir Z, Basim GB, Bayraktar G. Effect of Different 
Surface Treatments on Retention of Cement-Retained, Implant-
Supported Crowns. International Journal of Prosthodontics. 2023 
Jan 1;36(1).

56. Hui WL, Perrotti V, Iaculli F, Piattelli A, Quaranta A. The emerging 
role of cold atmospheric plasma in implantology: A review of the 
literature. Nanomaterials. 2020 Jul 31;10(8):1505.

57. Valverde GB, Coelho PG, Janal MN, Lorenzoni FC, Carvalho RM, 
Thompson VP, Weltemann KD, Silva NR. Surface characterisation 
and bonding of Y-TZP following non-thermal plasma treatment. 
Journal of dentistry. 2013 Jan 1;41(1):51-9.

58. Park C, Yoo SH, Park SW, Yun KD, Ji MK, Shin JH, Lim HP. The 
effect of plasma on shear bond strength between resin cement 
and colored zirconia. The journal of advanced prosthodontics. 2017 
Apr;9(2):118-23.

59. Ito Y, Okawa T, Fukumoto T, Tsurumi A, Tatsuta M, Fujii T, Tanaka 
J, Tanaka M. Influence of atmospheric pressure low-temperature 
plasma treatment on the shear bond strength between zirconia 
and resin cement. Journal of Prosthodontic Research. 2016 Oct 
1;60(4):289-93.

60. Tabari K, Hosseinpour S, Mohammad-Rahimi H. The impact of 
plasma treatment of Cercon® zirconia ceramics on adhesion to 
resin composite cements and surface properties. Journal of lasers 
in medical sciences. 2017;8(Suppl 1):S56.

61. da Silva BT, Trevelin LT, de Sá Teixeira F, Salvadori MC, Cesar PF, 
Matos AB. Non-thermal plasma increase bond strength of zirconia 
to a resin cement. Brazilian Dental Science. 2018 May 23;21(2):210-
9.

62. Júnior VV, Dantas DC, Bresciani E, Huhtala MF. Evaluation of 
the bond strength and characteristics of zirconia after different 
surface treatments. The Journal of prosthetic dentistry. 2018 Dec 
1;120(6):955-9.

63. Kim DS, Ahn JJ, Bae EB, Kim GC, Jeong CM, Huh JB, Lee SH. 
Influence of non-thermal atmospheric pressure plasma treatment 
on shear bond strength between Y-TZP and self-adhesive resin 
cement. Materials. 2019 Oct 12;12(20):3321. 



210 Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024

Alyas AA, et al. Effect of Plasma Treatment on Tensile Bond Strength of (5) Yttrium Zirconia Coping Fixed on Titanium Implant Abutment

GRAPHICAL ABSTRACT

Cite this article: Younis AA, Altaie AA, Alkhalidi EF. Effect of Plasma Treatment on Tensile Bond Strength of (5) Yttrium Zirconia 
Coping Fixed on Titanium Implant Abutment. Pharmacog J. 2024;16(1): 204-210.


	Title
	Abstract

