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Surface Roughness of Tooth Coloured Materials
after Streptococcus Mutans Culture
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Abstract—Surface texture of a dental material may cause non-
aesthetic appearance, secondary caries and periodontal problem.
Factors influencing surface roughness include the type of the
material, its filler, and exposure to bacterial accumulation. The
aim of this study was to investigate surface roughness of glass
ionomer cement (GIC) and resin composite (CR). A total of 112
specimens consisting of Fuji 11 LC (microfilled GIC), Ketac N100
(nanofilled GIC), Z250 (microfilled composite) and Z350
(nanofilled composite) were used. All specimens were packed in
acrylic mould, light cured for 40 s and polished with Sof-Lex
discs. The samples were divided into two groups of 7 and 24 hrs
(n=7). Ra values were assessed at baseline and after bacterial
colonization using Atomic Force Microscope (AFM, Ambios,
USA). The data was analyzed using SPSS version 20 and the level
of significance had been set at p < 0.05. After 7 hrs of
Streptococcus Mutans culture, only Fuji 1l LC showed a
significant change in the Ra with p value of 0.031. Furthermore,
Ra value of Fuji 1l LC was significantly different from the other
test materials with P=0.000. There was also a significant
difference in Z250 when compared to Ketac Nano.(Fuji I1>Ketac
Nano>Filtek Z250). After 24-hrs culture with Streptococcus
Mutans, all materials were significantly different P=0.000 from
each other, except between Z350 and Z250. (Fuji lI>Ketac
Nano>Filtek Z250=Filtek Z350). There was no significant
difference between 7 and 24 hrs in all tested materials. In
conclusion, in the early stages of bacterial growth; after 7 and 24
hrs culture with Streptococcus Mutans. the microfilled GIC
shows the highest surface roughness, followed by nanofilled GIC
and the resin composites.

Index Terms—bacterial accumulation, polishing, restorative
materials, surface roughness
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I. INTRODUCTION

SURFACE texture of a dental material has a major

influence on plaque accumulation, discoloration, and the
aesthetical appearance of the restorations [1]. One of the
determining factors for surface texture of a restorative material
is the size of filler particles. Nowadays, there are many types
of glass ionomers and resin composites available in the market
which are based on the filler sizes. There are macrofilled,
micronfilled, microhybrid and the recent technology is
nanofilled. Glass ionomers are usually used in high caries risk
patients due to their fluoride releasing property. However, one
of the drawbacks of conventional glass ionomers is their large
particle size, which contributes to the high surface roughness.
Currently, nanotechnology is used to provide some value
added features to glass ionomers. Nanofilled dental restorative
material can offer high translucency, high polish and retention
similar to those of microfills while maintaining physical
properties and wear resistance equivalent to several
commercial hybrid materials [2].

Another factor influencing the surface texture of a
restorative material is the accumulation of plaque on its
surface.  Streptococcus mutans are among the bacteria
consisting the dental biofilm. Their virulence is mainly due to
their high adhesion capability, acidogenicity and aciduric
properties, and these characteristics could be responsible for
surface damage to restorations [3]. The amount of biofilm
accumulation varies according to the particle size of fillers and
monomer components of the resin matrix [4]. It was proven
that the nanofilled composite cause reduction in the biofilm
formation [5]. In our previous study[6], it was also found that
biofilm thickness was higher in the microfilled GIC compared
to the microfilled resin composite after 24 hrs in vivo.
Although the GIC has fluoride releasing properties and anti-
bacterial effects, the authors suggested that its surface
characteristic plays a major important factor in determining its
plaque retentiveness in the early periods. Montanaro et al
(2004) also found GIC and ormocer group was highly
susceptible to bacterial adherence compared to resin composite
group [7]. They concluded that the release of fluoride from
some of the test surfaces did not appear capable to reduce
early bacterial adhesion.

In addition, Quirynen and Bollen, (1995) concluded both
surface free energy and surface roughness of intra-oral hard
surfaces have a major impact on the initial adhesion and the
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retention of oral microorganisms. However at supragingival
plaque the demand for smooth surfaces with a low surface-free
energy is required in order to minimise plaque formation.
Wettability of the material surfaces also plays a role in
microbial adhesion. Surfaces with high wettability or
hydrophilic surface tend to adhere more microorganism
compared to low wettability or hydrophobic surface [8].

Other factors such as incubation of bacteria and its duration
of incubation will also determine the surface roughness of the
material. The formation of biofilm is a complex process [7].
The mechanism of plaque accumulation is initiated from
adsorption of proteins and bacteria to form a film on the tooth
surface. There is the effect of van der Waals and electrostatic
forces between microbial surfaces and the film to create
reversible adhesion to the teeth. Next step of the process of
biofilm formation involves the adhesion of the microbial cells,
when bacteria begin to anchor to the surface [9]. Colonisation
of the cell-free layer by bacteria, particularly by S. sanguis and
S. mutans strains occurs within 24 hours, and plaque becomes
physically visible between 12-24 hours. Further processes
include the progressive build-up of plaque substance by
bacterial polysaccharides, and the proliferation of filamentous
and other bacteria as the plaque matures.

Studies on the surface roughness after bacterial
accumulation, in relation to the nanofilled glass ionomers are
still scarce. In our previous study [10], it was found that after
30 days of S. Mutans culture, Nanofilled glass-ionomer has
less surface roughness than microfilled glass-ionomer, and its
surface finish is similar to nanofilled composite. However, the
effect of the early stages of bacterial accumulation on the
surface roughness of the nanofilled glass ionomer is limited.
Therefore, this study was conducted to assess the surface
roughness of the nanofilled glass-ionomer cultured with
S.mutans biofilm for 7 and 24 hours.

Il. MATERIALS AND METHODS

A. Specimen Preparation

The materials used in this study are shown in Table 1.
Acrylic resin moulds with the internal diameter of 5 mm and a
thickness of 2 mm were used to prepare the specimens. The
mould was placed on a clean glass slab and the test materials
mixed according to manufacturer’s instruction and packed into
the mould, covered with a Mylar strip and pressed flat with a
microscopic glass slide. The disks were photo-polymerized
according to manufacturer’s instruction using Elipar™ Free
Light 2 (3M ESPE, USA) LED light curing unit, with a light
intensity of 1000 mW/cm2. Following light curing, the
specimens were placed into 37°C humidor for 24 hrs [11].

Fifty six similar disks, with 14 disks of each test material
were prepared for testing. Convenient random sampling was
used to divide the 56 disks of each test material into 2 groups
(n=7), according to the Streptococcus mutans incubation
period of either 7 hrs or 24 hrs. Sof-Lex™ disk (3M ESPE,
USA) coarse (55 pm), medium (40 pum), fine (24 pm), and
ultra fine (8 pwm) aluminium oxide were used to polish all
specimens using the same slow-speed handpiece at 10,000 rpm
[11]. The polishing procedure consisted of repetitive strokes

of ten seconds per step, to prevent heat buildup and formation
of grooves. A conscious effort was made to standardize the
strokes, downward force, and the number of strokes for each
polishing procedure.

Baseline surface roughness of the specimens was evaluated
using AFM (AMBIOS Technology Inc., USA). The
measurements were made in three different locations, and the
means of these measurements were considered as a surface
roughness of each sample. The specimens were sterilized with
70% Ethanol solution and distilled water, and then run through
with UV light for 30 min.

TABLE |
MATERIALS USED IN THE STUDY
Material Composition Manufacturer
Ketac™N100 HEMA, polyalkenoic 3M ESPE

acid

(Nano Light Curing
Glass lonomer
Restorative)

FAS,Nanomers, and
Nanoclusters.
(5-25nm)

Fuji II™ LC
(Resin Modified Glass
lonomer Restorative)

Powder: fluoro-
alumino-silicate glass
Liquid: polyacrylic

GC International

acid, HEMA,
dimethacrylate,
camphorquinone and
water.

(20-40 nm)

Filtek™ Z350 BIS-GMA, BIS-EMA,
UDMA, TEGDMA
Aaggregated
zirconia/silica cluster
filler

(5-20 nm)

3M ESPE

(Universal Restorative)

Filtek™ Z250 Particle sizeis0.01to  3M ESPE
3.5 microns
BIS-GMA, UDMA,

BIS-EMA

75

Stock of Streptococcus mutans was prepared in brain heart
infusion broth solution. Then, the broth were incubated with
temperature at 37°C for 48 hrs to increase population of
Streptococcus mutans. Then, 40 ml of broth solution was
placed in sterile containers using pipette. Specimens (type of
tooth coloured materials) were placed in the containers
containing broth solution, and incubated at 37°C for 7 hrs and
24 hrs depending on group.

After incubation the specimens were taken out from the
containers and dried. Images of the specimens were taken
using SEM. Then, the specimens were washed with 70%
Ethanol solution and distilled water, and dried. The reading of
surface roughness (Ra) for each specimen was taken again,
using AFM.
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I1l. RESULTS

Comparison of means and standard deviations the of Ra
values (nm) of the test materials at baseline, and after 7 hrs of
Streptococcus Mutans culture is shown in Table 2. Fuji Il LC
showed a significant change in the Ra value after being
cultured with Streptococcus Mutans for 7 hrs with p value of
0.031.

TABLE 2
COMPARISON OF MEAN (SD) OF RA VALUES (NM) OF TEST
MATERIALS AT BASELINE, AND AFTER 7 HOURS OF
STREPTOCOCCUS MUTANS CULTURE

TABLE 4
COMPARISON OF MEAN (SD) OF RA VALUES (NM) OF TEST
MATERIALS AT BASELINE, AND AFTER 24 HOURS OF
STREPTOCOCCUS MUTANS CULTURE

Materials Mean Ra Mean Ra P value
value(SD) at value(SD) after
baseline 24 hours
Filtek Z350 103.3(17.49) 106.41(11.88) 0.506
Filtek 2250 114.7(19.82) 110.5(15.95) 0.744
Fuji Il LC 237.5 (58.49) 260.5(20.19) 0.703
Ketac Nano 165.6(15.69) 175.6(27.87) 0.056

Materials Mean Ra value(SD) Mean Ra value(SD) P value
at baseline after 7 hours

Filtek Z350  77.2(8.65) 103.3(17.49) 0.406

Filtek Z250  86.6(8.36) 94.9(4.56) 0.620

Fuji Il LC 203.2(34.43) 209.5(40.31) 0.031*

Ketac Nano  132.2 (15.30) 134.4429 (12.49) 0.275

Paired T-Test, P<0.05 is significant*

Table 3 shows the means and standard deviations of the Ra
Values (nm) between the test materials after 7 hrs of S. Mutans
culture. The post-hoc Tukey test shows that there were
significant difference between Fuji Il LC when it was
compared to the other three materials with P=0.000. There
was also a significant difference in Z250 when compared to
Ketac Nano with P=0.018. Fig. 1 illustrates the morphology
of the test materials.

TABLE 3
COMPARISON OF MEAN (SD) RA VALUES (NM) BETWEEN THE
TEST MATERIALS AFTER 7 HOURS OF S. MUTANS CULTURE.

Paired T-Test P<0.05 is significant*

When the comparison was made after 24 hrs culture with
Streptococcus Mutans, all materials were significantly
different P=0.000 from each other, except between 2350 and
Z250 with P=0.979, as shown in Table 5 and Fig. 2.

TABLE 5
COMPARISON OF MEAN (SD) RA VALUES (NM) BETWEEN THE
TEST MATERIALS AFTER 24 HOURS OF S. MUTANS CULTURE.

Material Mean Ra (SD) P value
Filtek Z350 106.41(11.88) 0.000*
Filtek 250 110.5(15.95)
Fuji Il LC 260.5(20.19)
Ketac Nano 175.6(27.87)

Material Mean Ra (SD) P value
Filtek Z350 103.3(17.49) 0.000 *
Filtek 2250 94.9(4.56)

Fuji I LC 209.5(40.31)

Ketac Nano 134.4429 (12.49)

1-Way Anova, P< 0.05 is significant*
Post Hoc tukey: Comparison of Fuji Il LC with other materials P=0.000* ;
Filtek Z250 with Ketac Nano P= 0.018*

(a). Filtek Z350  (b). Filtek 2250  (c). Fuji Il LC

(d). Ketac N100

Fig. 1: (a, b, ¢, d): Surface morphology of the test materials after 7 hours
incubation with S. Mutans, viewed under SEM (1000X magnification).

However, after 24 hrs of culture with Streptococcus Mutans,
there were no significant changes in the Ra values of all tested
materials, as shown in Table 4.

1-Way Anova, P< 0.05 is significant*
Post Hoc tukey: All materials are significantly different P=0.000*; except
between Filtek Z350 and Filtek Z250 P=0.979

(a). Filtek Z350 (b). Filtek 2250 (c). Fuiji Il LC

(d). Ketac N100

Fig. 2: (a, b, c, d): Surface morphology of the test materials after 24 hours
incubation with S. Mutans, viewed under SEM (1000X magnification).

There was no significant difference in the Ra values of all
tested materials when the comparison was made between 7 hrs
and 24 hrs of culture with S. Mutans. (Table 6).

TABLE 6
COMPARISON OF MEAN (SD) OF RA VALUES (NM) OF TEST
MATERIALS BETWEEN 7 AND 24 HOURS OF STREPTOCOCCUS

MUTANS CULTURE

Materials Mean Ra Mean Ra P value

value(SD) after 7 value(SD) after 24

hours hours
Filtek Z350 103.3(17.49) 106.4(11.88) 0.506
Filtek Z250 94.9(4.56) 110.5(15.95) 0.212
Fuji Il LC 209.5(40.31) 260.5(20.19) 0.327
Ketac Nano 134.4(12.49) 175.6(27.87) 0.414

Paired T-Test
P<0.05 is significant*
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IV. DISCUSSION

There was a significant increase in the surface roughnesof
Fuji Il LC after 7 hrs of culture with S. Mutans. When the
comparison was made between test materials at 7 hrs, again,
Fuji Il LC showed the roughest surface compared to the other
materials. Our result is in agreement with Montanaro et al.
(2004) they concluded that the release of fluoride from some
of the test surfaces did not appear capable to reduce early
bacterial adhesion in GIC and ormocer [7]. After 7 hrs of
culture, the bacteria start to produce acid, which may soften
the surface of the GIC, and cause the plucking out effect of
Fuji 1l LC, which has larger filler, leaving its surface rougher.

Ketac N100 showed a higher surface roughness than Filtek
Z250 after 7 hrs of culture with S. Mutans. Even though Ketac
N100 contains nano particles, however, the resin composition
between the two materials are different, in which Ketac N100
only contains HEMA, thus the softening effect occurs more in
Ketac N100.

There was no change in the surface roughness in all test
materials when the comparison was made between baseline
and after 24 hrs of culture with S. Mutans. However, when the
comparison was made between the test materials at 24 hrs, Fuji
Il LC showed the highest surface roughness, followed by
Ketac N100. Filtek Z250 and Filtek Z350 both showed the
lowest surface roughness. This significance difference may
due to the fact that resin composite naturally has smooth
surface compared to GIC. Therefore, less bacterial
accumulation occurs in resin composite compared to GIC,
which contribute to the less surface roughness of CR. Einwag
et al. (1990) examined the influence of the surface roughness
of dental filling materials on plaque accumulation and found
that Streptococcus mutans adhered more frequently to rough
cements than to filling materials [12].

It is observed that the nanofilled GIC showed significantly
less surface roughness than microfilled type. Again, this may
be explained by the plucking out effect of Fuji Il LC, which
has larger filler, leaving its surface rougher.

There was no significant difference in the surface roughness
of all tested materials between 7 hrs and 24 hrs of bacterial
incubation. This result may be explained by the bacterial
growth curve theory. The curve consists of several phases
which are lag phase, log (exponential) phase, stationary phase
and death phase. The period between 7 hrs and 24 hrs may fall
in the stationary phase, in which the S. Mutans population did
not increase.

Our limitations of this study whereby all the procedures
were done in vitro which needs further observation for oral
simulating environment, such as using saliva for future study.

V. CONCLUSION

In conclusion, in the early stages of bacterial growth, after 7
and 24 hrs culture with Streptococcus Mutans. the microfilled
GIC shows the highest surface roughness, followed by
nanofilled GIC and the resin composites.

Significance of the study in assisting clinicians, it is
recommended that for patient with high risk of plaque
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accumulation to use resin composite followed by nanofilled
GIC, instead of using microfilled GIC as their first choice.
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