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Risk factors associated with peri-implantitis are related to the biofilm composition around the
implant and the ability of bacterial adhesion. This study evaluated the biofilm formation on different
surfaces of commercially pure titanium (CP Ti) grade 4 after 12, 24, 48 and 168 hours using the
microcosm technique and scanning electron microscopy (SEM). The following surface conditions
were examined: S (control)- smooth and plain; B- sand-blasted with aluminum oxide; E- etched using
nitric acid; and BE- the combination of J and A treatments. Statistical differences on biofilm formation
(CFU/ mg) were found between the control (S) and B surfaces at the first 12 hours, which are related
to the lowest (R, = 0.21 um) and highest (R, = 0.62 um) mean roughness values. At 168-hour all
surfaces showed similar biofilm formation. Yet, microbial growth occurred on all surfaces, regardless

of the surface treatment.

Keywords: titanium, microcosm, biofilms, peri-implantitis

1. Introduction

In Dentistry, titanium implants are used as the material
of choice for a wide variety of cases, from the replacement
of a single dental element to complete restorations!'=.
Titanium is indicated because of its excellent mechanical,
physicochemical and biochemical properties, tissue tolerance,
biocompatibility®$, hardness, corrosion resistance and bone-
like modulus of elasticity?.

The technological evolution of implants has enabled the
development of models with different surface topographies’,
increasing the available area and allowing for osseointegration'®!!.
Changes in the topography and in the surface free energy of
titanium are possible through surface treatment using, for
example, abrasive particles (sand-blasting) and acid etching'>.
Although surface roughness benefits osseointegration, it
may facilitate the accumulation of microbial species and
lead to peri-implant infection, resulting in bone destruction
and failure of restorations with this type of biomaterial'>'.

Human dental plaque is a complex biofilm with different
concentrations of bacterial species in different environments
and in vivo study is hindered due to its heterogeneity, available
amount and limited access, in addition to ethical problems.
Considering these limitations, Wong & Sissons'® developed
an “artificial mouth” plaque culture system in order to
investigate microcosm and to minimize the limitations of
biofilm studies. Microcosm is defined as a microbiological

*e-mail: luruschel@upf.br

entity that represents the natural in vitro dental plaque.
This way, microcosm maintains the natural complexity of the
oral biofilm, its biodiversity and its heterogeneous structure'®.
The aim of this study was to evaluate the biofilm formation
in different time periods on titanium surfaces submitted to
different surface treatments using the microcosm technique.

2. Material and Methods

The study protocol (no. 141/2012) was approved by the
local Ethics in Research Committee. A randomized in vitro
study was performed, in which biofilms were allowed to
form in microplates on titanium discs and saliva (microcosm)
was used as inoculum. The saliva was collected from a
nonsmoking donor with periodontal disease that did not take
antibiotics for 30 days and abstained from oral hygiene for
24 hours before saliva collection. The selection parameters
were periodontal pockets deeper than 4 mm with bleeding
and/or suppuration at periodontal probing and with clinical
insertion levels of approximately 7 mm. Titanium specimens
(164) were fabricated, 40 specimens were assigned for
each surface treatment and biofilm experiment, and four
were randomly selected for SEM analysis without biofilm
formation. Biofilms were grown up to 12, 24, 48 and
168 hours (n=10). At each time-point, 9 specimens were used
for microbiological analysis and 1 specimen was randomly
selected for SEM analysis.
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2.1. Specimens

Titanium specimens were donated by Titanium Fix®
- AS Technology Ltda (S@o José dos Campos, SP, Brazil)
measuring 5 mm in diameter and 3mm in thickness with
surface treatments as follows:

S (control)- smooth, plain surface;

B- sand-blasted with aluminum oxide;

E- etched with nitric acid; and

BE- sand-blasted with aluminum oxide and etched with
nitric acid.

The initial roughness of a disc in each condition was
measured by an optical profilometer (Surr-Corder SE1200
— Koxaka Lab, Tokyo, Japan), calibrated with V 200,
H 25 mm/Ac and Ac 0.25 mm, and the mean roughness (R )
was used for comparison of the surfaces. For each specimen,
three measurements were performed on each side and in
different directions to obtain the mean roughness (ABNT
NBR ISO 4288).

2.2. Artificial saliva (DMM) preparation

The artificial saliva or defined medium mucin (DMM)
was obtained as proposed by Wong & Sissons'®: porcine
gastric mucin (2.5 g/L), urea (1.0 mmol/L), salts (in mmol/L
(CaCl,, 1.0; MgCl,, 0.2; KH,PO,, 3.5; K,HPO,, 1.5;
NaCl, 10.0; KCI, 15.0; NH,CI, 2.0), 21 free amino acids,
17 vitamins, and growth factors. The medium contained
amino acids for the protein/peptide equivalent (in mmol/L),
whose concentrations are based on human saliva. The amino
acids included alanine (1.95), arginine (1.30), asparagine
(1.73), aspartic acid (1.52), cysteine (0.05), glutamic acid
(5.41), glutamine (3.03), glycine (1.95), histidine (1.08),
isoleucine (2.38), leucine (3.68), serine (3.46), threonine
(1.08), tryptophan (0.43), tyrosine (2.17), valine (2.38),
and casein (5.0).

2.3. Saliva collection and processing

Saliva was collected from a donor with periodontal disease.
It was stimulated with parafilm (Parafilm “M”®, American
National Can TM, Chicago, IL, USA) and collected 70 mL
of saliva that was placed in a sterile graded collector and
transported in a foam ice chest to the local Laboratory of
Microbiology. The saliva was filtered in sterile glass wool
and homogenized in a vortex mixer'”'®. An aliquot of such
saliva was used for bacterial quantification (CFU/mL).

2.4. Biofilm growth

The titanium specimens was inoculated on microplates
with 400 pL of the prepared saliva. After 60 minutes, the
saliva was gently aspirated and 1.8 mL of artificial saliva
was added to each microplate. The plates were incubated
under anaerobic conditions (80% N,, 10% CO, and 10% H,)
at 37 °C for up to 168 hours and the plates were stirred on
a daily basis and the supernatant was removed, the pH was
measured (pH meter — Analion PM608 Plus, Sao Paulo, SP)
and the DMM was replaced. After 12, 24, 48 and 168 hours
of incubation'®?, the discs were removed from the wells
with sterile tweezers and the non-adherent cells were gently
removed by washing with sterile saline (2 mL). After that,
the discs were placed in tubes containing 1 mL of reduced
transport fluid (RTF) and sonicated (Sonicador Vibra Cell
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— Sonics and Materials, Danbury, CT, USA) at 40 W and
at a range of 5%, using six pulses of 9.9 s each. Thereafter,
the suspensions were serially diluted to 107, inoculated in
duplicate on blood agar and incubated under anaerobic
conditions (80% N,, 10% CO,, 10% H,) at 37 °C for 96 h.
The colony forming units were counted and the results were
expressed in CFU/mg of biofilm specimen (dry weight)*!.

2.5. Preparation of samples for scanning electron
microscopy (SEM)

The specimens were placed in 24-well microplates and
immersed in 2.5% glutaraldehyde solution in phosphate buffer
to transport to the local Center for Electron Microscopy to exam
under SEM (JSM 6060), with a voltage from 0.1 to 30 Kv.

2.6. Statistical analysis

The results were statistically analyzed using two-way
ANOVA and Tukey tests (0=0.05), based on the normal
distribution model and equal variance (IBM SPSS Statistics
Software version 2.0).

3. Results and Discussion

The roughness and biofilm formation values are
summarized in Tables 1 and 2. Representative SEM images
of the biofilm formation on different titanium treated surfaces
are shown in Figure 1. At first 12 hours the biofilm formation
was greater on the sand-blasted (B) surface than on S or E
surfaces. At 24 hours the B surface showed greater biofilm
formation than E surface, which was not different from S and
BE surfaces. At 48 hours, biofilm formation was greater
on BE surface than on S surface. At 168 hours, there was
no statistical difference in biofilm formation between all
examined surfaces (p>0.05).

It has been reported that bacterial biofilm formation on
dental restorative materials is a clinical problem, and on dental
implants it has been associated to peri-implantitis®!31422.23,
The microcosm technique or “artificial mouth” developed
by Wong and Sissons'® has already been explored for the
assessment of antimicrobial substances and in the field of
cariology'®18+28 However, few studies exist on adhesion and
biofilm formation on titanium surfaces and on peri-implantitis®.

In the present study, microcosm was used to simulate
the oral environment as to the multi-strain behavior of the
bacteria found in human saliva, especially in periodontal
patients. Another advantage of using microcosm is the
feasibility of biofilm study on a large scale through the use of

Table 1. Values for the three roughness measurements and the
average roughness value (in um) of titanium discs with different
surface treatments.

Surface Roughness measurements Mean
treatments 15t 2nd 3rd roughness
R)
Smooth 0.196  0.256 0.191 0.214
Sand-blasted  0.632  0.583 0.658 0.624
Acid-etched 0316 0.313 0.335 0.321
Sand-blasted  0.538  0.493 0.499 0.510

and acid-etched
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artificial saliva (DMM) and appropriate nutritional conditions
for biofilm growth. By using titanium discs with different
topographies, biofilm growth periods, and multiplication
conditions in an “artificial mouth”, it is possible to observe
the adhesion, concentration and biomass of microorganisms
in different time periods and on different surfaces.

Saliva was collected from periodontal patients because
it was reported that the microbiota in peri-implantitis is
similar to the one found in periodontal disease, as well
as its pathogenesis®. This correlation between biofilm
accumulation and presence of periodontal pathogens at the
level of bone loss and around the peri-implant tissue has
been well reported®**”. However, peri-implantitis does not
occur without previous adhesion and subsequent microbial
colonization. Adhesion depends on the type of microorganism,
on the physicochemical properties of the implant surface and
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on the presence of oral fluids between the microorganisms
and the surfaces®*2, as well as on the control procedures
associated with oral hygiene*#,

Initial biofilm formation may be influenced by the implant
surface and the adhesion of microorganisms seems to be
directly proportional to surface roughness®##>!. Other studies
also confirm the relationship between surface roughness and
the efficiency for osseointegration®***. Thus, the rougher the
surface, the larger the accumulation of biofilm*, and the
greater the chances for clinical failure due to the interplay
between these factors.

This issue was investigated by Teughels et al.*® and
Mioralli*’, who reported on rough surfaces with larger
accumulation and plaque retention and development of
more mature plaques, characterized by the increase in the
number of colonies, mobile organisms and spirochetes.

Table 2. Incubation period and biofilm formation (log,, CFU/mg) on titanium discs with different surface treatments.

Sand-blasted and

Hours Smooth Sand-blasted Acid-etched acid-etched P
12 7.348+7.155 AB 7.622+7.156 C 7.241+6.971 A 7.477+7.084 BC 0.001
24 8.153+7.561 AB 8.309+7.802 B 8.103+7.724 A 8.255+7.628 AB 0.016
48 8.468+8.1375 A 8.619+8.149 AB 8.623+8.163 AB 8.728+8.038 B 0.013
168 8.941+8.384 NS 9.014+8.354 NS 8.878+8.520 NS 8.984+8.571 NS 0.358

NS: not significant. Means followed by same letters in the line are not statistically different (Student-Newman-Keuls test, p< 0.05).

Thm

Figure 1. Photomicrograph of smooth titanium surface (control — S), sand-blasted with aluminum oxide (B), etched with nitric acid (E) and
sand-blasted with aluminum oxide and etched with nitric acid (BE) after 12 hours of biofilm formation.
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Ameen et al.*® tested the energy components on the surface
of several materials to verify the strength of cell adhesion
and demonstrated that the surface free energy is more
important than roughness for induction of adhesion and
cell proliferation.

In the present study, the average surface roughness
is summarized in Table 1. Considering the association of
roughness and microbial growth (Tables 1 and 2), growth
remained constant throughout the study period (12, 24, 48
and 168 hours). Nonetheless, at 12 hours, smooth surfaces
(S) and acid-etched surfaces (E) showed the lowest CFUs
(7.348 and 7.241, respectively), a fact that can be attributed
to the initial adhesion and biofilm formation limited to
less rough surfaces, as mentioned by Amoroso et al.? that
evaluated in vitro the bacterial adhesion of Porphyromonas
gengivalis on titanium discs and the relationship between
roughness and free surface energy. They observed that a
surface with R =0.15 um, classified as very smooth, showed
significant less bacterial adhesion than rougher surfaces
(R;=0.22 um and 0.45 pum), which are similar to implants
surfaces (around R =0.35 um).

In the present study, biofilm formation was smaller at
12 and 24 hours on less rough surfaces (S and E surfaces), in
line with the findings of Biirgers et al.?!, who used sand-blasted
titanium discs etched with nitric acid to assess the in vitro
bacterial adhesion of Streptococcus sanguinis, confirming
that the initial bacterial adhesion on titanium surfaces is
primarily influenced by surface roughness.

At the end of the present experiment (168 hours), there
was no statistical significance (p>0.05) between CFUs
on the evaluated surfaces. Although the control surface
(R,=0.21 um) presented one third of the roughness value of B
surface (R =0.624 um) the biofilm formation was statistically
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