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Surface Characterization of Titanium Based Dental Implants
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The study of dental implant surfaces is relevant in order to better understand the interaction of the titanium
surface and the surrounding tissues. Clinical success is achieved not only because of implant material but also
because of other properties as implant design, surface treatment and quality. In this work, we report a detailed
surface investigation of three major Brazilian made implants and compared them to a world-known implant.
The surface composition and morphology were investigated by using X-ray photoelectron spectroscopy and
scanning electron microscopy. Results of a biological test implemented in order to verify the bioactivity of the

implant surface are also presented.
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I. INTRODUCTION

Since Branemark and coworkers introduced the use of
screw shaped commercially pure (cp-Ti) titanium implants for
oral rehabilitation, an increasing number of dental and ortho-
pedic implants are placed in patients every year. Titanium and
its alloys are among the most commonly used implant ma-
terials, particularly for dental, orthopedic and osteosynthesis
applications [1,2]. These materials are known to have a com-
bination of good properties making them particularly relevant
and suited for biomedical applications. Titanium shows a fa-
vorable combination of intrinsic properties for the fabrication
of dental implants such as low specific weight, high strength to
weight ratio, low modulus of elasticity, very high corrosion re-
sistance and excellent general biocompatibility [3]. The pas-
sive oxide layer that forms on the titanium implant surfaces
protects the underlying metal from further oxidation and al-
lows the osseointegration.

Clinical success is achieved not only because of implant
material but also because of other properties as implant de-
sign, surface treatment and quality, besides other implications
as surgery technique, host bone quality and load bearing [4].
Among all of titanium properties one of the most important
is the surface quality [5]. Titanium oxide compounds, present
on the surface of commercially pure titanium implants, are
responsible for the favorable biological interaction that occur
on the bone-fixation interface. This oxide layer provides ti-
tanium biocompatible features [6]. Chemical composition of
the implant surface can differ markedly from bulk composi-
tion due to manufacturing finishing such as machining, ther-
mal treatment, blasting, etching, coatings and even steriliza-
tion procedures. Surface contamination introduced by these
procedures, as for example, traces of metals, ions, lubricants,
and detergents may alter for better or worse the surface bio-
compatibility even when present in small quantities. Based on
these considerations, a careful control of implant surface com-
position becomes a relevant procedure to produce high quality
devices [7-9].

Studies on surface characteristics using photoelectron spec-
troscopy and electron microscopy among other surface tech-
niques have been seeing in literature [10-13]. It has also been
observed that there is a lack of surface properties investiga-

tion of Brazilian made dental implants. In the present work,
we report a detailed study on the chemical and morphological
properties of three different Brazilian made dental implants
available on market (Neodent, SIN and Conexdo). A world
wide known implant system from Nobel Biocare [14,15] were
also characterized and used as standard, and the results were
compared to that obtained for the Brazilian implants. The sur-
face composition and morphology were investigated using X-
ray photoelectron spectroscopy (XPS) and scanning electron
microscopy (SEM). A biological test was implemented in or-
der to verify bioactivity of the samples. The dental implants
were immersed in simulated body fluid (SBF) during 21 days.
After SBF immersion test the implants surface were analysed
by XPS. The formation of an apatite-like layer on the implant
surface was investigated.

II. EXPERIMENTAL PROCEDURE

For implants of four different manufacturers, two types
of surface finishing have been analysed in terms of surface
morphology and composition, machined implants: Brane-
mark MKIII (Nobel Biocare, Gotenburg, Sweden), Master
(Conexao, Sao Paulo, Brazil), Titamax Liso (Neodent, Cu-
ritiba, Brazil) and Revolution (SIN, Sdo Paulo, Brazil) and
porous implants: Branemark MKIII TiUnite (Nobel Biocare,
Gotenburg, Sweden), Master Porous (Conexao, Sdo Paulo,
Brazil), Titamax Porous (Neodent, Curitiba, Brazil) and Rev-
olution Superficie Ativada (SIN, Sdo Paulo, Brazil). They
were kept in original sterile packaging until the attachment to
a sample-holder in order to permit handling inside the vacuum
chamber. This procedure was carefully controlled to prevent
contamination during manipulation and never exceeded five
minutes before vacuum insertion. XPS photoemission spec-
tra of the dental implants were collected using a CLAM2 Mi-
crotech electron analyser and Al Ka radiation (1486.6 eV).
Wide scan photoemission spectra were recorded with pass en-
ergy of 50 eV and normal emission. The elemental surface
composition was calculated by normalizing the relative spec-
tral peak areas (A) using relative sensitivity factors S [16], as
illustrated in the equation
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Surface bioactivity was assessed through immersion of
each sample into a polypropylene flask containing 30ml of
SBF for the period of 21 days. This test is commonly used
to check in vitro deposition of a superficial hydroxyapatite
layer when a biomaterial is in contact with constituents of
corporal fluids [16]. SBF solution was prepared by dissolv-
ing reagent-grade NaCl, NaHCO;3;, KCI, NaHPO4-7H,0,
MgCl,-6H,0, CaCl, and NaSo4 on distilled water containing
buffering agent, HCl and (CH,OH)3CNH, at pH 7.25. The
immersed implants were kept at 37 C for 21 days, after that
they were rinsed in distilled water and dried. XPS wide scans
were also performed after SBF immersion. Scanning electron
microscopy investigations of the implants were performed just
after removing them from the sterile packaging using a JEOL
JSM-5310 microscope. The beam acceleration voltage was 25
kV and themagnification ranged from 35 to 3500.

III. RESULTS

Surface elemental composition (% atomic concentration),
as measured by XPS analysis, is presented in Table I and II.
Different implants were labeled according to manufacturer:
(1) Neodent, (2) SIN, (3) Conexdo and (4) Nobel. Table I
presents the surface elemental composition of machined (M)
and porous (P) surface implants before (B) immersion in SBF.
Table II shows the surface elemental composition for ma-
chined (M) and porous (P) implants after (A) 21 days of im-
mersion in SBF. Constituent elements of SBF solution such
as Ca, P, Na and Cl were observed with concentration varying
from trace concentration (< 1%) to ~4%.

The XPS analysis and surface elemental composition for
machined implants from Neodent, SIN and Conexado pre-
sented similar amounts of titanium dioxide and carbon com-
pounds. Traces of nitrogen appeared for all brands. Traces
of silicon were observed in Conexdo implant. On our stud-
ies, Nobel Biocare machined implant did not presented rep-
resentative amount of any other element but titanium (oxide),
oxygen and carbon on surface. Porous implants presented a
lower titanium concentration at the surface when compared
to the machined ones. Quantitative analysis shows about 7%
of nitrogen on the surface of the Conex@o implant and traces
of silicon were observed on Neodent and SIN implants, and
small amount of phosphorous was found on the Nobel implant
surface.

XPS wide scans of Neodent, SIN, Conexao, and Nobel Bio-
care machined and porous implants before and after immer-
sion on SBF for 21 days are presented in Fig. 1 to 4.

SEM images obtained before immersion on SBF showed
slight differences among machined implants. In lower magni-
fication, it was possible to identify rounded, well defined con-
tour of threads of the four manufacturers on both types, ma-
chined and porous implants. High magnification micrograph
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TABLE I. Surface elemental composition of machined (M) and
porous (P) surface implants before (B) immersion in SBF.

Surface concentration (atomic %)

Sample o Ti C Na N Ca [¢] P Si
BiM 52 14 33 - 1 - - = -
B2M 47 12 38 2 -
B3M 48 15 32 3 2
B4aMm 50 20 30 -
BiP 42 6 49 3
B2P 35 7 53 - 5
B3P 50 10 32 7 - -
B4P 50 12 35 - 2

TABLE II. Surface elemental composition of implants after (A) 21
days of immersion in SBF (* = traces).
Surface concentration (atomic%)
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(3500 ) of machined implants for all 4 manufacturers showed
unidirectional striations likely due to the machining process.
Neodent, SIN and Conexdo presented differences on porosity
aspects probably related to particular surface treatment dis-
pensed by each manufacturer. Nobel porous implant has a pe-
culiar porosity aspect with regular distribution of porous along
the surface, markedly different from other brands. High mag-
nification SEM micrograph are presented in Fig. 5 and Fig. 6.
They were labeled according to the manufacturer.
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FIG. 1: XPS wide scans of Neodent implants before and after SBF
immersion for 21 days: (1) machined surface implant; (2) porous
surface implant; (3) machined surface implant, after SBF immersion;
and (4) porous surface implant after SBF immersion.
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FIG. 2: XPS wide scans of SIN implants before and after SBF im-
mersion for 21 days: (1) machined surface implant; (2) porous sur-
face implant; (3) machined surface implant, after SBF immersion;
and (4) porous surface implant after SBF immersion.
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FIG. 3: XPS wide scans of Conexao implants before and after SBF
immersion for 21 days: (1) machined surface implant; (2) porous
surface implant; (3) machined surface implant, after SBF immersion;
and (4) porous surface implant after SBF immersion.

IV. DISCUSSION

The XPS analysis showed that dental implants surface con-
sisted of oxidized titanium (mainly TiO;), carbon, oxygen
and a few amount of contaminants like N, P and Si. Implant
surface constituents and contaminants are frequently related
to bulk composition and to surface modification treatments.
Some authors [3, 11, 17 - 19], have reported that surface find-
ings vary according to each manufacturer procedure technique
and the presence and even variation of elements concentra-
tion should not be related to future success or failure of an
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FIG. 4: XPS wide scans of Nobel Biocare implants before and af-
ter SBF immersion for 21 days: (1) machined surface implant; (2)
porous surface implant; (3) machined surface implant, after SBF im-
mersion; and (4) porous surface implant after SBF immersion.

implant type or brand. The carbon signal that appears reg-
ularly is also related to cleaning agents used on manufactur-
ing stages [8]. Dioxide titanium percentage among Brazil-
ian machined implants, according to XPS quantification, is
quite similar and not much lower than in Nobel machined im-
plants. These percentages may be attributed to the similar
quality level on machining process of Brazilian manufactur-
ers, who have been through significant development last years.
Brazilian porous implants presented higher carbon signal than
Nobel ones, probably due to specific manufacturing technique
used by Nobel Biocare. Since treatment procedures are kept
as industrial secret, it is difficult to know exactly why Nobel
implants showed lower carbon signal.

Although some minor differences were found, XPS analy-
sis of Brazilian implants, either machined or porous finish-
ing, showed no discrepancy among surface composition when
compared to Nobel Biocare implants, taken as reference in
this work. The limited ensemble of three specimens per type
of implant used in this study does not allow drawing conclu-
sions about one particular batch, meanwhile it is important
to remark that there are few studies of implant surfaces like
this and, in this manner, our results can be particularly rele-
vant for the Brazilian dental implant industry, branch that is
in expansion. Long-term follow-up studies with Nobel Bio-
care machined and porous implants [20, 21, 22] reports high
degree of clinical success. Considering the surface chemical
composition and the absence of discrepancy among tested im-
plants, it is reasonable to say that Brazilian implants reached
a good production standard when compared to Nobel Biocare
ones. In what concerns surface morphology and the impor-
tance of surface roughness for implant incorporation, the ma-
jor difference found on this study was for the porous implants.
It is known that each manufacturer makes use of a specific
treatment in order to obtain porosity on surface, as confirmed
by SEM images that showed different surface morphology for
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FIG. 5: SEM images (3500X) of titanium machined implant surfaces before immersion on SBF. (IM) Neodent machined implant, (2M) SIN
machined implant, (3M) Conexdo machined implant, and (4M) Nobel Biocare machined implant.

FIG. 6: SEM images (3500X) of titanium porous implant surfaces before immersion on SBF. (1P) Neodent porous implant, (2P) SIN porous
implant, (3P) Conexdo porous implant, and (4P) Nobel Biocare porous implant.

each porous implant. Nobel’s unique pattern of porosity is the
most regular among samples. Although the present work have
not checked the roughness of tested implants it is important to
encourage more studies on this specific topic as far as the sur-
face roughness is reported as a key parameter for the implant
retention by works on literature [23,24].

The surface composition analysis of implants after SBF im-

mersion test revealed new components like Ca, Na, and Cl.
This in vitro study test the biocompatibility of implants once
specific ceramic and metallic biomaterials tend to deposit an
apatite layer when immersed on SBF solution, which repro-
duces the constituents of corporal fluids [25]. The presence of
the elements cited above may suggest an apatite layer forma-
tion on tested biomaterials when calcium/phosphorus atomic
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concentration ratio is near 1.6. However, the Ca:P ratio of
tested specimens could not be accurately determined since the
concentration of Ca and P are at sensitive level of XPS tech-
nique.

V. CONCLUSION

All the implant surfaces investigated showed titanium diox-
ide, carbon and oxygen in their chemical composition accord-
ing to XPS analysis. A few amounts of contaminants like N,
P and Si were also found. After SBF immersion, the implant
surfaces showed new components like Ca, Na and Cl, but in
traces concentration, so the apatite layer formation could not
be verified.
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The studied Brazilian implants suggested good produc-
tion standard of manufacturers and showed no discrepancy in
chemical composition when compared to Nobel Biocare sam-
ples.

Finally, we afirm the relevance of this kind work for dental
implantology since there are few studies of implant surface
properties and the number of dental implants produced and
placed in Brazil is increasing every year.
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