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ABSTRACT
Introduction: With increased usage of restorative materials, dentists are more concerned
in choosing a suitable material with lower adhesion of pathogens like streptococci. This
comparative in vitro study aimed to compare adhesion of streptococcus mutans to zirconia,
IPS Empress II, noble alloy, and base-metal.
Materials and Methods: In this descriptive study, 50 specimens (5 mm diameter disk with 1
mm thickness) were prepared (10 for each material; zirconia, enamel, IPS Empress II, noble
alloy, and base-metal). Enamel was used as reference. The specimens were covered by artificial
saliva and bacterial suspension. Scanning electron microscope and culturing the specimens in
blood agar was used for evaluating bacterial adhesion. The collected data were analyzed by
ANOVA and post-hoc Tukey test.
Results: There was a significant difference in adhesion among study groups (P<0.001). The
least amount of adhesion was observed in zirconia group (28±6.32), followed by enamel
(48.2±8.4), IPS Empress II (50.6±6.99), noble (76±4.9) and base-metal (106.4±9.44). There
was no significant difference in surface roughness among study groups.
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Conclusion: Zirconia showed the lowest bacterial adhesion in comparison to other restorative
materials. Therefore, the findings of the present study highlight the fact that restorative
ceramics, including zirconia is a better choice in patients with poor oral hygiene and those
susceptible to periodontal disease.
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1. Introduction

icrobial adhesion is the initial stage of
colonization and biofilm formation in
the mouth environment [1, 2]. After
biofilm formation, dental plaque forms
on the tooth surfaces and intraoral restorations. Dental plaque is the common reason of caries
and oral cavity disease such as gingivitis, periodontitis
and peri-implantitis [3]. The contributing factors for
bacterial adhesion to restorative surfaces consist of surface substance, electrical charge of microbial particles
and their antibacterial effect, surface roughness and its
hydrophilic and hydrophobic properties, and the surface
proteins of the bacterial membrane [3].
Studies have already been conducted on microbial
adhesion to enamel, composite, amalgam, ceramic and
metal surfaces [4-8]. Although comprehensive investigations about bacterial adhesion to restorative surfaces
have been performed, the current studies reveal a difference in surface properties and bacterial adhesion to
restorative surfaces [9-12]. Among the bacteria that are
effective on adhesion and formation of the dental plaque,
Streptococcus Mutans (S. mutans) is the pioneer and has
a critical role in caries and periodontal disease. Therefore, evaluation of S. mutans and its colonization on the
restorative materials plays a special role on the success
of restorations [4, 10, 13].
Mechanical properties, chemical stability and esthetics
are the reasons for the selection of the restorative materials [3, 14]. The use of all ceramic restorations, especially
zirconia has increased in the past few years because of
their excellent esthetic, high strength and biocompatibility [3, 10]. Up to now, a large number of in vitro and
in vivo investigations on restorative materials with respect to their mechanical properties, chemical stability
and toxicity have been conducted; however, most studies
overlooked the topic of bacterial adhesion and biofilm
formation on the dental material surfaces that has a critical role on the restoration durability [4, 10]. This study
aimed to compare the amount of S. mutans adhesion on
zirconia, enamel, IPS Empress II, noble alloy, and basemetal alloy.

2. Materials and Methods
Fifty specimens (5 mm diameter disk with 1 mm thickness) were prepared (10 for each material; zirconia,
enamel, IPS Empress II, noble alloy, and base-metal).
Zirconia and IPS-Empress specimens were prepared
from Ivoclar Vivadent, Schaan, Liechtenstein dental
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Company by milling. The molds with the mentioned
dimension were waxed up and casted with base metal
(Ni-Cr-T3, VeraBond, Super Cast) and noble alloy
(X33Nourafranco; Switzerland-Italy Inc, Italy). Enamel
was regarded as reference for evaluating the bacterial adhesion in vitro environment.
The enamel samples were prepared from recently extracted third molars. Zirconia and IPS-Empress were
polished for 30 seconds by the fine 46-µm Diamond Rotary Cutting Instrument (DRCI) and then with extra fine
25-µm DRCI, and finally glazed. The semiprecious and
base-metal specimens were polished by Eve (DIAPOl,
diamond polishers, Ernst Vetter GmbH Untere Felsentre. 29D-75180 Pforzheim Germany). After preparing
the specimens, their surface roughness was measured by
using a surface profilometer (Mitutoyo surftest 301, Mitutoyo corporation, Kanagawa, Japan) with a standard
cutoff of 0.8 mm and a stylus speed of 0.1 mm/s.
S. mutans ATCC1683 was used in this investigation
(American Type Culture Collection). The bacteria obtained from stock was plated on Columbia agar (10455:
Merck KGaA) and incubated at 37°C in 10% CO2 atmosphere for 24 hours. Then, the bacteria was obtained
from cultures and transferred into tubes that contained
BHI (Brain-heat infusion, 10493, Merck KGaA) and incubated at 37°C in 10% CO2 atmosphere for 18 hours.
The tube contents were centrifuged and mixed for 5 minutes. Bacterial suspension was concentrated as 1.5×108
bacteria/mL (0.5 McFarland Standard). Before bacterial
adhesion, samples were cleaned by ultrasonic device
(Mini Sono Cleaner CA 1470, KaijoDenki Co. Ltd., Tokyo, Japan) for 15 minutes and were then sterilized by
placing in autoclave at 1210C for 30 minutes.
The specimens (10 for each material) were then placed
in individual sterile tubes containing 0.5 mL physiologic
serum and 0.5 mL bacterial suspension with 0.5 McFarland standard concentration and 1 mL sterile artificial saliva (Hypozalix; BIOCODEX Inc., France) for 10 minutes. The samples were rinsed with 1 mL sterile normal
saline and placed on the plates containing solid blood
agar culture media and incubated at 37◦C for 48 hours.
The estimation of bacteria count on the disk surfaces
was examined under light microscope by an observer
who was blind about the investigation. In order to evaluate the samples under Scanning Electron Microscope
(SEM) (with FE SEM Hitachi scanner) the disks were
covered by 10-nm gold thickness with DC sputtering
and bacteria colonies around each sample were counted
by an experienced operator. For each material, images
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under different magnification in JPEG format were taken
(Figures 1, 2, 3, 4, and 5).
The collected data for adhesion and micro-strength
were evaluated by 1-way analysis of variance (ANOVA)
and post-hoc Tukey test. Since the dependent variable
was quantitative and the normality was confirmed by
Kolmogorov-Smirnov test, we used ANOVA model.
P<0.05 was considered statistically significant.

3. Results
The present study aimed to compare the adhesion of
S. mutans on zirconia, base-metal alloy, noble alloy, IPS
Empress, and enamel. Results are summarized in Tables
1 and 2. According to Table 1, there was no significant
difference among study groups regarding their surface
roughness (P=0.105), but their adhesion values showed
statistically significant differences (P<0.001).
The lowest adhesion value was obtained in zirconia
group (28±6.32) and the highest adhesion value was recorded in base-metal group (106.4±9.44). The results of
one-way ANOVA indicated that the bacterial adhesion
values varied significantly among 5 groups (P<0.001).

The results of Tukey test indicated significant difference
in pair comparison of the specimens except the IPS Empress II with enamel group (P=0.985).

4. Discussion
Bacterial plaque formation on tooth surfaces or restorative materials on tooth structures are the major causes
of dental diseases. The study of plaque formation and
factors affecting it like physical and chemical properties
of tooth and restorative materials have an important role
in preventing caries [3]. Evaluation of plaque adhesion
on different restorative materials is important, as bacterial plaque is one of the major etiologic factors in carries,
periodontitis and peri-implantitis [15].
The influence of surface roughness on bacterial adhesion is complicated. Based on the studies conducted on
surface roughness and its effects on bacterial adhesion,
bacterial accumulation on polished surfaces is more
than rough surfaces. According to Bollen et al. the effect of surface roughness on adhesion has a certain
threshold; the surface roughness below 0.2 micron has
no significant effect on the quantity and quality of bacterial adhesion [16].

Table 1. Surface roughness and streptococcus mutans adhesion (culture and SEM) among the study groups

Type of material
Dependent
Variable

(Mean±SD) (95% CI)

P

Enamel

Zirconia

IPS Empress II

Noble Alloy

Base Metal

Micrometer

0.64±0.03
(0.6-0.67)

0.64±0.01
(0.62-0.65)

0.65±0.01
(0.63-0.67)

0.65±0.01
(0.62-0.66)

0.66±0.01
(0.65-0.67)

0.105

Colony counts
(Culture)

48.2±8.4
(37.76-58.64)

28±6.32
(20.15-38.85)

50.6±6.99
(41.93-59.27)

76±4.9
(69.92-82.08)

106±9.44
(94.67-118.13)

<0.001

Colony counts
(SEM)

27±7.2
(12.6-41.4)

18±8.3
(1.4-34.6)

63±3.3
(56.4-69.6)

81±2.1
(76.8-85.2)

122±3.2
(115.6-128.4)

<0.001

SEM: Scanning Electron Microscope
Table 2. Multiple comparisons between the study groups according to streptococcus mutans adhesion (culture)

Restorative Materials

Zirconia

Zirconia

Enamel

IPS Empress II

Noble Alloy

Base Metal

0.003

0.001

0.001

0.001

0.985

0.001

0.001

0.001

0.001

Enamel

0.003

IPS Empress II

0.001

0.985

Noble alloy

0.001

0.001

0.001

Base metal

0.001

0.001

0.001

0.001
0.001
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Figure 1. SEM view of enamel

Figure 2. SEM view of IPS empress II

Figure 3. SEM view of metal base

Figure 4. SEM view of semiprecious

In the present study, for matching the investigation
with the clinical condition, each study group was polished (except the enamel) with the conventional techniques. The surface roughness did not differ significantly
in the study groups. In fact, the significant differences
observed in the adhesion between groups indicated the
effect of the type of material on adhesion. Because of
the hydrophobic properties of S. mutans, its adhesion to
hydrophobic surfaces was more. Coating the substrate
surface with saliva leads to decreasing the contact angle
and therefore becoming the substrate hydrophilic and reducing the adhesion values [16, 17].

According to this investigation, the adhesion of S. mutans had significant differences among the study groups.
The least adhesion was observed with zirconia, tooth
enamel, IPS Empress, noble alloy, and the highest level
of adhesion was seen to base-metal alloys. In the present study, the differences in the study groups can be directly correlated to the substrate composition that can
influence the initial bacterial adhesion and indirectly by
differences in the pellicle layer formed on the substrate
(specially based on its mucin). In the research studies, dif-

The hydrophilic properties of the surfaces is effective
on the initial nonspecific bacterial adhesion and specific
agents on the cellular wall of the bacteria have greater
influence on the adhesion [18]. S. mutans adheres to
pellicle on the substrate and other bacteria by formation of extracellular glucan from sucrose and adhesion
to this polysaccharide by glucan binding proteins [19].
S. mutans can adhere to the saliva mucin by its surface
enolase protein [20].
Figure 5. SEM view of zirconia
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ferent methods like culture and colony numeration under light microscope, observation of bacteria adherence
to surface by SEM and measuring the light generated by
the bacteria through spectrofluorometer were used [10,
21-23]. In this investigation for evaluating the amount
of S. mutans adhesion, culture and colony numeration
under light microscope and SEM method were used and
the SEM results confirmed the culture results.
The comparison of the studies was difficult because of
the different techniques used for evaluating the bacteria
adhesion, not using enamel as the control group in some
studies and the different surface roughness in studied
materials. The use of enamel as the control group results
in better comparison between different materials that are
not compared with each other in a single investigation.
Therefore in conducting this study, enamel was used as
the control group [10].
For eliminating the effect of surface roughness on the
degree of bacteria adhesion, the disks first went under
polishing and then the surface roughness of four study
groups and enamel was evaluated by profilometer and
the results indicated no statistically significant difference
in the paired comparison of the groups. In the current
study, the adhesion of S. mutans to the samples made
of zirconia ceramics was lower than IPS-Empress which
was also statistically significant.
In Kantorski et al. investigation on two types of ceramics; feldespatics and lucite/feldespatics in comparison to
enamel, the adhesion of S. mutans to specimens formed
by enamel was more than porcelain [23]. In this study
the surface roughness of enamel was more than ceramics. Based on the results of our study, there is no significant difference in surface roughness of the studied materials and enamel and adhesion to enamel was higher than
zirconia but less than IPS-Empress. In the current study,
there was no significant difference between zirconia and
IPS-Empress surface roughness but bacterial adhesion to
zirconia was lower. In Bremers investigation which was
similar to our study with respect to surface roughness,
the results were in agreement with our study [24].
According to this study, the adhesion of S. mutans to
enamel was less than noble (X33) and base -metal (super
one) which is similar to Sardin et al. results. In Sardin et
al. investigation, by polishing the surfaces and creating
similar surface roughness in the range of 0.1 micron, the
influence of surface roughness on bacteria adhesion was
eliminated and in comparison with the four alloys, noble
and a base-metal alloy (Ni-Cr), the lowest adhesion was
observed in enamel [25].

In comparison between noble and base-metal alloys in
the current study, the adhesion of S. mutans to noble alloy was lower which is in contrast with Grivet et al. findings. In Grivet et al. study on four precious alloys and
base-metal, although the surface roughness of five study
groups ranged from 0.02 to 0.06 µm and the influence of
surface roughness values on the bacterial adhesion was
not statistically significant, the amount of S. mutans adherence was higher in precious group than in base-metal.
This difference may be because of the surface free energy of the tested materials, selection of materials from
different companies and differences in the methods of
investigation [26].

5. Conclusion
Different restorative materials have different bacteria
adhesion. Zirconia had the lowest adhesion among the
tested materials and the highest adhesion was seen in the
base-metal. Based on the findings of the current study,
the use of restorative ceramics, including zirconia is a
better choice in patients with poor oral hygiene and those
who are susceptible to periodontal disease.
Limitation of our study was related to the evaluation of
one type of oral bacteria. More studies are recommended on other bacteria and using dynamic procedures like
flow chamber to simulate oral environment.
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