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Abstract

Introduction: The quality of the bone-implant interface is directly influenced by implant surface roughness and a 

roughness average, with the S
a
 between 1 to 2 µm, has demonstrated better clinical and laboratory results. In Brazil, 

more than two million implants per year are installed, where 79% are manufactured by domestic companies. How-

ever, very little is known or published about the characterization of surfaces of these implants, on the micrometer 

level. The aims of this study are to evaluate and characterize numerically the surface of the implants of SIN (Sistema 

de Implante Nacional) company, one of the five largest companies in the Brazilian market. Methods: Were evalu-

ated a total of 6 implants, purchased directly on the market, of two different designs (Tryon-HE and Strong-SW) 

and different batches, using light interferometry. Were performed 9 measurements randomly chosen for each unit, 

3 on the tops, 3 on the valleys and 3 on the flanks of the threads. The same pattern was followed for evaluation by 

scanning electron microscope. Results: The analyzed implants from this company showed S
a
 values of 0.84µm for 

Tryon-HE and 1.01 µm for Strong SW. Comparing the batches, only the SW design showed statistically significant 

differences between them. Conclusions: The roughness values found herein categorize the surfaces of Tryon-HE as 

minimally rough, and Strong-SW implants as moderately rough. 
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Introduction

An important parameter for the clinical success of 

osseointegrated implants is the formation of direct 

contact between implant and surrounding bone.1,2 

The quality of the bone-implant interface is directly 

influenced by the roughness of the implant surface3-8 

which was identified as one of six particularly impor-

tant factors for the incorporation of implant into the 

bone from the beginning of the 80's.3

Both morphology and surface roughness have an in-

fluence on the proliferation, cell differentiation, ex-

tracellular matrix synthesis, local production factors 

and even on the cell shape.8,9 Fixing mechanisms 

used by cells on the implant surface determine its 

shape and the transmission of signals through their 

cytoskeleton resulting in the expression of specific 

phenotypes. Furthermore, the shape of the cell regu-

lates the growth, gene expression, protein secretion, 

differentiation and apoptosis.10

The osteoblast adhesion on the implant surface is 

not sufficient for obtaining the osseointegration, or 

even improves it, but it is necessary particularly for 

the cell to receive signals in order to induce their 

proliferation.8 Moreover, roughness do not only facil-

itate the retention of osteogenic cells, but they allow 

them to migrate on the implant surface by osseo-

conductivity.11 A faster and stronger bone formation 

provides higher stability during the repair process, 

allowing even a faster loading of the implant.5,6,7

The oral implants surfaces have measurable 

structures in macrometric scale in millimeters 

(mm), micrometric scale in micrometers (µm) 

and nanometric scale in nanometers (nm).5,7,8,12,13,14 

The objective of several publications and studies 

in this recent years is how these structures influ-

ence the repair.6,13,15-18

So far, the certainties are limited to the influence of 

implant design and roughness in micrometric scale. 

A screw-shaped design and a surface with a mean 

roughness, S
a
 of 1-2µm , show better results.6,7,8,12 

Studies have shown titanium implants with appro-

priate roughness can improve the bone-implant con-

tact19 and also increase the force of the extraction 

torque.19,20 On the other hand, increasing the surface 

roughness higher than 2µm of S
a 
causes an impaired 

and unreinforced bone response.5-8

Over the past 20 years, a high number of implant 

systems with different surface topographies was 

added.17 Oral implants are an example of the close 

binding between research and industry, as the labo-

ratory findings often become clinical applications.1

Brazil is currently one of the largest implant markets 

of the world with an annual consumption estimated 

at 2.000,000 (two million) units which 79% are 

manufactured by national companies (Survey on the 

Status of Implantology in Brazil — Implant News, 

Survey 2010). SIN (São Paulo) is one of the five larg-

est companies in Brazil.

But it is disclosed or known very little about the 

physicochemical characteristics of the surface of 

their implants, thus limiting the information con-

tained in the leaflet and in its catalog.

This study aims to characterize the surfaces of two 

different SIN designs: Tryon-HE and Strong-SW, and 

describe them within the international standard devel-

oped by Wennerberg and Albrektsson5. Data found are 

described and evaluated with the expectation in the 

treatment used, comparing them with Osseotite® im-

plants, made by Biomet 3i, used as reference since they 

use the same type of treatment and have solid publish-

ing in worldwide literature.
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Figure 1 - Red = top; green= flank; orange= 
valley.

Figure 2 - SIN Tryon-HE Implant.
 Lots evaluated: Lot 01 – IO0173; 

Lot 02 – H71070; Lot 03 – 
G60337.

Figure 3 - SIN Strong-SW Implant.
 Lots evaluated: Lot 01 – I10960; 

Lot 02 – I90543; Lot 03 – 
H80750.

Material and Methods

Methods used to evaluate the implant surface was 

proposed by Albrektsson and Wennerberg in 20005, 

and became a worldwide standard for evaluating the 

implant surfaces.

Therefore, three measurements were carried out in dif-

ferent areas for each implant, from the tops, valleys and 

flanks of the threads (Fig 1), with a total of nine mea-

surements for each unit. Furthermore, three samples 

were evaluated in different batches for each implant 

to permit evaluation of the regularity of production 

process, and they are separated in samples 1, 2 and 3. 

Following this pattern, three implants of each of the fol-

lowing designs made by SIN, were purchased directly 

in the market: Tryon-HE (Fig 2) and Strong-SW (Fig 3).

Scanning electron microscopy images were also per- 

formed (Quanta 200) from top, flank and valley of 

threads in the upper, middle and lower thirds, with a 

total of 9 areas assessed. Magnifications of 65X, 350X, 

1,000X, 3,000X and 5,000X were used.

The objective of those images was to undertake a qual-

itative analysis of the modifications achieved by the 

surface treatments, by observing the roughness char-

acteristics and whether they upheld the same pattern 

throughout the entire body of the implant.

Then, one of implants sample was cut transversely for 

polishing metal and underwent the EDS analysis, the en-

ergy dispersive spectroscopy, used to identify elements 

present in the surface to ensure the titanium used by 

the company, checked that described in the leaflet.

Surface treatment

SIN implants surfaces are treated by acid etching, 

that removes the outer layer of titanium oxide from 
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Figure 4 - A) Original Nanotite, B) Nanotite with 50X50µm Gaussian filter, C) Nanotite with 50X50µm Gaussian filter (low pass)14. Sequence of 
filters in which the undulations and shapes are removed.

the surface and portions of the layer immediately 

below the surface, creating microcavities of differ-

ent depths, with a new oxide layer being immedi-

ately formed on the new surface. The amount of 

removed material and the characteristics of the ir-

regularities that are created depend on the type and 

concentration of the acid as well as on its tempera-

ture and treatment time, and obviously, on the type 

of titanium employed.6,8 

Acid etching usually leads to a slight increase in rough-

ness. It should be noted, however, that different fea-

tures may increase or decrease the irregularities.6

Each manufacturer has a unique method to carry out this 

treatment. Usually, double acid etching is performed by 

first immersing the implant in acidic solutions, among 

which are: HCl, H
2
SO

4
, HNO

3
, HF or any combination 

of these. Then, the implant is immersed in an aqueous 

solution of HNO
3
 to stabilize an oxide layer.6,8

Surface analysis

Implant surfaces were evaluated using a light In-

terferometer (MicroXAM™, Phaseshift, USA) is in-

dicated to evaluate roughness of the implant with 

threads at micrometric level.5 We use an objective 

of 50X and a zoom of 0.62. The measured area was 

264 X 200 µm, while the average height of measures 

ranged between 80 µm and 100 µm. The maximum 

resolution of this technique is 0,30 µm horizontally 

and 0.05 µm vertically.

To be able to adequately describe the roughness 

obtained with the treatment, the undulations of 

machining process and shape are considered sepa-

rately. A standard filtering process using a Gaussian 

Filter of 50 X 50µm was used to perform this sepa-

ration and assessment of the micrometric rough-

ness (Fig 4-7). For this, the Surfascan software (So-

micronic Instrument, Lyon, France) is used, which 

also provides visual images and numerical descrip-

tions. For the numerical description of the surface 

topography which should preferably be in 3D, the 

following parameters are used: 

a) S
a
: Represents the arithmetic mean for height of 

peaks and valleys, surface roughness in the me-

dian plane. 

b) S
ds

: Represents the density, in other words, num-

ber of peaks per area unit. 

c) S
dr

: Hybrid parameter representing the increase 

in area obtained.

A B C
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Figure 5 - Images of the interferometer (left) and SEM (right), 3,000x magnification. A, B) SIN Strong-SW; C, D) SIN Tryon-HE

A

C

B

D

Implants can be divided into 4 different categories, 

depending on the surface roughness measured by 

the value of S
a
:12smooth (S

a
< 0.5 µm); minimally 

rough (S
a
 between 0.5–1.0 µm), moderately rough 

(S
a
 between 1.0–2.0 µm); Rough (S

a
> 2.0 µm).

Statistical analysis

Implants were evaluated for significant differences 

in surface topography at micrometric level. Statisti-

cal analyzes were performed using GraphPad Prism 

5,0 (GraphPad Software, San Diego, USA). Results 

were analyzed using Kruskall-Wallis test with sig-

nificance level of p < 0.05, and Dunn's multiple 

comparison test was applied, also at a significance 

level of p < 0.05.

Results

Characterization of surface

Table 1 shows the values obtained, as well as the im-

plant used as reference for comparison to the values 

found and published by Svanborget al.14

In Figure 5, images of interferometer analysis gener-

ated by the Surfascan were observed along with the 

obtained in the SEM with a magnification of 3,000X. 

Images were selected from the flanks of the thread in 

the middle third of the implants. Following detailed 

images of scanning electron microscopy in 3 different 

magnifications of Tryon-HE (Fig 6) and Strong-SW (Fig 

7) implants evaluated, as  well as the Osseotite implant 

surface used as reference (Fig 8).
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Table 1 - Numerical description of the SIN implant surface topography, in micrometric level.

S
a
 µm S

ds
/mm2 S

dr
%

SIN Tryon-HE 0.84 ± 0.23 164.463 ± 8.680 47.47 ± 17.68 

SIN Strong-SW 1.01 ± 0.35 165.051 ± 15.426 92.67 ± 41.73 

3i Osseotite® 0.66 ± 0.05 140.441 ± 8.321 26.80 ± 4.02

Figure 8 - SEM images of Osseotite® implants, by Biomet 3i (A: 1,000x, B: 3,000x, and C: 5,000x).

A B C

Figure 7 - SEM images of Strong-SW implants (A: 1,000x, B: 3,000x, and C: 5,000x).

A B C

Figure 6 - SEM images of Tryon-HE implants (A: 1,000x, B: 3,000x, and C: 5,000x).

A B C
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Figure 9 - Representation of Sa values for Tryon-HE implants.
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Figure 10 - Representation of de Sdr values for Tryon-HE implants.
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Figure 12 - Representation of Sdr values for Strong-SW implants.Figure 11 - RRepresentation of Sa values for Strong-SW implants.
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Comparing the different lots

Analysis was performed separately for each design, 

because herein does not fit any comparison between 

them. In addition to this, comparison will be made 

only regarding the S
a
 and S

dr
. For statistical analysis, 

the Prism software was used, and as the distribution 

was not normal, we applied the Kruskal-Wallis test 

(p < 0.05) as well as Dunn's multiple comparison test, 

also at a significance level of p < 0.05.

Tryon-HE

These implants displayed a fairly regular pattern be-

tween lots, with S
a
 values of 0.83 µm for Lot 01, 0.89 

µm for Lot 02, and finally 0.79 µm for Lot 03 (Fig 9). 

Likewise, S
dr

 values were very close to each other, with 

44% in lot 01, 50% in Lot 02, and 37% in lot 03 (Fig 10). 

Therefore, there were no statistically significant differ-

ences between the values in both parameters.

Strong-SW

This implant design displayed statistically significant 

differences between S
a 
values for Lot 02, with 0.62 µm, 

and Lots 01, with 1.30 µm, and 03, with 1.08 µm (Fig 11), 

as well as in S
dr

 values between Lots 01, with 117%, and 

02, with 62% (Figure 12). 

EDS of the implants

The EDS analysis results for both SIN implant de-

signs indicated the use of titanium grade-4 (ASTM 

F67),which is fully in accordance with the specifica-

tions given in the product description. Figure 13 pres-

ents the spectrum of the Strong-SW implant and will 

serve to demonstrate the chemical composition of 

both evaluated implants from SIN.

Discussion

When the implants started to be manufactured in Bra-

zil, most companies chosen designs and implant sur-

face treatments established, with extensive scientific 

Figure 13 - EDS spectrum showing the elements present in the 
sample of the SIN Strong-SW implant. The x-axis 
represents the energy of the corresponding element, and 
the y-axis, the x-ray photon count.
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publication and strong presence in the Brazilian market. 

SIN was chosen dual acid etching as the surface treat-

ment, in the manner of Osseotite® surface, of Biomet 

3i, USA. One way to evaluate the obtained results is to 

compare them with the values obtained from reference 

implants, using the same standards and backed by vast 

scientific evidence. Certainly, these considerations led 

SIN to use the Osseotite® implants as reference, and 

follow their model.

Among the parameters evaluated, the most represen-

tative ones for the analysis of a surface are S
a
, repre-

senting the arithmetic mean of peak and valley heights 

of the surface roughness in 3D and S
dr

 representing 

the increase in surface area obtained with treatment. 

Analysis of these factors and previous knowledge of its 

influence on the repair processes allows a behavior sig-

naling of certain surface.7,12,22

The SIN implants, that use grade-4 titanium, showed 

an S
a
 of 0.84 µm for Tryon-HE and 1.01 µm for Strong-

SW — therefore, displayed by the reference implant, 
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i.e., Osseotite,® at 0.66 µm,14 but however, uses grade 

2 titanium in its manufacture, which favors the qual-

ity of repair. Nevertheless, it should be highlighted that 

not even the reference implant features the roughness 

regarded as ideal (between 1.0 and 2,0 µm) following 

acid etching. In general, this etching leads to a slight 

increase in roughness and, in fact, many consider Os-

seotite® implants to be too smooth to be ideal.

A similar result was found in evaluating S
dr

, with SIN 

implants achieving higher values than Osseotite®, 

which displayed an S
dr

 of 27%,14 while Tryon-HE 

showed 47%, and Strong-SW, 92%. Theoretically, 

this combined increase of roughness and surface 

area benefits repair, but should be further investi-

gated through comparative clinical studies. 

For both evaluated SIN designs, the values of S
a
 and 

S
dr

 alike, as well as the topographic characteristics 

observed in SEM images (Figs 8 and 9), were quite 

different from one another. Since the company em-

ploys the same surface treatment process for both 

implant designs, the difference found is due to the in-

fluence of the macro design of the implant obtained 

by microtopography. As demonstrated by Wenne-

rberg and Albrektsson,6 when the macrometric 

topography of a given surface is changed, its micro-

metric characteristics may also undergo concurrent 

changes, even if accidentally.7,19,23,24,25

An analysis of the SEM images evidences topogra-

phy typical of a surface submitted to acid etching. 

In addition to the previously mentioned differences 

between the two evaluated SIN implants, both also 

proved to be topographically different from the Os-

seotite® implant (Fig 10), which reinforces the vari-

ability inherent to acid etching.

As with the methodology employed, EDS analysis 

allows to state only on the percentage of chemical 

elements found, which are fully consistent with the 

leaflet of the implants, and they point to the use of 

Titanium ASTMF F67 grade 4 in their manufacture. 

In this analysis, it is not possible to make any con-

sideration on the existence or absence of contami-

nation or any metal or material on the surface of 

the implants.

In comparing among batches, there was a statisti-

cally significant difference only among Strong-SW 

implants. According to the method employed, the 

assessment of two more samples from the batch 02 
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of this implant. For this, the company was contact-

ed in order to concede these implants for further 

analysis. However, as those stock batches were no 

longer found, the company sent three new samples 

from the same batch for each design distinct from 

those first evaluated. Herein, it is noteworthy that 

the implants of the first assessment were acquired 

directly in the market. In the subsequent analysis of 

the new samples, there was a statistically significant 

difference between the evaluated implants for S
a
 val-

ues of sample 3 (0.89 µm) compared to samples 1 

(0.45 µm) and 2 (0.43 µm). This also occurred for 

the values of S
dr

, which samples 1, 2 and 3 presented, 

respectively, 25%, 26% and 39% of S
dr

. Moreover, 

there was a statistically significant difference be-

tween the mean values of S
a
 and S

dr
, presented by the 

first group of implants to be evaluated (S
a
 of 1.01 µm 

and S
dr

 of 92%) compared to that obtained by the 

other group in the second analysis (S
a 

0.61 µm and 

S
dr

 30%). These differences indicate that the com-

pany must reassess the level of control of its process 

of surface treatment.

To know what these differences really may represent, 

further investigations are required. It can state the 

similar treatments do not show the same results.6,7 

Even only machined surfaces may vary consider-

ably in roughness, as well as blasted surfaces with 

acid conditioning or anodized.6,7 Many studies and 

companies omit the topographic characterization 

of the surface because they believe the treatment 

alone will determine the optimum roughness of this 

surface.6

As it was already stated,6,7 when the macromet-

ric topography of a certain surface is changed, 

the micrometric and chemical characteristics may 

be changed at the same time, even accidentally. 

Therefore, it is essential the surface treatments are 

appropriate for each implant design in order to ob-

tain the desired roughness.

Conclusions

Even if companies use consecrated techniques of sur-

face treatments, it is important to invest in ongoing 

laboratory experiments to evaluate the results, its stan-

dardization and regularity.

In addition of course, to conduct clinical studies both 

prior as to subsequent releases of their implants, to 

validate its effectiveness and evaluate their influence 

on osseointegration, success rate and longevity.
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