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Abstract:

Purpose: The purpose of the present work was to explore the effect of etching with different acids types, concentration,
duration and temperature on titanium dental implant topography.

Materials and Methods: Pure polished titanium discs were subjected to various acids etch.

Disc samples were etched using hydrochloric acid (HCI) sulphuric acid (H,SO,), and nitric acid (HNOj, solutions separately
for 5 min, 15 min, 30 min, 45 min, 60 min. Polished titanium surfaces were used as a control.

Surface roughness was measured using profilometry. Topography was examined using scanning electron microscopy (SEM).
Results: The morphology and the surface roughness of titanium discs found to be different after various acids concentration
and etching time.

The mean surface roughness values (mean Ra value) of the three acids differ for different acid exposure times. Surface
etched with HNO; had the lowest Ra value for all time intervals. Surfaces etched with H,SO, acid had the highest Ra value
in the first 5 min. Surface etched with HCI showed the highest surface roughness following surface exposure for 30, 45 and
60 min.

Conclusions: Roughness resulting from acid etching varied according to acid concentration, type of acid, duration of acid
etching procedure, original surface roughness of the substrate and temperature. There are critical time for roughening with
acid etching, that after it the acid effect start to smooth titanium surface instead of roughening it.

I Introduction

Dental implants have become an important option in treatment plans within dentistry to replace missing teeth. The
long term success of an implant is highly dependent upon the ability of the material to integrate with the surrounding bone
and connective tissue.! Efforts have been made to develop materials that can accelerate osseointegration.?

Many attempts have been made to modify dental implant surfaces in order to improve their biocompatibility,
shorten healing times and improve surface characteristics that are involved in implant success. Topography of the
biomaterial surface plays an important role in determining cellular response.® The biological response to a dental implant is
determined by a number of physical and chemical features of the implant surface, which include mechanical properties and
physicochemical properties.* Any interaction between the body tissues and the implant material will be affected by these
properties and any changes in one of these groups may affect the other parameters->®’

Various surface modifications have been undertaken to improve the surface topography and chemical composition
of the implant surface®, and these have resulted in higher clinical osseointegration success rates.

Topography of the biomaterial surface plays an important role in determining cellular response.® there is a critical
surface roughness that may affect cellular responses according to each cell type. The transmucosal part of the dental implant
needs to be smooth, as a rough one will enhance plague formation. However, at the same time the bony and connective tissue
interface requires a porous or a micro-textured surface to promote tissue ingrowth.®

Modifying implant surface with acid etching is to make pits to allow bone ingrowth. The surface of the etched
implants can be affected by several parameters, such as the original surface roughness, type and concentration of acid,
temperature, and time. The etching process is thought to convert the titanium surface by creating a micro-roughness of 0.5-3
um with the formation of irregular different depth pits.’® It has been suggested that the dissolution of the implant surface can
depend on the orientation of the individual titanium grains.™

Sul and coworker*? showed that the surface morphology of the dual acid etching implant “Osseotite implant* is characterized
by needle-like margin structure <2 pm wide and <1 um depth with a crystallo graphically etched appearance. Klokkevold
and coworker ** compared the anchorage of etched Osseotite implants and machined surfaces after 1, 2, and 3 months in the
rabbit tibia model, and found that the acid etched surface had a higher removal torque than the machined surface after 1 and
2 months of healing respectively.

The benefit of acid etching alone to improve osseointegration was illustrated by Klokkevold and coworker ** who
showed that the deep pits created during the etching process were filled with bone which contributed to bone interlocking.
Many dental implant manufacturers started to use this procedure to prepare titanium surfaces.'® However, it has been shown
that on some occasions the pits are too small to permit bone ingrowth, and it is thought that this is may be due to either using
a weak acid mixture, a low etching temperature, or a short etching time.

In research studies and also in some dental implant companies details of surface modification without precise
information on procedure are generally given. For example in case of acid etching the duration and concentration of acid
used is often not provided. Therefore it has been felt that it is important to highlight the importance of providing detailed
information of acid etched surface modification.

The aim of this study was to explore the effect of etching titanium dental implant surface with different acids
types, concentration, duration and temperature on titanium dental implant topography.
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1. Material and Method
Discs of 5 mm in diameter were punched out from annealed titanium sheets 99.6+% (Goodfellow Cambridge
Limited, Huntingdon, England). In order to have an accurate evaluation of surface changes a uniform clean surfaces were
obtained (mirror polished surface) on one side of each disc by polishing using grinding and a polishing discs (Struers A/S,
Ballerup, Denmark) which considered a polished titanium control surface. Discs were then dried in an oven at 40 °C for 1 hr
and left to dry at room temp. The discs were stored in a sealed container.

Etching with heated acids
Surface modifications with acid were conducted. After each surface modification the discs were ultrasonicated in
ethanol for 5 min and then distilled water for 10 min at room temperature. The discs were then incubated before being put in
the oven at 40 °C for 1hr and allowed to dry at room temperature.
The titanium discs were etched with different acid solutions separately for different times, concentrations and temperatures
according to requirements for each acid type. An electrical water bath was used to increase and sustain the temperature of the
acids.
. Titanium discs were etched with a concentrated hydrochloric acid HCI 37% (AnalaR, VDR international, Briar,
France) at 60 °C for 5 min, 15 min, 30 min, 45 min and 60 min.
. Titanium discs were etched with a concentrated sulphuric acid H,SO, 98 % (AnalaR, VDR international, Briar, France)
at 80 °C for 5 min, 15 min, 30 min, 45 min, 60 min.
o Titanium discs were etched with concentrated nitric acid HNO3 69 % (Sigma-Aldrich, Steinneim, Germany) at 80 °C
for similar time 5 min, 15 min, 30 min, 45 min, 60 min.

Scanning electron microscopy (SEM examination)

Topographic inspection was conducted using a scanning electron microscope (SEM Tech Ltd, Bonsall, Derbyshire,
U.K.). All samples were attached by adhesive to aluminum SEM stubs and examined at 20 kV in the secondary emission
mode in a PC-controlled ISI 60 scanning electron microscope.

Measurement of surface roughness

Non-contact optical Proscan profilometry was used to measure the surface roughness (Proscan 2000, Scantron
Industrial Products Ltd. Monarch centre, Taunton, England). The measurements were conducted in an X and Y direction,
and the scanned area was 2 x 2 mm. The measurement was taken for 20 lines in the Y axis; 250 spots in each line were
measured twice. The final analysis was conducted in an area of 1.2 mm x 1.2 mm in order to avoid edge effects.

Ra measurement was calculated for each sample: Ra: “is the arithmetic mean of the absolute values of the surface
point departures from the mean plane within the sampling area” ** (Macdonald et al., 2004).

Statistics

Statistical analysis was carried out using Excel and SPSS (Statistical Package for Social Sciences)

The statistical methods used to analyze and assess the results were, descriptive statistic: mean, standard error; International
statistic: T-test, ANOVA test.

After verification of the normal distribution and the homogeneity of the variance, an analysis of the variance
(ANOVA) was used to asses any significant differences among selected group. For multiple comparisons test (Post Hoc
multiple comparisons) LSD (least significant difference) was used to determine the specific differences between the means
of the group members. The probability value (p-value) was considered significant at P <0.05 and highly significant if P<
0.01.

. Results
A uniform mirror polished surface were obtained on one side of each disc, for polished titanium surface with base line
roughness 0.056 um and considered as a polished titanium control surface.
Surface reactions to different acids were inspected and analysed by scanning electron microscopy and by profilometry.

Etching with heated acids

An immediate reaction with HCI acid was observed after a few seconds through the production of bubbles on the
titanium surface. The colour of these surfaces changed according to etching duration ranging from a slight decrease in
brightness and slight dull colour, for 5 and 15 min etching duration respectively, to appearance of a coarse surface visible to
the naked eye following 30, 45 and 60 min HCI acid exposure. Less powerful reactions were seen with H,SO, with changing
in colour from a bright mirror image to a dull grey colour for all time intervals. For HNO; no visible alterations were seen
and disc surfaces still have a bright mirrored surface.

The mean surface roughness values (mean Ra value) of the three acids for different acid exposure times can be

seen in Fig 1. Surface etched with HNO; had the lowest Ra value for all time intervals. This matches lack of change
observed visually, and there were no significant differences between the time intervals.
Surfaces etched with H,SO, acid had the highest Ra value in the first 5 min with a highly significant difference between
HNO; acid etched surface (P<0.01) and significant difference with HCI acid etched surface (P<0.05). In 15 min etching time,
both H,SO,4 and HCI acid etched surfaces showed dramatic increases in Ra value with highly significant difference with
HNO; acid etched surface but not between themselves.

Surface etched with HCI showed the highest surface roughness following surface exposure for 30, 45 and 60 min.
However, highly significant differences were found in Ra values between etching time in HCI acid etched group and H,SO,
given in P< 0.001. Also, highly significant differences appeared between all types of acids with each time group.
Surprisingly, all acids showed an increase in Ra value at 30 min etching time followed by decrease at 45 min etching time,
then return to increase in 60 min etching time.
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SEM

Etching with HCI resulted in a relatively continuous series of SEM images (Fig 2), in which a fine trabecular and
round porous structure was observed. The surface roughness appeared to increase with etching time as shown by surface
topography analysis. The shape of surface pores appeared small and mesh-like and with greater etching times there were
areas containing collections of larger pores, which can be seen after 45 min acid exposure. After 60 min the surface showed
slight changes, such as the formation of lines in a rectangular pattern instead of the round pores previously observed. At low
SEM magnification a mesh of elevations was seen.

Different images were seen with H,SO, (Fig 3) in which the roughness started to appear after 15 min etching as
widely separated small holes. There was a small increase in the number of these holes after 30 min etching, with a dramatic
increase in their size (diameter) and appearance of shallow hills/peaks (waviness) on the surface. After H,SO, exposure for
60 min, (and particularly 45 min), localised collections of holes with connections between them were observed. No surface
changes were observed for HNO; exposure (fig 4.).

V. Discussion

This work shows that a slight difference in temperature or concentration, or duration, and many other parameter
have heavy impacts on titanium surface topography

For surface modification by acid etching, the etching was started stepwise. At first, with different dilutions 20, 40,
60, 80,100% concentration of each acid at room temperature for durations up to 1 h. No effects could be observed.

The next step was to elevate the temperature. It was decided to start with 60 °°C (according to ASTM, F 86-04).
An immediate effect was observed in the case of HCI identified by bubble formation during the etching procedure and
change in disc colour. No effects were observed for HNO3 or H,SO, acid etching. Therefore the etching temperature was
increased for both of these acids to 80 °C. An effect then started to be observed in H,SO, acid etching, but not in case of
HNO; acid etching.

The results showed that a range of treatments of titanium produced different surface topographies, as first indicated
by Xavier and coworker ®,
In order to generate accurate base-line data and have accurate comparisons of the modified surfaces, standard polished
surfaces were produced to use as control. These polished surfaces appear extremely smooth to the naked eye with a shiny
mirror surface, and Ra value= 0.047 pm. This is close to the Ra values found by Nagassa and coworker ” of 0.053 pm for
their polished titanium surfaces.

Acid etching

Acid etching is one of the major surface modifications that has been used in previous studies and they are also
found commercially on a number of implant types (e.g. Osseotite, 3i implant Innovations, West Palm Beach, USA). The
clinical performance of these implants are shortened healing times when compared to machined surface implants has been
widely documented *,

In this study HCI appeared to be the most effective acid etchant on the titanium surface increasing the surface area
by creating many acid etched pits and grooves that had a specific character. *° The SEM images appeared similar to those
seen in work published by Szumukler-Moncler and coworker, ** when they examined the commercially available SLA-ITI
implant specifically in the region of the implant surface where the surface was only etched with no blasting (the area
between the threads).

There are similarities also between the images seen in this study for acid etching with H,SO,4 and the pictures obtained by
Lewandowska and coworker 2° when they etched titanium surfaces with a mixture of H,SO, and H,0,.

The highest roughness seen from acid etching alone was produced with HCI for 30 minutes duration (0.588 pum).
This value is still lower than that reported by Szumukler-Moncler et al., *® for Osseotite implant surface manufactured by 3i
implant (Implant Innovations, West Palm Beach, USA) with an Ra value of 0.96 £0.12 um. These later implants are
subjected to high concentrations of HF acid (15 wt %) before etching in order to remove the oxide layer, followed by a
further etching procedure. This action may exaggerate the etching process in a manner similar to etching after blasting,
where the blasting process increases the surface area of the titanium, enhancing the action of the acid etchant and leading to
higher Ra values (as found in this Results chapter). The 3i implants may also have had a rougher pre-etched surface, if they
have a machined surface. Guizzardi et al., 2 reported an Ra for their machined surfaces of 0.56 pm which is rougher than the
polished surfaces used in this study. This may affect the outcome of acid etching leading to a higher final surface roughness.

Etching with HNO; appeared to show no visible changes on the titanium surface. There were no significant
differences seen between the Ra values of HNO; etched surfaces and polished surfaces (P=0.098). In addition, SEM images
were unable to show any changes. These findings coincide with those of Xavier et al.,? as they also failed to find any effect
of etching with HNO; on surface roughness.

It was interesting to discover that surface roughness decreased after a specific duration of etching time. In this
study the threshold etching time was 30 min, after which the Ra values started to decrease. This has recently been reported
by Coelho et al.,??, and the importance of controlling any acid etching procedure was emphazised, as over-etching resulted in
decreased surface topography and reduced mechanical properties.

V. Conclusions
Titanium is an amenable material for designing of implant and it is possible to modify the surface using a variety of
protocols.
Roughness resulting from acid etching varied according to acid concentration, type of acid, duration of acid
etching procedure, original surface roughness of the substrate and temperature.
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There are critical time for roughening with acid etching, that after it the acid effect start to smooth titanium surface instead of
roughening it.
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