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Abstract

Introduction. An important role in the appearance of acute or chronic infections is played by bacterial
biofilms that contain several bacterial species and that develop preferentially on inert surfaces, dead tissues
and medical devices.
Purpose. In this material we tried to make an interesting study, regarding the adhesion capacity of
microbial biofilms characteristic of the oral cavity of human subjects on the surface of materials used for
industrial scale manufacturing of dental implants: titanium and zirconium dioxide (Zirconia).
Material and methods. For this study were used plates of Ti4 and zirconia, on which adhesion of
different bacterial strains belonging to the species Enterobacter cloacae, Klebsiella oxytoca and Klebsiella
pneumonia were tested.
Results and discussions. A rather high microbial load was observed on both types of materials for all
types of bacterial strains studied. For certain types of strains, a lower colonization was noted in the case of
zirconium dioxide compared to Ti4 surfaces.
Conclusions. Although Zirconia has been reported to have a lower susceptibility to bacterial adhesion,
our study contradicts this aspect specified in the literature. Both titanium and zirconium dioxide are
promptly colonized by existing bacteria on the teeth left in the oral cavity.
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INTRODUCTION
Human being has been the victim of acute epidemic
infectious diseases, caused in more than half of the
cases of bacterial species, living together on / or in the
human body or in the environment, causing chronic in-

fections sometimes very serious, such as immuno-compromised patients (1-5).
An important role in the occurrence of acute or
chronic infections is played by bacterial biofilms that
contain several bacterial species and that grow preferentially on inert surfaces, dead tissues and often on
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medical devices, including prosthetic devices and other
materials for medical use, for example: sutures (Staphylococcus epidermidis, S. Aureus), contact lenses (Pseudomonas aeruginosa, Gram-negative shells), prosthetic restorations on implants or classic (fixed and mobile),
occlusal rims, trial dentures, impression materials and
dental impressions (various bacteria and fungi), venous
catheters (Staphylococcus epidermidis), mechanical
valves (Staphylococcus epidermidis, S. Aureus), endotracheal tubes (different bacteria and fungi) etc. (6-8).
Examination by electron microscopy on the surface
of medical devices or tissues taken from patients with
chronic infections, unrelated with medical devices, revealed the presence of bacterial biofilms, which appear
surrounded by a matrix of extracellular polysaccharides (1-5).

PURPOSE
Titanium has many applications in dentistry, being
used in almost all areas of this medical specialty, but
especially in implant-prosthetic rehabilitation. In implant-prosthetic rehabilitation, titanium can be used
either in the form of dental implants, or in the form of
cast or processed (milled) using computerized CADCAM systems in the manufacture of metal infrastructure, in the case of fully physiognomic mixed metal-ceramic implant-supported prosthetic restorations.
Another material used successfully in these first
decades of the 21st century in implant-prosthetic rehabilitation is zirconium dioxide (ZiO2) or more simply Zirconia, as it is known in the literature. In implant-prosthetic rehabilitation, this revolutionary material is
used, similar to titanium, both for the manufacture of
dental implants and for the manufacture of infrastructure for fully physiognomic prosthetic restorations with
implant-supported ceramic component. Among the
major advantages of using zirconium dioxide (Zirconia)
are the following aspects: very good biocompatibility,
excellent physiognomic appearance, very good resistance to pressure and abrasion etc. (1-5,9).
But what should be mentioned in this study is that
both materials, titanium and zirconium dioxide (Zirconia) being the only materials actually used in the manufacture of dental implants, both types of tissue integrations (bone and gingival) that occur (gingival
integration in human subjects and epithelial-conjunctive integration in experimental studies in animals, but
also bone integration in human subjects, as well as in
animal studies) are very good. However, in order to
achieve a proper tissue integration, a number of conditions need to be met, of which the degree of adhesion
to these 2 materials of microbial biofilms must be specified in particular. Basically, depending on the biofilms
formed on the surface of dental implants made of tita-

nium or zirconium dioxide (Zirconia), their degree of infectivity, etc., the tissue integration (epithelial, conjunctival and bone) of these medical devices can be
decisively influenced, in the context of an implant-prosthetic rehabilitation of a greater or lesser extent (10-13).
Thus, we tried to make a very interesting study,
even if it is only a preliminary one, regarding the ability
of some microbial biofilms characteristic of the oral
cavity of human subjects, on the surface of some materials used for industrial scale manufacturing of dental
implants: titanium and zirconium dioxide (Zirconia).
Specifically, the objectives of this study are to obtain methodological and scientific information on bacterial biofilms, relevant to human health, in order to
improve the prophylactic and therapeutic methods of
infections caused by them, to assess the opportunity
and effectiveness of antimicrobial therapy, by studying
the resistance of biofilms to the action of antimicrobial
substances.

MATERIALS AND METHODS
The study was performed on bacterial strains from
the collection of the Research Institute of the University of Bucharest, Department of Life Environment and
Earth Sciences. The strains tested are part of the Enterobacteriaceae family and belong to the species Enterobacter cloacae, Klebsiella pneumoniae and Klebsiella oxytoca. These microbial strains have been
isolated from a number of 36 patients (we are talking
about volunteer subjects who have given their consent
for this harvesting maneuver), implant-prosthetic rehabilitated patients in the last 3 years (fixed implant-supported prosthetic restorations) and were identified by
MALDI-TOF mass spectroscopy, Bruker.
The tested bacterial strains were harvested using
dental scaling instruments from the dental plaque localized below or above gum line, from the aforementioned volunteer patients. After sampling, the samples
were kept and transported sterile in RTM (Reduced
Transport Medium; - container specially equipped with
transport medium) to the Research Institute of the University of Bucharest, Department of Life, Environment
and Earth Sciences, where they were processed, entering in the collection of microbial strains of this research
institution. Certainty identification of microbial strains
was achieved by establishing the biochemical profile,
with the help of API tests (Analytical Profile Index) (1416). Subsequently, microbial strains belonging to the
family Enterobacteriaceae and belonging to the species
Enterobacter cloacae (Enterobacter cloacae 1, Enterobacter cloacae 2, Enterobacter cloacae 17), Klebsiella
pneumonia (Klebsiella pneumoniae17, Klebsiella pneumonia 173) and Klebsiella oxytoca (Klebsiella oxytoca
22 and Klebsiella oxytoca 223) were tested.
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Evaluation of the microbial biofilms’ formation on
inert substrate
The quantification of biofilm formation on surfaces
represented by commercially pure titanium grade 4
(identified as (Ti4) (presented in the form of plates) and
sintered zirconia tablets was determined by evaluating
the number of colony-forming units (CFU). The materials used, after pre-sterilization with UV for 30 minutes
on each side, were contacted with an inoculum of 1.5 x
105 CFU/mL from each strain for 24 hours.
After incubation, each material was carefully
washed to remove unadhered bacteria, deposited in
500 µl saline and vortexed for 30 seconds at maximum
speed to remove adherent bacteria on the surface.
From the resulting solution, serial decimal dilutions
were made and seeded in agar medium to determine
the number of CFU/mL.

RESULTS AND DISCUSSIONS
The oral microbiome comprises about 700 phylotypes, of which more than half can be present at any
time in the oral cavity of a healthy individual (17).
The initial adhesion of bacteria on the surfaces in
the oral cavity occurs very quickly after cleaning (brushing) the teeth. Bacterial adhesion has been reported to
occur within 5 minutes after inserting sterile enamel or
synthetic carbonic hydroxyapatite surfaces into the
oral cavity (18).
Implant-supported prosthetic restorations are a
treatment widely used in dental practice. Numerous
studies published in the literature report high success
rates over time, but late clinical complications have
also been reported, which, if not identified and treated
in time, can lead to serious implantation failures. Complications are mainly due to peri-implant infections
(periimplantitis), as a result of an inflammatory process
caused by microbial penetration through the im-

plant-abutment interface and colonization of implant
surfaces/components (19).
In this study, the bacterial strains were put in contact with the test materials (commercially pure titanium grade 4 – Ti4 and Zirconia) in liquid medium (Figure
1). Their ability to adhere to the surfaces they came in
contact with was quantified by determining the number of CFU/ml (Figure 2).
The analysis of the data obtained after determining
the number of CFU / mL showed that the bacterial adhesion is similar in terms of the two materials tested,
namely the fragments of Ti4 and Zirconia (sintered)
(Figure 3).
Specifically, a rather high microbial load was observed on both types of materials for all types of bacterial strains studied, in the context in which in the literature, Zirconia (zirconium dioxide) has been reported as
a revolutionary material not only in terms of biocompatibility, physiognomy and/or resistance to pressure
and abrasion, but also a material with a strong antibacterial action, on which microbial biofilms adhere with
considerable difficulty, but with a very low survival
rate. Specifically, Zirconia has been reported to have a
lower susceptibility to bacterial adhesion (20). However, the study conducted by us contradicts certain existing data in the literature.
As an example, in our study, in the case of Klebsiella
sp. (see especially Klebsiella pneumonia strain 173)
there is a slightly lower colonization on zirconium dioxide compared to commercially pure titanium grade 4
(Ti4). However, adhesion to a surface is conditioned by
a number of factors, including chemical composition
and surface topography.
Adherence is a major advantage for pathogenic bacteria, in terms of nutrient assurance, protection against
antibodies and lysozyme, etc. Their multiplication, after adhesion, takes place at a much higher rate than
non-adherent cells (21).

a							 b
Figure 1. Appearance of Ti4 and Zirconia fragments (samples) in contact with bacterial strains (initial contact - a and appearance
after 24 hours - b)
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Figure 2. Quantification of the biofilm developed on the surface of the materials by sowing on an agar medium

Figure 3. Quantification of the biofilm developed on the surfaces of commercially pure titanium grade 4
(Ti4) and zirconium dioxide (Zirconia)

Both titanium and zirconium dioxide are promptly
colonized by a bacterial community closely related to
the microbial model of the remaining teeth (19).
Studies in the literature have indicated that the surface roughness is a major factor, which influences the
adhesion especially in titanium, and much less in zirconium dioxide (22). More specifically, Zirconia is recommended as the material of choice in implant-prosthetic
rehabilitation both because of its biocompatibility and
because it has a much lower susceptibility to microbial
biofilms compared to other materials of major utility in
oral implantology (20-22).
But the oral microbiota is a risk factor when it is associated with dental implants made of two components: the implant itself and the implant abutment.
Geodes and cavities inherent in dental implant-implant
abutment assemblies can act as highly retentive areas
for microbial biofilms (they have been likened in the

literature to true caps for microbial biofilms), housing
bacterial species that can cause inflammatory reactions
in soft tissues around dental implant, which in a relatively short time can evolve and lead to implant failure.
However, studies on microbial adhesion in various
materials used in dental practice and the impact over
time of complex oral microbial biofilm on the clinical
parameters of implant-worn prosthetic restorations
are not yet very conclusive (20).

CONCLUSIONS
On both types of materials, a rather high microbial
load was observed for all bacterial strains studied.
In the case of Klebsiella sp. (see especially Klebsiella
pneumonia 173 strain), a slightly lower colonization of
zirconium dioxide compared to commercially pure titanium grade 4 (Ti4) is observed.
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Although Zirconia has been reported to have a lower susceptibility to bacterial adhesion, our study contradicts this aspect specified in the literature.
Both titanium and zirconium dioxide are promptly
colonized by existing bacteria on the teeth left in the
oral cavity.
Starting from this very ability to colonize of microbial strains, we tried to find plant extracts with antimicrobial properties that would decisively disorganize the
adhesion of microbial biofilms, but at this time we

managed only very accurate studies in terms of microbiology and biocompatibility (which we will present in
other articles), and in the future we will study the effect of these herbal compounds on possible corrosion
processes, especially on titanium and its alloys.
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