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ABSTRACT
Cobalt chromium (CoCr) alloys are utilized to make dental prosthesis. Casting CoCr alloys is a common operation
in dentistry laboratories due to its low cost. Casting surplus (metal remaining in the sprue and crucible former) is
frequently reused by dental laboratories to reduce and recycle metal waste. However, the quality and safety of these
recast alloys require further information. Microbial attachment to the surface of metal prostheses may affect its quality
and safety. Biofilm formation on metal surface can cause biocorrosion and secondary infection. The effects of different
proportions of recast Cobalt Chromium alloy on the bacterial adhesion are not clear. The purpose of this study was
to investigate how recasting affects the Streptococcus mutans (S. mutans) adhesion. Twenty disk-shaped specimens
(n= 20, allocated for 5 groups) were prepared from CoCr alloys (Remanium GM; Dentaurum) with different proportions
(100% new alloy, 25% recast alloy, 50% recast alloy, 75% recast alloy, and 100% recast alloy). After the immersion of
the specimens in bacterial suspension for 24 hours, the number of bacteria that adhere to the specimen’s surface was
counted using Colony Forming Units. Data were analyzed with one-way ANOVA (α = 0.05). The bacterial adhesion
was significantly affected by the recast alloys (p < 0.05). An increased proportion of CoCr recast alloys showed an
increase in S. mutans adhesion to the specimen surface.
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INTRODUCTION
Cobalt chromium (CoCr) alloys are widely used
in the fabrication of metal prostheses in dentistry.
The casting of CoCr alloys has become a routine
procedure in dental laboratories because it
is relatively inexpensive compared with other
fabrication methods.1 Dental laboratories often
reuse the casting surplus (metal remaining in the
sprue and crucible former) to reduce cost and
recycle metal waste. Adding a certain amount of
previously cast alloy to new alloy is a common
dental practice in many dental laboratories.
However, the quality and safety of these recast
alloys require further information. These recasting
procedures change the chemical composition,
grain dimension, and microstructure of alloys.2
Some studies emphasized that repeated casting
could interfere with the composition of alloys by
reducing trace elements such as molybdenum,
silicon, carbon, manganese, and beryllium, which
could, in turn, affect the microstructure and surface
roughness.3 This study tried to investigate whether
84

the adhesion of Streptococcus mutans (S. mutans)
correlates with the change in surface roughness.
The oral cavity is a complex environment in
which several substances gather, ranging from
food, saliva, oral biofilms, and their metabolites.
Oral biofilms are well-organized communities of
microorganisms surrounded by a polysaccharidebased matrix containing nucleic acids, proteins,
and H2O, that adhere to tooth, dental prostheses
structures, or oral soft tissues. As a result, the pH
in the oral cavity frequently changes, reaching low
values after the intake of acidic substances or acid
release from oral microbial metabolism. Because
of the acid condition, microbial attachment to the
surface of metal prostheses may affect its quality
and safety. Biofilm formation on metal surface can
cause biocorrosion and secondary infection.4 The
most common infection that occurs in prosthetic
users is secondary carries that is caused by S.
mutans.5 The growth of biofilms on dental materials
varies, depending on the surface roughness which
determines the early biofilm interlocking that helps
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to the maturation process.6 The surface roughness,
surface free energy, wettability, and chemical
composition of metallic materials are dominant
factors that influence bacterial adhesion.7
The effects of different proportions of recast
Cobalt Chromium alloy on bacterial adhesion are
not clear. Researchers have continued to examine
the ratios of new to recast alloy needed to obtain
an alloy with acceptable clinical properties. The
purpose of this study was to investigate how
recasting affects the S. mutans adhesion. The null
hypothesis for this study was recasting of CoCr
alloys would affect the microbial adhesion.
MATERIALS AND METHODS
Disk-shaped specimens (10x1 mm) were prepared
from CoCr alloys (Remanium GM; Dentaurum)
with different proportions of new alloys and
recast alloys (%weight). The proportion of new
alloys and recast alloys is shown in Table 1. The
specimens were made from CoCr alloys with
100% new alloys and 0% recast alloys (Group 1,
n=4), CoCr alloys with 75% new alloys and 25%
recast alloys (Group 2, n=4), CoCr alloys with 50%
new alloys and 50% recast alloys (Group 3, n=4),
CoCr alloys with 25% new alloys and 75% recast
alloys (Group 4, n=4), and CoCr alloys with 0%
new alloys and 100% recast alloys (Group 5, n=4).
All the specimens were fabricated using the lost
wax casting technique and the casting procedures
were performed according to the manufacturer’s
instructions.
Phosphate-bonded
investment
material (Bellasun; Bego Germany) was used.
The specimens were finished and polished with
an abrasive rubber wheel using hand motor
instrument rotating at 3500 rpm. After finished,
the specimens were cleaned, rinsed, dried, and
autoclaved at 121 °C for 15 minutes.
For bacterial adhesion, S. mutans ATCC
25175 were used. The strains were streaked onto
brain heart infusion (BHI) agar plates and incubated
for 48 h at 37 °C. Then a fresh colony was inoculated
in appropriate growth medium, namely BHI broth,
for making bacteria suspension using McFarland
0.5 Standard. Human saliva was collected and
sterilized. The specimens were immersed in sterile

Table 1. Proportion of new alloys and recast alloys in the
specimens
new alloys
weight
(grams)

recast alloys

% wt

weight
(grams)

% wt

Group 1

48

100

0

0

Group 2

36

75

12

25

Group 3

24

50

24

50

Group 4

12

25

36

75

Group 5

0

0

48

100

saliva for 60 minutes at 37 °C, thus the specimen
was covered by the salivary pellicle. Thereafter,
the specimens were immersed individually in the
bacteria suspension and incubated for 24 h at 37
°C. After the immersion of the specimens in the
bacteria suspension, the specimens were moved
into sodium chloride solution and vortex to detach
the bacterial adhesion to the specimen surface.
A total of 0.1 ml from the detached bacteria was
collected and diluted in 0.9 ml of the sodium
chloride solution until dilutions at 10 . Then 0.1
ml of the diluted solution was inoculated on BHI
agar plates and incubated for 48 h at 37 °C.
Thereafter, the number of bacteria that adhered to
the specimen’s surface was counted using Colony
Forming Units. The data were analyzed with oneway ANOVA (α = 0.05).
-4

RESULTS
This study showed that the recast alloy influenced
the roughness property and the changes in the
surface roughness could affect the S. mutans
adhesion. The surface roughness of Cobalt
Chromium alloys is shown in Table 2.
The S. mutans adhesion to the surface of
Cobalt Chromium alloys was counted using colony
forming units and all the data were collected and
analyzed. The mean number of bacteria and the
standard deviation of the measurements in each
groups are shown in Table 3.
The bacterial adhesion was significantly
affected by the recast alloys as shown by the P
value of one-way ANOVA (p<0.05). Post Hoc LSD
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Table 2. Mean surface roughness and standard deviation of
measurements

Table 3. Mean number of bacteria and standard deviation of
measurements

surface roughness (µm)
mean

standard deviation

Group 1

1.3650

0.137

Group 2

1.7350

Group 3

number of bacteria (104 CFU/ml)
mean

standard deviation

Group 1

23.50

2.646

0.107

Group 2

25.75

3.403

1.8325

0.097

Group 3

46.75

7.365

Group 4

2.1025

0.084

Group 4

75.75

6.652

Group 5

2.2075

0.083

Group 5

108.50

10.247

Table 4. Post Hoc LSD result
recasting
0 %

0%

25 %

50 %

75 %

100 %

0.988

0.001*

0.000*

0.000*

0.004*

0.000*

0.000*

0.000*

0.000*

25 %
50 %
75 %

0.000*

100 %

showed the differences among the groups.8 The
results of the Post Hoc LSD in this research are
shown in Table 4.
There were significant differences among the
groups (p<0.05). An increased proportion of CoCr
recast alloys showed an increase in S. mutans
adhesion to the specimen surface.
DISCUSSION
The hypothesis was accepted because the
recasting of CoCr alloys affected the S. mutans
adhesion. In the present study, the amount of
microbial adhesion increased significantly with
the addition of recast alloys. This study verified
previous reports indicating that surface roughness
was affected by addition of recast alloys. Recast
alloys had statistically significant differences in
the surface roughness (maximum and mean
surface roughness) as compared to new alloys.
Repeated casting procedures increase element
loss including trace elements, compositional
change, and microporosity, yet decrease the oxide
layer formation.9 Some studies explained that
loss of elements can cause the hard-agglomerate
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particles with high porosity to be formed in the
microstructure. Thus, the roughness can be seen
all over the surface of alloys. This is because two
end members (Co and Cr) require different melting
temperatures and the trace elements used as the
temperature gradient controller may diffuse into
the alloy surface during firing. The reduction in
the grain size is also caused by inhibition of grain
growth by chromium particle.10
This study showed that the changes in the
surface roughness could affect the S.mutans
adhesion. Group 1, with 100% new alloys and
0% recast alloys, showed low surface roughness
of Cobalt Chromium and low S mutans adhesion.
On the other hand, Group 5 with 100% recast
alloys showed high surface roughness of Cobalt
Chromium and high S. mutans adhesion. Recast
alloy could affect the surface roughness of the
alloy which then increased the contact areas,
thus promoting S. mutans adhesion. Among
the surface properties, surface roughness and
topography have been the primary topics in
dental biofilm research. An increase in surface
roughness promotes bacterial attachment due to
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the increase in contact area between the material
surface and bacterial cells.11 The factors of material
properties such as surface charge, hydrophobicity,
roughness, topography, stiffness, and chemistry
can affect bacterial adhesion. The salivary pellicle
has an important role among bacteria and material
surface. Surface properties, saliva, and acquired
pellicle affect the bacterial adhesion strength, the
physicochemical and mechanical interactions
between cell wall components (e.g. adhesins)
and pellicle receptors. Streptococcus mutans
are regarded as the main offending bacteria
that have an important role in the first stage
of caries development because they promote
co-aggregation and colonization of cariogenic
bacteria in biofilms. Two major S. mutans virulence
factors are acidogenicity (ability to produce acid
via glycolysis) and aciduricity (ability to survive in
a low pH environment).12 Streptococcus mutans
adhesion to recast alloy may affect the alloy’s
properties. This study revealed that recasting
procedure with an addition of recast alloy less than
50% is still considered to have a good quality as
a prosthetic material but for the safety in patients,
further studies are needed to investigate the
virulence of S.mutans.
CONCLUSIONS
Cobalt chromium recast alloys have an effect on
the bacterial adhesion of S. mutans. An increased
proportion of CoCr recast alloys shows an increase
in S. mutans adhesion.
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