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ABSTRACT 
Background: Pure titanium and titanium alloys are standard materials in dental implants because of their favorable combination 
of mechanical strength, chemical stability, and biocompatibility. Objective: Modifications achieved by laser pulses of titanium 
samples were investigated in order to improve their surface characteristics so as to facilitate bio- integration. Results: After the 
laser treatment all samples have the same response to the laser irradiation and the slight differences in the roughness values was 
observed. From the results of ion release analysis it was found that the release of Ti ion rise in first three days and after that 
released of Ti ions begin to stabilize after the laser pulses. Conclusion: strong titanium oxide layer was observed after laser pulsed 
result improving of surface roughness and topography and it was method of choice for complex surface geometries providing 
energy focused on one spot especially in the inside of implant thread. 

 
KEYWORDS: titanium and titanium alloys, laser pulses, titanium oxide, Surface roughness, implant thread.  

 

INTRODUCTION 

 

Titanium is the material of choice for dental implant due to its properties that met the most important 

requirements such as excellent biocompatibility, corrosion resistance, high strength, and relatively low modulus 

of elasticity, good formability, and machinability. Surface modifications are used for implant surfaces, mainly to 

improve wettability, cell-implant adhesion and attachment, cell proliferation, and osseointegration, and thus 

faster healing and shorter treatment duration Materials compatibility is the most important issue to be considered 

for a successful dental implantation. Titanium and its alloys are well known as materials that are well tolerated 

by living tissues and capable of promoting osseointegration [1-3]. The material surface plays an extremely 

important role in the response of the biological environment to the artificial medical devices. In implants made 

of titanium, the normal manufacturing steps usually lead to an oxidized, contaminated surface layer that is often 

stressed and plastically deformed, non-uniform and rather poorly defined. Such ‘‘native’’ surfaces are clearly 

not appropriate for biomedical applications and some surface treatment must be performed. Another important 

reason for conducting surface modification to titanium medical devices is that specific surface properties that are 

different from those in the bulk are often required. Surface modification studies of titanium are of great 

fundamental, technological and biomedical interest. The Sandblasting treatment involve three purposes: 

cleaning surface contaminants, roughening surfaces to increase effective surface area, and producing beneficial 

surface compressive residual stress [4, 5].whereas the Chemical treatment of titanium and its alloys are mainly 

based on chemical reactions occurring at the interface between titanium and a solution. The common ones are 
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acid, alkali, H2O2, heat, and passivation treatments [6,7].also the laser treatments for surfaces already has 

numerous industrial applications, this was observed with M. Bereznai et al. who modified the titanium surface 

by excimer laser irradiation of titanium samples in order to improve their surface characteristics so as to 

facilitate biointegration, and to enlarge the effective interfacial area of bone–implant contact, holes were ablated 

by laser pulses of ns or sub-ps length [8]. This process results in titanium surface microstructures with greatly 

increased hardness, corrosion resistance. Several surface modifications have been developed and used with the 

aim of enhancing clinical performance. In the research several types of surface activation was done on 

commercial pure Ti alloys manufactured by casting and powder technologies  that  have been designed to 

provide textures and shapes to  enhance cellular activity and direct bone apposition[9,10]. 

 

Experimental: 

The implant shaped samples were prepared in two different methods to make suitable comparison between 

them according to their manufacturing process, the first group of samples prepared by using powder technology 

method; in which the titanium powder was compacted at 15 ton by tool steel die. The commercial pure Titanium 

powder was produced from Shaanxi Lihua Import and Export Company with properties and chemical 

composition listed in table (1) and (2), the compacted samples was sintered under controlled atmosphere of 

argon at 900 oC for two hours. After sintering the samples produced as a cylindrical shape with 2cm in diameter 

and 3cm height then they were formed as screws by using wire cut machine and lathe. While the second group 

of implant samples were produced from the commercial pure titanium rod in which the rod has been cut in form 

of screws by using wire cut machine and lathe. 

 
Table 1: commercial pure powder properties 

property value 

purity 95.5% 

color gray 

shape Spherical  

mesh 200 

Radius  75 µ 

 

Table 2: chemical composition of the Titanium powder 

Element  Wt% 

Titanium 99.47 

Oxygen <0.45 

Nitrogen  <0.03 

Iron  <0.05 

 

The samples then divided in to four groups each group contain two samples one produced from titanium 

powder and other from titanium rod, the four groups were subjected to different surface activation treatment in 

order to obtain several surface morphology and roughness, the surface treatment procedure was listed in table 

(3). 

 
Table 3: sample groups 

Group number Surface treatment procedure 

 

Group A 

A1: prepared by powder technology  

none A2: prepared by machining 

 

Group B 

B1: prepared by powder technology Laser pulses. 

B2: prepared by machining 

 
Group C 

C1: prepared by powder technology Sandblasting followed by laser pulses. 

C2: prepared by machining 

 

Group D 

D1: prepared by powder technology Acid and alkaline treatment followed by 

laser pulses D2: prepared by machining 

 

The laser employed is Nd:YAG system produced by Quanta System Srl.-Solbiate. the irradiation 

wavelength was 1064 nm ,and the pulse duration (6ns) with maximum power (1J), while the acid and alkaline 

treatment was involve immersion the samples first in HCl acid with molarity 0.5 mM for 90 minute at 50 oC 

then the sample are washed in distilled water and dried at 45 oC for 15 minute , the dried samples then immersed 

in 10M of NaOH for 24 hour at 60 oC finally the samples washed in distilled water and dried . On other hand the 

sand blasting was involved using of silica sand with chemical composition listed in table (4).  
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Table 4: chemical composition of silica sand 

element SiO2 CaO MgO Al2O3 Fe2O3 Na2O K2O Cl 

Wt % 98.37 0.56 0.06 1.06 0.16 0.12 0.15 0.04 

 

Various analytical techniques were used for characterization of the titanium implant samples Surface 

morphology was monitored by optical microscopy ,scanning electron microscopy (SEM; AIS2300C) as well as 

by atomic force microscopy (AFM;PHYWE,nano,compact AFM). The SEM was connected to an energy 

dispersive analyzer for determining surface compositions of the targets. The metal ion release from the implant 

material occurs as a direct consequence of the corrosion process. Release of metal ions can cause local and 

systemic health problems, due to the ions diffusion through the whole body. Ion release was conducted in static 

conditions by immersion in which the sample is exposed to a corrosive solution with minimum relative motion 

between sample and solution. Hank's solution was employed with composition listed in table (5), and The type 

and concentration of ions released from the metallic implant materials was determined using Inductively 

Coupled Plasma optical emission spectrometry ICP-OES type Agilent Technologies 700 series ICP-OES made 

in U.S.A 

 
Table 5: Hank's solution composition 

Substance Composition (g L-1) 

NaCl 8.0 

KCl 0.4 

NaHCO3 0.35 

NaH2PO4.H2O 0.25 

Na2HPO4.2H2O 0.06 

CaCl2.2H2O 0.19 

MgCl2 0.19 

MgSO4.7H2O 0.06 

glucose 1.0 

 

RESULTS AND DISCUSSION 

 

Microstructure Characterization: 

From the microstructure observation it was clearly to distinguish the laser pulses effect on the samples 

surface morphologies the first reason of the differences in sample surface morphologies was due to the 

manufacturing process of sample (A1,B1,C1,and D1) by powder technology which result in more initial surface 

roughness and topographical irregularities than the machining method (sample A2,B2,C2 and D2) which alter 

the laser pulses to be more effective to change the surface topography under given laser pulse energy which 

relatively low energy to  make surface damage for the Ti alloys. 

On other hand  the benefit of using laser treatment for implant samples prepared by powder technology 

process is to facilitate  the creation of microstructural surface roughness in the inner part of implant's thread 

cause it believed that the inner part of thread is more in bone formation than the outer part .for samples in group 

(A) as shown in figures (1) and (2)  these two samples differ in manufacturing process but both of them without 

any surface treatment .it found that no morphological differences was observed among the implants surface 

except for some inconsiderable morphological differences between sample as a result to the manufacturing 

process. while in( B1) and (B2) The microstructure observation of the samples  demonstrate that the laser pulses 

energy which used (1J/cm2) was appropriate to make the surface damage and the laser beam create a deep and 

regular morphological pattern as in figures (3), and (4). 

 In (C1, C2) in figures(5) and (6)  ,the samples were primarily modified using broad range of mechanical 

process (blasting with SiO2 particles for two hour) the surface energy after this process was increased as a result 

of surface work hardening which result from the blasting of SiO2 particles to the sample surface . The hardness 

of the surface of both samples also was increased after this process because of the sand blasting treatment 

induced the formation of a fine superficial layer with residual compressive stress this is agree with Bacchelli 

[11] and  Carlos Nelson Elias [12]. 

In the case of samples (D1, and D2) at figure (7), and (8) where the samples are chemically treated by acid 

and alkaline etching before the laser pulses, it was found that the laser pulses result in damage the sodium 

titanate hydrogel layer that was formed after etching treatment and make the surface relatively smooth so that 

the surface irregularity and roughness was increased after the laser treatment for these samples.  

Finally From the microstructure observation of laser group it was found that the technique is a method of 

choice for complex surface geometries. The technique generates short pulses of light of single wavelength, 

providing energy focused on one spot especially in the inside of implant thread. It is rapid, extremely clean, and 

suitable for the selective modification of surfaces and allows the generation of complex microstructures/ 

features with high resolution.  
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Fig. 1: SEM image of sample A1 

 

 
Fig. 2: SEM image of sample A2 

 

 
 

Fig. 3: SEM image of sample B1 
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Fig. 4: SEM image of sample B2 

 

 
Fig. 5: SEM image of sample C1 

 

 
 

Fig. 6: SEM image of sample C2 
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Fig. 7: SEM image of sample D1 

 

 
 

Fig. 8: SEM image of sample D2 

 

Energy-dispersive spectroscopy EDS:  

the  surface chemical analysis of samples in group( A) in figures (9 and 10)  show a large peak of titanium 

element without appearing any other peaks of elements which refer to samples with high degree of purity and 

the manufacturing process will not affect or resulting in change  of the surface chemical composition 

EDS graphs of samples in group (B)  refer to the samples that have been pulsed with laser  without any 

primary surface treatment so that there was appearance of only (O) peak in addition to the titanium element as 

illustrated in figures (11 and 12). 

The using of sand blasting as primary surface treatment result in appear of (Si) element  in addition to the 

(Ti) and (O) in the EDS graphs of sample (C1) and (C2) that display in figures (13) and (14). In the EDS graph 

of sample (D1) and (D2) at figures (15) and (16) there are (Na) and (Cl) peaks appear result from the acid and 

alkali primary treatments. From the EDS graph of laser group it is found that the using  increasing the oxygen 

content at the surface and therefore improving the effectiveness of the oxide layer that have been formed after 

laser pulses. 
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Fig. 9: EDS graph of sample A1 

 

 
Fig. 10: EDS graph of sample A2 

 
Fig. 11: EDS graph of sample B1 

 
Fig. 12: EDS graph of sample B2 
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Fig. 13: EDS graph of sample C1 

 

 
Fig. 14: EDS graph of sample C2 

 

 
Fig. 15: EDS graph of sample D1 
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Fig. 16: EDS graph of sample D2 

 

Surface roughness: 

The use of laser pulses will also effect on the surface roughness of implant samples as illustrated in figure 

(17) which show that all samples of this group changed their roughness values either raised or reduced after the 

laser pulses this was due to the formation of a strong oxide layer, from this figure the change in the roughness 

was comparable far all samples which refer to that all samples have the same response to the laser irradiation 

and the slight  differences in the roughness value was due to the change in the surface heating rate that result 

from the primary surface treatment that have been employed which cause a considerable change in  chemical  

and structural surface properties. 

 

 
 

Fig. 17: roughness values graph of samples  

 

Ion release analysis: 

The Surface oxide films on titanium implant play an important role as an inhibitor of ion release also the 

regeneration time of the surface oxide film after disruption governs the amount of released ion. on other hand 

the low concentration of dissolved oxygen, inorganic ions, proteins, and cells may accelerate the metal ion 

release from the results of ion release analysis it was found that all samples in all groups have similar ion 

released behavior when the samples are immersed in Hank's solution for seven days as illustrated in figure (18) 

from this figure it was observed that the release of Ti ion rise in first three days and after that released of Ti ions 

begin to stabilized. when the metal is immersed inside the body consequently their ions begin to release from the 

surface by adsorption process at the same time these ions will combined with other molecules in the 

environment and desorbed at other surface so that the amount of released ions is increased with increasing the 

immersion time until the adsorption- desorption equilibrium is reach thus the amount of released ion will fixed. 

The appearance of a slight differences in the amount of titanium ions that released from the samples for each 

group was due to the influence of the surface activation process that have been employed either primary or 

secondary treatment which effect on the stability and thickness of the titanium oxide in addition the using of 

single surface treatment as laser treatment in group (B) will improve the amount of ion release from the surface 

during first three days due to the formation of strong titanium oxide layer so that this sample have the lower 

amount of ions that was released from the surface.  In group (C) it was found that there are reducing in the 

amount of Ti ions that have been released compared with figure of master samples in group (A) this is due to the 

influence of blasting with SiO2 particles which result the improving of surface properties by the creation of work 
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harden superfacial layer in addition to the secondary treatment which prevent the release of ions in the case of 

group (D) were primarily treated with acid and alkaline etching in addition to the second treatment, it was 

obvious that there was increasing in the amount of Ti ions released at first three days this was due to the 

formation of active sodium titanate hydrogel which have a large tendency to apatite formation when the sample 

immersed in the simulated body fluid. It was found that the surface of the sodium titanate was highly negatively 

charged in the SBF. The surface potential increased with increasing soaking time to a maximum positive value. 

Thereafter, it decreased with increasing soaking time, reached a negative value again, and finally converged to a 

constant negative value.  The complex process of apatite formation described above can be interpreted in terms 

of the electrostatic interaction between the functional groups and ions in the fluid. The Ti-OH groups formed on 

the surface of sodium titanate after soaking in SBF are negatively charged and hence, combine selectively with 

the positively charged Ca2+ ions in the fluid to form calcium titanate as the calcium ions accumulate on the 

surface, the surface gradually gains an overall positive charge. As a result, the positively charged surface 

combines with negatively charged phosphate ions to form amorphous calcium phosphate. The calcium 

phosphate spontaneously transforms into apatite because apatite is the stable phase in the body environment. 

 

 
Fig. 18: Release amounts of Ti ions in Hank's solution of the laser group. 

 

Conclusion and recommendations for future works: 

From the result of this work, the following conclusions are obtained, The using of different manufacturing 

process (machining and powder technology) produce topographical differences, the topographical change that 

observed from powder technology method was more than the machined one, the Employment of primary 

surface activation process produced initial surface roughness that aid surface for Subsequent treatment such as 

the using of SiO2 particles as blasting medium cause large increase in both the surface roughness and 

topography for all implant sample especially the sample that produced from titanium powder, and make the 

surface more acceptable for the second treatment by creation of superficial stressed surface and the formation of 

sodium titanate hydro gel layer on samples treated by acid and alkaline etching reduces the surface roughness 

and produced bioactive surface layer, strong titanium oxide layer was observed after laser pulsed result 

improving of surface roughness and topography and it was method of choice for complex surface geometries 

providing energy focused on one spot especially in the inside of implant thread, finally The release of titanium 

ions of all samples in all groups have similar behavior, when immersed in Hank's solution for seven days, the 

release of Ti ion rise in first three days and after that released of Ti ions begin to stabilized. The appearance of a 

slight differences in the amount of titanium ions that released from the samples for each group was due to the 

influence of the surface activation process that have been employed either primary or secondary treatment which 

effect on the stability and thickness of the titanium oxide. 

For future work, the followings are recommended: 

1- Studying the effect of porosity percentage are obtained from using the powder technology as a 

manufacturing method on surface properties and osseointegration process. 

2- Using powder technology to prepare Ti base alloys for dental application with addition of alloying 

elements such as Si, Mo, and Cr in order to eliminate the Ti percentage and reduce the cost. 

3- Studying the effect of laser parameters such as pulse duration, laser energy on the surface topography 

and osseointegration process. 

4- Studying the mechanical properties of implant sample such as wear and compressive strength which is 

very important for the long-term success of dental implants 
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