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Abstract: Aim: surface modification of titanium using fiber laser 1064 nm to enhance the bond strength to resin 

cement. Material and Methods: thirty titanium discs of 0.6 cm x 0.3 cm (diameter and thickness respectively) 

were categorized after preparation into three groups (n=10) as follows: control group with no surface treatment 

and two test groups were treated with fiber laser after estimation the appropriate parameters in the pilot study 

which are 81 ns pulse duration, 30,000 Hz frequency, 50 µm spot size and 10,000 mm/s scanning speed and 

different average power values (10 W and 20 W) depending on the tested group. Titanium discs surface 

characterization was performed by scanning electron microscope (SEM), and surface roughness tester. 

Following these tests, resin cement application to titanium discs was performed. Shear bond strength (SBS) 

values were determined by universal testing machine. ANOVA and Tukey HSD tests were used for analyzing of 

data (α = 0.05).Results: Higher average surface roughness (Ra) value was observed in (10 W) group followed 

by (20 W) group and the lowest surface roughness value was in the control group, additionally lowest SBS value 

was obtained from the control group and the highest SBS value was obtained from (20 W) group followed by 

(10 W) group. Conclusion: bond strength between titanium and resin cement can be significantly enhanced by 

using fiber laser as a surface treatment. Average power of fiber laser is essential parameter in enhancing the 

roughness of titanium surface and bonding to resin cement. 
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1. Introduction: 

 

   The most important part of the dental implant 

system is implant abutment which could be 

made of titanium or its alloys or recently 

zirconia and PEEK were also suggested (Shafie, 

2014). 

 Implant abutment represents the connection 

between the intra boney part (fixture) with the 

oral substitute structure (crown, bridge, and 

denture) therefore; this part may play a great 

role in the restoration longevity (Iocca, 2016). 

This obligates to establish well-tolerated 

connection between the restoration and 

abutment. Two main connection methods were 

suggested with the introduction of dental 

implant in service either screws or cement-

retained prosthesis (Chaar et al., 2011). The 

most popular and easier type is cement retained 

prosthesis because it does not require 

complicated steps or preparation with very good 

results and withstand load (Akin & Guney, 

2012). 
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 The connection between implant abutment and 

restoration can be improved depending on many 

factors including surface area, height of 

abutment, abutment taper, type of  luting cement  

and  finish or roughness of surface (Sahu et al., 

2014). When the surface area of abutment 

increased, the resistance to dislodgement can be 

physically increased. Wide surface area could be 

inherent especially in long or wide diameter 

abutments, but since dental implant cover a 

wide range of cases some of these could be with 

short, small in diameter or angled abutment. All 

these situations require some modification in 

implant abutment to improve surface area, 

which in turn enhances restoration resistance to 

dislodging functional loads (Oshida et al., 

2010). Various techniques were used to enhance 

the bonding characteristics by surface 

modification of titanium abutment such as 

sandblasting, acid etching, electro discharge 

machining, grinding with bur, or a combination 

of these methods. Studies have shown that these 

techniques affect the bond strength at various 

amount (Ates et al., 2017; Cao et al., 2019; Kim 

& Cho, 2009). Lasers currently used in medical 

applications because it performs without residue 

and can be used safely with minimal precautions 

or preparations. ((Kim et al., 2020; Safi et al., 

2019) 

Titanium laser treatment were applied for 

fixture or restoration, it gave interesting results 

when proper laser was selected. Fiber laser 1064 

nm is among the lasers which well absorbed and 

interact with titanium. Studies using different 

lasers as Nd:YAG 1064 nm, CO₂  10600 nm or 

Er:YAG 2940 nm  gave promising results 

considering surface modification of titanium ( 
Marticorena et al 2007; Yeo, 2020) Fiber laser 

1064 nm is among the lasers which is well 

absorbed by titanium, it used currently in 

surface texturing and in some biological studies 

to create favorable modification by cells or 

proteins (Oktem et al., 2010; Riveiro et al. 

,2018). Abutment-laser interaction may result in 

ablation and surface roughness enhancement, 

which could increase surface area and creates 

mechanical interlocking which probably 

improve retention. This roughness can be also 

obtained by sandblasting, grinding or etching 

but with wide range of variations, which may 

affect on standardization and homogeneity 

(Ajay et al., 2017).The present study aimed to 

investigate the effect of fiber laser 1064 nm on 

surface roughness and shear bond strength of 

titanium being used as abutment to resin cement 

for enhancing crown retention. 

 

2. Material and methods: 

 

  Thirty titanium discs of 0.6 cm x 0.3 cm 

(diameter and thickness respectively) were cut 

by wire cut lathe machine (Bantam/ Italy) from 

commercially pure titanium rod grade Ⅱ (Baoji 

Jinsheng Metal Material/China) (Śmielak et al., 

2015).Titanium discs were grinded and polished 

using silicon carbide papers in sequence of 120, 

320, 500, 800, 1200, 2000 and 2400 grit size to 

obtain a uniform surface as shown in figure (1), 

after that the discs were cleaned ultrasonically 

with ethanol for 15 min then with distilled water 

for 10 min and left to dry. 

 
Figure (1): Titanium discs were grinded and 

polished using silicon carbide papers in sequence of 

120, 320, 500, 800, 1200, 2000 and 2400 grit size to 

obtain a uniform surface) 

 

Ytterbium (Yb) Q-switched fiber laser 1064 nm 

(Wuxi Raycus fiber laser Technologies /RFL-P 

100Q, China) was used for surface modification 

of titanium discs with 81 ns pulse duration, 

30,000 Hz repetition rate, 50 µm spot size and 

10,000 mm/s scanning speed. The average 

power was 10 W or 20 W depending on the 

tested group. Surface modification pattern was 

in the form of lines with 100 µm hatch distance. 
 

Titanium discs were arranged into three groups 

in accordance with the variation in average 

power of fiber laser (n=10)   as follows: 

1. Control group: with no surface modification. 

2. 10 W group: modification with fiber laser 

(average power 10 W and peak power 

4115.2 W). 

3. 20 W group: modification with fiber laser 

(average power 20 W and peak power 

8230.4 W). 

Following laser irradiation of titanium discs, 

from each group one disc surface was examined 

by (SEM) (TESCAN / VEGA 2, Czech) with 
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magnification of 2000x to examine the surface 

morphology and to determine that if any cracks 

or defects are formed following laser treatment. 

Average surface roughness (Ra) of titanium 

discs were examined by surface roughness tester 

(SRT 6210, China) that illustrated in figure (2) 

which contained 5 µm radius diamond probe pin 

oriented vertically to the surface of titanium disc 

with 0.25 mm cut off distance. The average 

value in micrometer was determined from three 

measurements on each surface. 

 

 
Figure (2): Surface roughness tester. 

 

After that, titanium discs embedded in mold of 

cold-cure acrylic to depth of 2 mm and about 1 

mm from disc height was remained uncovered 

to guarantee that Ti disc remain intact 

throughout cementation as shown in figure (3). 

For application of resin cement, a customized 

made silicon mold that shown in figure (4) was 

constructed with a central circular opening of 5 

mm x 3 mm (diameter and depth respectively) 

to mold the cement over the disc, and this 

opening surrounded by another wider border of 

6 mm x 1 mm (diameter and depth respectively) 

for encountering the disc to fit the mold over it. 

 
Figure (3): Acrylic molds of titanium discs which 

embedded to depth of 2 mm and about 1 mm from 

disc height was remained uncovered to guarantee that 

Ti disc remain intact throughout cementation. 

 

 
Figure (4): A customized made silicone mold for 

application of resin cement over the titanium discs. 

 

Cementation procedure that shown in figure (5) 

was done using resin cement (Breeze self-

adhesive resin cement, Pentron/ USA) following 

manufactures instructions.  

 
Figure (5): Cementation procedure performed by 

dispensing an equal volume of resin cement through 

mixing tip and distributed through the mold opening 

then photopolymerized by light curing device. 

 

An equal volume of resin cement mixed by 

mixing tip and distributed through the silicon 

mold opening, then photopolymerization of   

resin cement done via light curing device for 40 

seconds. After silicone mold removing, the discs 

were kept in a water bath contained distilled 

water for 24 hours at 37 °C (Ates et al., 2017). 

Shear bond strength (SBS) test was performed 

using universal testing machine 

(LARYEE/WDW 50, China), the blade-end rod 

position was perpendicularly to titanium–resin 

cement interface, and load application 

performed with 0.5 mm/ min crosshead speed 

until the occurrence of failure (Cao et al., 2019). 

Values of SBS (MPa) were estimated according 

to this formulation (Murthy, Manoharan, & 

Livingstone, 2014) :  

  
 

 
 

Where; 

S = Shear bond strength [MPa] 

 F = Applied force [N] 



13 
 

 A = bond area [mm²] 

 

3. Statistical analysis: 

 

Analyzing of data was achieved using SPSS 

version 24 to analyze the data including 

descriptive and inferential statistics. ANOVA 

test was done for detection the significant 

differences of Ra and SBS between the groups, 

while Tukey HSD-test performed for detection 

the significant differences of SBS between 

every two groups at (P < 0.05). 

 

4. Results: 

 

4.1 Scanning electron microscope: 

  

Photographs of SEM of the control and 

irradiated discs were illustrated in Figure (6). 

Control specimen appears to be smooth in 

comparison with test group specimens. The 

texture of the test group specimens consist of 

micro retentive grooves and display uniform 

roughness pattern, deep penetration areas by 

fiber laser beam without  the presence of defects 

or cracks. 

 

4.2 Surface roughness: 

 

Higher Ra value was observed in (10 W) group 

followed by (20 W). The control group 

displayed the lowest Ra value as compared with 

the other groups Table (1). ANOVA test in table 

(2) shows a high significant difference for Ra 

than the control group (P < 0.05). 

 

 

4.3 Shear bond strength: 

 

Results considering SBS test  showed   that   the 

highest value of SBS mean was obtained at 

average power of 20 W followed by 10 W while 

the lowest value SBS mean observed in control 

group as shown in Table (1). ANOVA test in  

table (3) shows a high significant difference for 

SBS than the control group (P < 0.05).  

 

 

 

 
Figure (6): SEM photographs of titanium discs at 

magnification of 2000x (a) control, (b) 10 W and (c) 

20 W. 

 

Tukey HSD test in Table (4) shows that there is 

a high significant difference between the control 

group and each of the experimental groups and 

there is a high significant difference among the 

laser-irradiated groups. 
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Table 1: Descriptive statistics of Ra (mean ± SD) and SBS (mean ± SD). 

 

Groups Ra (µm) SBS (MPa) 

control 0.421±0.030 1.585±0.089 

10 W 2.357±0.002 3.896±0.050 

20 W 2.292±0.005 5.981±0.058 

 

 

Table (2): ANOVA Test of Ra Data 

 

 Sum of Squares Df Mean square F Significance 

Between groups 24.162 2 12.081 38057.665 0.000 

Within groups .009 27 .000   

Total 24.171 29    

 
 

Table (3): ANOVA Test of SBS Data 

 Sum of Squares Df Mean square F Significance 

Between groups 96.727 2 48.363 10466.757 0.000 

Within groups .125 27 .005   

Total 96.852 29    

 

 
Table (4): Tukey HSD Test between groups for SBS. 

 

SBS 

Groups  Mean 

Difference  

Significance 

Control 10 W 

20 W 

-2.311 

-4.396 

0.000 

0.000 

10 W 20 W -2.085 0.000 

 

 

 

 

 

 

 

5. Discussion: 

 

Retention loss is a common issue with cement-

retained implant supported prostheses about 

16.8% Chaar et al., 2011), therefore to ensure 

optimal prosthesis performance, a strong bond 

between the titanium abutment and cement is 

required.  This study was performed for 

investigation the effect of different average 

power values of fiber laser on the surface 

roughness and SBS of resin cement to titanium. 
SEM analysis revealed a different in 

morphology of the surface between control 

specimen and fiber laser treated specimens that 

occurred because titanium absorbing laser 

energy and converting it into thermal energy, 

resulting in melting and vaporization. 

Modification of titanium surface with fiber laser 

enhance Ra that result in increasing the surface 
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area with no defects or cracks, the surface area 

is directly proportional with retention which is 

important to improve bonding of cement to 

abutment, the findings of this study are in 

agreement with those of Korkmaz and Aycan 

2019, who found that using a fiber laser to treat 

titanium alloy resulted in an increase in surface 

roughness without defects or cracks. When 

compared to the control group, all experimental 

groups showed greater Ra values, Surface 

roughness differed between the experimental 

groups due to differences in the average power 

of the fiber laser resulting in varying degrees of 

melting and vaporization. Furthermore, at higher 

value of average power (20 W) reduction in Ra 

was noticed because the temperature received 

by the specimen increased, leading to increase 

melting and further melt deposition on the 

surface and this lead to reduction in roughness 

to particular extent (Xi et al., 2019). 

In comparison to the control group, the two laser 

treated groups had high significant SBS values 

because the surface area of titanium increases as 

the Ra increases, and surface roughness produce 

areas of mechanical interlocking that are 

advantageous to the cement material, improving 

bond strength (Elsaka, 2013), This is in 

conformity with the results of Ates et al. , 2017 

study who found that treatment of titanium with 

fiber laser enhance the roughness of the surface 

and raised the SBS significantly. 

Moreover, in this study it was found that 

excessive roughness of the surface that obtained 

from (10 W) group lead to reduction in SBS 

value as compared with (20 W) group, this 

leading to actuality that excessive roughness 

does not increase SBS value because excessive 

roughness of the surface create intense-stress 

areas at the interface of cement and titanium 

wherein severe angled edges contribute to 

insufficient resin cement flow into the surface's 

minute roughness, preventing the adhesive from 

fully bonding to the surface (Fawzy & El-

Askary, 2009).This finding is consistent with 

prior studies that found that increasing 

roughness of the surface did not increase the 

bond strength (Elsaka, 2013; Elsaka & Swain, 

2013; Seker, et al.,2015).  

 

6. Conclusions: 

 

Irradiation the surface of titanium with Fiber 

laser lead to increase the surface roughness with 

no cracks or defects  and it has a significant 

improvement on the SBS between titanium and 

resin cement.  
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جالتيتانيوم بإسمنت الراتن دعامت زرعت تأثير الليسر الليفي على قوة ارتباط  

 

 ربى حسام عبذ الرزاق      باسمت محمذ علي حسين

العشاق –للذساسات العليا، جاهعة بغذاد/ بغذاد هعهذ الليزس   

 

ًاًىهحش لحعزيز لىة الحشابط  هع   3101جعذيل سطح الحيحاًيىم باسحخذام  الليزس الليفي رو الطىل الوىجي  :هذفالخلاصت :ال

ععا هععي الحيحععاًيىم ب  ععن  المووواد لالقوورق: اسععوٌث الععشاجٌ   سععن طلطععش وسععو   لعع   1 1× سععن  0 1جععن جظععٌيث ن نععيي لشطا

ب  لعع  الٌ ععى الحععاليع ه وى ععة الععح من دوى سط هعال ععة سععط ية 31الحععىاليب بعععذ الح إععيش ثلعع  نعع خ ه وى ععات طى   

هيمشوهحعش  01ن ال مععة هشجعز ، ج ع 11111 ًاًىناًيعة، الحعشدد 13وه وى حيي جوث هعال حهوا بأليعا  الليعزس هعذة الٌ إعة 

جعن ثجعشا   واطب جسع  الو وى عة الوخح عشة  21واط و  31هن / ناًية وهحىسط لين الطالة هخحلفعة ط 31111وسش ة الوسح 

ب واخح اس خشىًة السطح  بعذ هزٍ الاخح عاسات ، جعن SEMجىطيث سلشاص الحيحاًيىم  ي طشيك هسح الو هش الإلمحشوًي ط

ب بىاسعطة للعة اخح عاس  الويعة  SBSية  ل  سلشاص الحيحاًيىم  جن ج ذيذ لين لىة سابطة المض طجط يك هادة الإسوٌث الشاجيٌ 

لعىج  اسجفعاق ليوعة خشعىًة  النتواجج: ب α = 0.05لح ليعل ال ياًعات ط Tukey HSDو  ANOVAجعن اسعحخذام اخح عاسات 

ث في ه وى ة العح من، بالإاعافة واطب وسدً  دسجة خشىًة للسطح كاً 21واطب جليها ه وى ة ط 31السطح في ه وى ة ط

واطب جليهعا ه وى عة  21هعي ه وى عة ط SBSهي ه وى ة الح من وس ل  ليوعة  SBSثل  رل  جن ال ظىل  ل  سدً  ليوة 

يومي جعزيز لىة الحشابط بعيي الحيحعاًيىم واسعوٌث العشاجٌ  بشعمل ك يعش باسعحخذام الليعزس الليفعي كعع    الاستنتاج:واطب  31ط

ط طالععة سليعا  الليعزس هعلوععة سساسعية فعي جعزيععز خشعىًة سعطح الحيحععاًيىم والالحظعاق ب سعوٌث الععشاجٌ    للسعطح  يععذ هحىسع

 بالإاافة ثل  رل  ، لىج  وجىد اسج اط سل ي بيي خشىًة السطح و لىة سابطة المض في الو وى ات الح شي ية 

 

 

 


