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Aim of the work 

A study on surface treatment and analysis of titanium dental implants supplied by Tecom 

has been performed. Aims of this work were the following: 

1) to perform electrochemical surface treatment and relevant surface topography 

characterization. 

2) to evaluate the efficacy of the cleaning process 

 

Materials and Methods 

Sample tested in this work were Ti screws supplied by Tecom. In particular, 

samples were coded as follows:  

Rep. ST Gr 3.5 x 13 

Treatment conditions have been defined on the basis of the scientific literature on this subject. 

In particular, samples have been treated by an anodizing process in sulphate-phosphate baths. 

Main process variables are bath composition and maximum applied voltage. These two 

parameters define other experimental variables, such as current and treatment time.  

After surface treatment, wet cleaning methods have been used to wash the samples. Final 

cleaning is performed by plasma (glow discharge) treatment in a class ISO 7 clean room. 

Surface characterization has been performed by the evaluation of surface topography and 

surface chemical compostion. Moreover, cytotoxicity testing have been performed.  

In particular, surface topography of the screws has been evaluated by scanning electron 

microscope. Analyses have been conducted using an EVO MA 10 SEM (Zeiss). The electron 

acceleration voltage (=EHT) has been maintained between 15 and 20 kV, the working distance 

(WD) between 9 and 12 mm, depending on the specific requirements and the nature of the 

samples. These parameters are reported in the images, along with the level of magnification 

(MAG). 

Images have been acquired in both conventional mode and in backscattered electron mode 

(BSE), allowing improved contrast between different chemical elements. 
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Roughness has been evaluated quantitatively using software allowing conventional SEM 

images to be converted into three-dimensional data (Mex 4.2, Alicona Imaging). Greater detail 

regarding the experiments is presented in the results section. 

 

Surface chemical composition has been evaluated by XPS (X-ray photoelectron spectroscopy). 

XPS or ESCA (Electron Spectroscopy for Chemical Analysis, both names indicating the same 

technique, and used in the scientific literature for this field) analyses allow the collection of 

qualitative and quantitative chemical composition data from the outermost layers of materials. In 

the case of metals, the analysis depth is approx. 5 nanometres (nm), thus providing a direct 

indication of the chemical composition of the layers of the material effectively coming into contact 

with bone tissue. 

XPS analysis has been conducted using a Perkin Elmer PHI 5400 ESCA spectrometer. This is 

equipped with an X-ray source with a Mg anode, maintained at 20 kV with a nominal power rating 

of 200 W. The depth analysed is approx. 5 nm. The pressure inside the analysis chamber has 

been maintained at approx. 10-9 Torr. The analysis results are expressed in atomic percentages.  

 

Cytotoxicity tests have been conducted in order to confirm the absence of any toxic 

phenomena. The cytotoxicity tests have been conducted in accordance with the protocols 

described in international standard EN ISO 10993-5: 2009, Biological Evaluation of Medical 

Devices Tests for in vitro cytotoxicity and the international literature. L-929 murine connective 

tissue fibroblasts have been used. 

In short, a suspension of 1.5x105 fibroblasts in 2.5 ml of Minimum Essential Eagle’s Medium 

(EMEM, Lonza, Milan), supplemented with 10% foetal calf serum, L-glutamine, penicillin and 

streptomycin, is introduced into sterile 12-well polystyrene cell-culture plates (12-well multiwell 

plates, FALCON™). After 24 h, under a laminar flow hood, the samples and controls  are placed in 

direct contact with the cell monolayer. The tissue culture plates are subsequently placed in an 

incubator at 37°C, with 5% CO2 and relative humidity of 98%, for 48 hours. On completion of the 

72 hour growth period, the cells growing in direct contact with the samples are observed using an 
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inverted light microscope. In particular, the presence of dead cells, giant multinucleate cells and 

general anomalies in cell morphology have been evaluated, all with regard to what has been 

observed for the cell layer in contact with the negative control (a gold cylinder of the same 

dimensions as the samples) and in contact with the positive control (a cylinder of gutta-percha). As 

per ISO standards, MTT tests has been performed and percent viability. This test allows to 

measure the succinate dehydrogenase (SDH) activity of  cells. SDH is a key enzyme of the Krebs 

cycle, its evaluation by biochemical means is commonly used to check cells health.   

Briefly, cells were washed with sterile DPBS, then the DPBS was replaced with 2 mL/well of 

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide)-sodium succinate solution 

(5mg/ml solution). The cells and MTT solution were incubated at 37 °C  for 3 h in the incubator. 

During this time,  MTT solution is transformed by the cells mitochondrial dehydrogenase into 

insoluble formazan. By measuring the amount of formazan produced it is possible to measure  

mitochondrial activity, and, as a consequence, cell viability.  At the end of the incubation period, the 

MTT solution was removed and replaced with 2 mL /well of  Dimethylsulfoxide. The wells were 

swirled for 5 minutes until the purple colour was uniform and the adsorbance was evaluated at 570 

nm.   

 

Results. 

Surface topography 

Main results of surface topography are shown in the following images. In particular, micrographs 

show increasing magnfication of treated implants, up to 20,000 x.  

Images clearly show the typical “volcano-like” shape of surface roughness. This is the outcome 

of the surface treatment, that promotes release of gas from the surface, increasing the thickness of 

the oxide layer and imparting the peculiar shape observed by SEM. 
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Evaluation of surface porosity has been performed by an image analysis software. Percent 

porosity, expressed as percent area occupied by pores against the total surface area, was 25%, in 

good agreement with literature data. Maximum peak to valley value was 9 microns. 

  

Surface chemical composition 

XPS analysys was performed on samples subjected to the surface modfication treatment and 

cleaning (wet and plasma). Surface composition results are reported in the table below, while the 

XPS spectrum is displayed in the next page. Results are compared with those obtained on 

commercial samples, obtained by the same tratment (Nobel Bio Care). 

Surface composition  (atomic %)  as obtained by XPS analysis 
Sample C O Ti N Si Ca P 

Rep. ST Gr         3.5 x 13 36,1 40.2 11.4 1.4 1.6 0.4 9.2 
NOBEL  ACTIVE 39.6 36.6 11.7 1.1 1.3 0.2 9.6 
NOBEL  SPEEDY 41.3 35.6 12.6 1.0 1.6 0.3 8.5 

 

Data show excellent agreement between Rep. ST Gr 3.5 x 13 and Nobel Bio Care data. In 

particular, Tecom shows even less carbon than references. As widely reported in the literature 

on this subject, carbon is always detected in surface-sensitive analysis of Ti implants. The 

quantitative values reported in the table confirm that all samples are very clean. The high amount 

of phosporous is due to the eletrochemical treatment in phosphate baths.  

Taken together, these data conform the efficacy of plasma treatment for cleaning and set 

standards for process control as described in the last section of this report. 
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Cytotoxicity testing 

Controls provided the expected results, confirming the correctness of the experiment. Figures 

below, at 200 x, show the healthy L929 cells monolayer in contact with the negative control  

Negative control 
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and a few dying cells against the positive control 

 

 

 

Positive control 

 
 

 

 

 

Considering cells exposed to treated implants Rep. ST Groovy 3.5 x 13, the picture in next 

page show healthy cells, fully similar to those observed againts the negative control. These data 

confirm that no toxic leachable elements are contained on the treated implants, as expected 

from both SEM observation and XPS data. In other words, the implant and its surface are clean 

and  they do not release toxic elements or substances. 
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Rep. ST Groovy 3.5 x 13 

 
 

 

The table below reports obtained data according to  ISO 10993-5: 2009 standards:       

Table 1  

Grade Reactivity Description of reactivity zone 

0 None No detectable zone around or under specimen 

1 Slight 

Not more than 20% of the cells are round, loosely attached 
and without intracytoplasmatic granules, or show changes 

in morphology; occasional lysed cells are present; only 
slight  growth inhibition observable 

2 Mild 
Not more than 50% cells are round, devoid of 

intracytoplasmatic granules, no extensive cell lysis; not 
more than 50% growth inhibition observable 

3 Moderate 
Not more than 70% of cell layers contain rounded cells or 
are lysed; cell layers not completely destroyed, but more 

than 50% growth inhibition observable 

4 Severe Nearly complete or complete desctruction of the cell layers
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Table 2 Results of present experiment 
 

Sample 
 

Score 

 

Definition 

Negative control 0 Not cytotoxic  

Positive control 4 Severely cytotoxic  

Rep. ST Groovy 3.5 x 13 0 Not cytotoxic 

 

Quantitative MTT tests confirms qualitative cell evaluation. Cell viability has been calculated 

according to point C.2.5 of annex  C of ISO 10993-5 standard as follows: 

viability’ %= 100 x OD 570implant/OD 570blank 

 
 
Table 3 

Sample 
 

Mean value OD570

 

Viability’ % 
 

Definition 

Blank 0,3751±0,041 100 Not cytotoxic  

Negative control 0,3672±0,025 97.89 Not cytotoxic  

Positive control 0,0680±0,006 18,13 Severely cytotoxic  

Rep. ST Groovy 3.5 x 13 0,3701±0,017 98,67  Not cytotoxic  

 
 

Conclusions 

Based on the previous data, it is possible to drive the following conclusions on the surface 

treatment process and cleaning steps adopted: 

1) the present process  promotes a topographic modification of the implant surface, resulting in 

volcano-like structures 

2) this topography is in tune with existing surface topographies on the market, with a good 

record of clinical success 

3) the surface modification process adopted, including the cleaning steps, provides surface 

chemical composition values  in agreement with those of existing implants that adopt the same 

treatment 
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4) surface chemical composition data show that the obtained surface is clean and no 

unexpected elements are detected 

5) as a consequence of point four above, treated implants are fully cytocompatibles 




