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Effect of S. mutans
biofilm on the hybrid
ceramic-resin cement
bond strength assessed
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Aim: The purpose of this study was to investigate the biofilm
effect on the hybrid ceramic-resin cement bond strength (BS)
by comparing two methods. Methods: Teeth were distributed
into groups (n=5), according to the resin cement (Maxcem
Elite-(MC) or NX3 Nexus-(NX)) and degradation method
(24h or 7 days in distilled water; 7 or 30 days incubated with
biofilm and 30 days in sterile media). Treated surfaces of Vita
Enamic blocks (5x6x7mm) were luted to treated or no treated
dentin surfaces and light-cured. After 24h, beams were
obtained (1x1x10mm) and stored accordingly. The flexural
bond strength (FBS) was assessed by four-point bending
test. Additional beams were obtained from new teeth (n=5),
stored for 24h or 7 days in distilled water, and submitted to
a microtensile bond strength (UTBS) assay. Failure modes
were determined by scanning electron microscopy (100X).
The flexure strength of the cements (n=10) was assessed
by a four-point bending test. Data were analyzed by 1 and
2-ways ANOVA, and Tukey's test (a=0.05). Results: There was
no significant difference between the degradation methods
for the FBS groups. For the uTBS, the significant difference
was as follows: NX 7days > NX 24h > MC 7days = MC 24h.
Failure mode was mainly adhesive and mixed, but with an
increase of cohesive within cement and pre-failures for the
MC groups assessed by uTBS. NX had better performance
than MC, regardless of the method. Conclusions: The biofilm
had no effect on the materials BS and FBS test was a useful
method to evaluate BS of materials with poor performance.

Keywords: Biofilms. Resin cements. Dental bonding. Tensile
strength.
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Introduction

Success of indirect restorations depends on a combination of several factors, such
as aesthetics, occlusal balance and long-term bond stability between substrate,
adhesive layer and restorative material'. In the challenging oral environment, den-
tal materials are subjected to biodegradation, which is caused by the deleterious
effect of oral biofilm on their structure and properties. Bacterial acids can promote
an increase in surface roughness, matrix and interfacial softening, decrease in sur-
face hardness and chemical degradation of the hybrid layer, directly affecting the
bond strength of indirect restorations and promoting the loss of cervical sealing®®.
To date, few authors* have evaluated the effect of actual biofilm growth on the bond
strength of restorative materials to dentin.

Vita Enamic (Vita Zahnfabrik, BS, Germany) is a hybrid CAD-CAM material, composed
by feldsphatic ceramic (75 wt%) and a dimethacrylate polymer network (25wt%)°.
CAD-CAM materials are preferably adhesively cemented in order to promote better
bond stability, and conventional resin cements with dental adhesives are typically
used. However, in an attempt to diminish the technique sensitivity of the process,
self-adhesive luting agents can be used to eliminate the need for treating the surface
of the teeth with an adhesive before applying the cement’®". While the resin cements
and ceramics have different resistance to biodegradation, the bond strength of hybrid
materials to conventional and self-adhesive resin cements when subjected to the
action of a growing biofilm is yet to be determined.

Bond strength can be assessed by different methods, with microtensile bond
strength (uTBS) being the most popular test used in the literature®'2'3, If performed
correctly, it produces a uniform interfacial stress distribution, resulting in reliable
outcomes™. Despite its popularity, it is a time-consuming and highly technique-sen-
sitive assay'?. The mounting of specimens to the proper jig can lead to premature
stress, resulting in many pre-test failures and data with high standard deviation,
especially for materials with low bond strength values' . Flexure bond strength
assessed by a four-point bending test (FBS) has been shown to be a promising
method to evaluate the bonding performance of materials'"®. Four-point bending
geometry concentrates the maximum tensile stress on the convex surface (bot-
tom), removing the stress concentration at the surface of the interface, which is
claimed to be more clinically relevant than the direct tension test' 5. Also, the easy
placement of samples on the four-point bending device leads to a less technique
sensitive assay. However, there is still a lack of evidence regarding the reliability of
such results, raising the importance of studies comparing FBS to other well-stab-
lished bonding methods, such as the microtensile test.

Therefore, the aims of this study were to evaluate the effect of a growing S. mutans
biofilm on the bond strength of a hybrid CAD-CAM material to two different lut-
ing agents and to compare the bonding performance by two assays: flexure and
microtensile bond strength. The hypotheses of this research were: (1) the biofilm
will negatively affect the bond strength, and (2) both bond strength methods will
provide similar outcomes.
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Methods and Materials

Specimen preparation

Fifty caries-free human third molars were stored in an aqueous solution of 0.5%
chloramine-T for 7 days and stored in distilled water until use. Before extraction,
patients had been informed about the use of the teeth for research purposes, and
verbal consent had been obtained. Deep dentin was exposed by removing the occlu-
sal enamel with a low speed, water-cooled diamond saw (IsoMet 1000 Precision Saw,
Buehler, IL, USA). Dentin surfaces were abraded on #600 silicon carbide paper for
30s to create a standardized smear layer, and then ultrasonically cleaned in water
for 5 min. Teeth were then randomly distributed into ten groups (n=5), according
to the luting agent (Maxcem Elite or NX3 Nexus, Kerr, CA, USA) and the storage
condition (Table 1).

Table 1. Group distribution (n=5).

Storage Condition/ Resin cement NX3 Nexus (NX) Maxcem Elite (MC)
24hrs in distilled water NXc MCc

7 days in distilled water NX7w MC7w

7 days with biofilm NX7b MC7b

30 days in sterile media NX30m MC30m

30 days with biofilm NX30b NX30b

Dentin surfaces were treated according to the resin cement group. For the self-ad-
hesive cement (MC), no further surface preparation was performed. For the conven-
tional luting agent (NX), surfaces were etched for 15s with a 37.5% phosphoric acid
gel (Gel Etchant, Kerr, CA, USA) and then rinsed abundantly with water. After removing
excess moisture with an absorbent paper, leaving a glistening surface, an etch-and-
rinse adhesive system (Optibond S, Kerr, CA, USA) was actively applied by means of
a microbrush for 15 s, gently air-dried for 3 s at a standardized distance of 5 cm and
light-cured for 20s, using a curing unit (Elipar S10, 3M ESPE, MN, USA), with an output
of at 900 mW/cm? monitored with a radiometer (SDS KERR Model 100, Optilux Radi-
ometer, Kerr, CA, USA). The light-curing unit tip (9.8mm of diameter) was at standard-
ized distance of 5 mm from the dentin surface.

Rectangle-shaped hybrid ceramic (Vita Enamic, Vita Zahnfabrik, BS, Germany) spec-
imens (5 x 6 x 7 mm) were prepared cut from standard blocks with a diamond saw.
The bonding surface of each specimen was then etched with a 5% hydrofluoric acid
(Vita Ceramics Etch, Vita Zahnfabrik, BS, Germany) for 60 s and rinsed ultrasonically
with distilled water for 5 min. The surfaces were then air-dried, and one layer of a
silane primer (RelyX Ceramic Primer, 3M ESPE, MN, USA) was applied for 20 s and
then allowed to dry for 30 s.

Each luting agent was prepared by aid of auto-mixing dispenser provided by the man-
ufacturer and applied on the treated hybrid ceramic surface by the same mixing tips.
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The rectangular specimen was then placed on the dentin surface with a constant
pressure of 100g to standardize the thickness of the cement layer (~130 um). After
gently removing the excess cement with a microbrush, the complex was light-cured
for 10 s at 900 mW/cm? from two opposite sides at a 90° angle with the edge of the
light guide resting on the dentin surface. The specimens were then stored in distilled
water at 37°C for 24hrs. The specimens were then cut into beams (1 X 1 X 10 mm)
with the bonded interface in the middle using a low-speed, water-cooled diamond
saw at 300 rpm. The cross-sectional area of each stick was measured for subsequent
calculation of the bond strength.

Degradation methods

The bonded sticks originating from the same teeth were then assigned to each
group, according to the degradation method: 1 or 7 days in distilled water at 37°C;
30 days storage in sterile Todd-Hewitt (TH) media (Thermo Fisher Scientific, MA,
USA), changed each 4 days, and 7 or 30 days co-incubated with an inoculate of
IDH-RenG luciferase reporter strain Streptococcus mutans grown as a biofiim’e.

For the samples tested with living biofilm, an overnight culture of S. mutans was
added in fresh sterile TH media, and the optical density was set at 0.8 at 600 nm
(OD600). This particular strain of S. mutans is genetically modified to result in a bio-
luminescent phenotype, able to provide quantitate data regarding cell viability under
light emission conditions’®.

After the beams were sterilized by storage in 70% ethanol for 5 min and rinsed with
autoclaved water, they were placed in a sterile 24-well plate along with 0.5 ml of the
bacterial suspension. To encourage biofilm formation, 1% of a 40% sucrose solu-
tion was also added. The specimens were then incubated at 37°C in 5% CO, for 7 or
30 days. Bacterial growth medium was refreshed every day without disturbing the
formed biofilm.

After the incubation period, a luciferase assay was performed to assess the viability
of the bacteria in the biofilm, essentially as previously described’®. Briefly, samples
were moved carefully with the aid of sterile tweezers and placed into a luminescence
24-well plate and incubated with fresh media for 1 hr at 37°C in 5% CO2. After, light
emission from growing bacteria cells was measured by adding 5 pl of a substrate
solution (1 mM d-luciferin in 0.1 M sodium citrate buffer [pH 5.0]) to each well. The
plate was immediately placed in an optical plate reader (Glomax Discover Multimode
Microplate Reader, Promega, Madison, WI, USA) and light emission recorded, repre-
senting the quantity of viable S. mutans cells.

Four-point bending assay

To determine the flexural bond strength (FBS) after the various degradation methods,
beams were washed in tap water for 5 min, carefully dried and subjected to a four-
point bending test. The 10 mm beams were fixed between the four supports with the
bonded interface centered within the inner rollers and loaded until fracture using a uni-
versal testing machine (Q-test, MTS, Eden Prairie, WI, USA) at T mm/min crosshead
speed'”® (Figure 1).
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Figure1. Example of a beam accordingly positioned between the supports for the flexural bond
strength assay.

The FBS (MPa) was calculated using the following equation:

O9xFxL

FBS= ———
8xWxT?

where F (N) was the load at fracture, L the support span (8.48mm), W and T the spec-
imen width and thickness, respectively.

Microtensile bond strength

The enamel crown of an additional twenty caries-free human third molars was
removed to expose dentin by cutting with the diamond saw. These teeth were ran-
domly distributed into four groups (n=3), according to the storage period (24 hrs or
7 days at 37°C) and luting agent (Maxcem Elite and NX3 Nexus). Specimen prepara-
tion was performed in the same way as previously described for the FBS. There were
many pretest failures for Maxcem specimens (more than 50% of the sticks for the
24 h specimens and about 40% for the 7 days specimens), but essentially no pre-test
failures for Nexus. Though more teeth were prepared, only teeth in which at least three
sticks could be tested were included in the analysis, leaving n=3 for all four groups™.

After the respective storage periods, each ceramic-dentin stick was removed from the
solution and gently dried. They were attached to a microtensile testing device (Odeme
Dental Research, Luzerna, SC, Brazil) using cyanoacrylate adhesive and subjected to a
tensile force in the universal testing machine at 1 mm/min cross-head speed.

Failure mode

Bond test samples were mounted on metallic stubs, coated with 60% gold:palladium
in a sputter coater (Anatech,Hayward, CA, USA) and observed under a scanning elec-

Braz J Oral Sci. 2023;22:€239389 5



Mushashe et al.

tron microscope (SEM) (Quanta 200 SEM, FEI company, OR, USA), at magnification
x100, in order determine the failure modes.

Flexural strength of the cements

The flexural strength of the luting agents was assessed using the four-point bend-
ing test. To prepare these specimens, 1 X 1 X 10 mm polyvinylsiloxane molds were
filled with each cement (n=10), sandwiched between glass slides and light-cured at
900 mW/cm? for 10s on each side (2 exposures of 5 s each to cover the entire sur-
face). After polishing the samples to remove any excess, they were stored in distilled
water at 37°C for 24h. The specimens were gently dried and mounted in the four-point
bending device to measure the flexural strength, using the same conditions previously
described for the FBS test.

Statistical analysis

The data from the FBS test and the uTBS were analyzed by 2-way ANOVA, followed by
Tukey's multiple comparison test (a = 0.05). Regression analysis was used to correlate
the results from both tests. Comparison of the flexure strength of the two cements
was test done with a student’s t-test (a = 0.05).

Results

Flexural bond strength

Mean and standard deviation (SD) values for the FBS are presented in Figure 2.

Flexural Bond Strength

50

40 -

30 -

20 —

Sy i
N I

Cc MC7w MC7b MC30m MC30b NXc NX7w NX7b NX30m NX30b

MPa

Figure 2. Flexural bond strength (MPa) of the different groups after the degradation methods (mean *
sd). Bars with dissimilar letters indicate values that are significantly different from each other (p <0.05).

Analysis of variance showed a significant difference among the cements, with the
FBS of NX being higher for all conditions than MC (p<0.001). Because there was no
significant difference between the degradation methods and no interaction effect,,
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individual one-way ANOVAs were run for the two cements. No significant differences
between the aging conditions was shown for either cement.

The failure modes were classified as adhesive, cohesive within cement, cohesive
within dentin and mixed (Figure 3). The failure modes of the different groups are
presented in Figure 4.

Figure 3. Examples of the failure modes assessed by SEM (x100): (A) Adhesive; (B) Cohesive within cement;
(C) Cohesive within dentin and (D) Mixed.

FBS Failure Mode

NX 30b
MC 30b
NX 30m
MC 30m
NX 7b
MC 7b
NX 7w
MC 7w
NX ¢
MC ¢

0% 20% 40% 60% 80% 100%
B Mixed W Cohesive ondentin @ Cohesive on cement B Adhesive W Pre failure

Figure 4. Failure mode assessed by SEM (x100) after four-point bending assay.
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For all the groups, there was a predominance of mixed and adhesive failures. Pre-test
failures only occurred for the MC cement stored in water for 24 h and 7 days and
co-incubated with bacteria for 7 days. The viability of biofilm of the samples
co-incubated with S mutans were assessed by a luciferase assay. The biofilm was
considered viable, without significant difference between the groups (p > 0.05).

Microtensile bond strength

Mean and standard deviation (SD) values for the microtensile bond strength (MPa) of
the different groups are presented in Figure 5.

uTBS

50 — a
45 —
40 —
35
30 —
25 —
20 —
15 —
10 — d
1
0

MC 24h NX 24h MC 7d NX 7d

MPa

Figure 5. Microtensile bond strength (MPa) of the different groups after the degradation methods (mean
+ sd). Bars with dissimilar letters indicate values that are significantly different from each other (p <0.05)

Regardless of the storage period, NX presented higher values than MC. Also, the val-
ues at 7 days were greater than those at 24 hours for both cements. The failure mode
of the different groups is presented in Figure 6.
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UTBS Failure Mode

NX 7days
MC 7days
NX 24h
MC 24h

0% 20% 40% 60% 80% 100%

W Mixed W Cohesive on dentin @ Cohesive on cement W Adhesive B Pre failure

Figure 6. Failure mode assessed by SEM (x100) after uTBS assay.

For the NX groups, there was a predominance of mixed and adhesive failures. For the
MC groups, more cohesive within cement and pre-test failures were observed.

Flexural strength of the cements

Mean and standard deviation (SD) values for flexural strength of both cements (MPa)
after 24 h in distilled water at 37°C are presented in Figure 7.

Flexural Strength

80 —
70 —
60 —
50 —
40 —
30 —
20 —
10

MPa

MC NX

Figure 7. Flexure strength of cements (MPa) after 24 h in water (mean t sd; n=9). The FS for NX was
significantly higher than for MC (p <0.001).

Comparison between bond strength methods

A regression plot between the FBS and uTBS results for both cements at 24 h and 7
days in distilled water at 37°C is represented in Figure 8.
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Comparison of FB and MTBS for MC and NX cements

60
NX 24h
50 -
40 e hd
_ NX 7D
©
D_ -
2 30
m -
o -
MC24h| -t
20 O——=—
o y=0.9308x +10.316
10 R=06479  —
MC 7D
0
0 5 10 15 20 25 30 35 40 45
MTBS (MPa)

Figure 8. Correlation between FBS and uTBS assays (R?= 0.664).

For the 1-week period, both test methods gave similar values. At 24h, FBS values were
higher (~50%) than uTBS values for both cements.

Discussion

The bond strength stability of the restorative material-cement-dentin interface is a key
factor in the success of indirect restorations. The aim of this study was to investigate
the effect of different degradation methods on the hybrid ceramic-resin cement flex-
ure bond strength, and to compare the results from the flexure bond strength to the
more common microtensile bond strength test for the two cements.

Viable oral biofilms produce significant concentration of acids, mainly propionic,
acetic and lactic®®. The hydroxyl and carboxyl functional groups of these acids
can establish a high level of hydrogen bonds with the polar sites of the methacry-
late monomers present in the adhesive and cement, increasing the acid uptake by
the polymeric phase of the hybrid layer. Synergistically, these entrapped acid mol-
ecules can reduce the local pH, favoring the hydrolysis of ester groups and leading
to the degradation of the hybrid layer that results in a reduction in the interfacial
bond strength?321.22,

Amaral et al.2(2015) showed evidence for decreased bond strength values for resin
composites bonded to bovine teeth after storage in lactic and propionic acids. Simi-
lar results were found by Reis et al.? (2015), showing approximately a 33% decrease
of the resin composite-human dentin bond strength after storage in acetic acid for
1 week and propionic acid for T month. In contrast, the present study showed no sig-
nificant difference between the degradation methods when samples were assessed
by a four-point bending test (Fig. 2), rejecting the first hypothesis. Actual biofilms
may produce cariogenic acids at a slow rate and these may have accumulated at
a lower concentration than those utilized in the studies that tested the direct effect
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of the acids on the bonded interface, thus explaining the different outcomes. Within
the limitations of in vitro studies, incubation of restorative materials with cariogenic
bacteria may be considered more clinically relevant in comparison with chemical
degradation alone (e.g. storage in cariogenic solution), since more variables, such
as bacterial metabolism and biofilm structure, are simulated.

Another hypothesis for the lack of difference between the degradation methods,
especially for those stored for 30 days, may be related to the time frame. One of the
major causes for decrease of bond strength is the degradation produced by water
sorption®'¥14 In an aqueous environment, the plasticization of the resin matrix®
and the hydrolysis of the unprotected collagen fibrils by host-derived proteases®®
can promote the collapse of the hybrid layer. This hydrolytic degradation, however,
is time-dependent. Several studies showed that hydrolytic bonding degradation
occurs only after 6 months of water storage'?'2425 Therefore, the period of time
chosen for this study may have not been sufficient to produce significant degrada-
tion of the adhesive interface.

For the puTBS, samples stored for 7 days had higher bond strength results than
those tested after 24h (Fig. 4). Both luting agents used in this study were dual-cured,
achieving an adequate degree of cure by the synergistic effect of light exposure and
a redox initiator for the free radical formation. While the immediate photo-activation
will guarantee an initial mechanical stability, enhanced properties will be obtained
after the chemical curing reaction occurs?. Although authors claimed that most of
the curing occurs within 24 h%, a residual setting may still occur after this period,
explaining the better bonding performance after 7 days. Also, in the short-term, the
presence of an aqueous environment can increase the bond strength by forming
hydrogen bonds between the polar components in the resin with water'328,

Regardless of the bond strength testing method, the NX cement presented better
bonding performance as compared with the MC (Figs. 2 and 4). Others have shown
that self-adhesive luting agents have lower bond strengths to dentin than conventional
resin cements that are used in conjunction with a dentin adhesive'®'2%3! Character-
istics such as low etching potential of the functional acid monomers of the self-adhe-
sive cements and their high viscosity promote only partial or no modification of the
smear layer, resulting in a weaker hybrid layer in comparison with conventional resin
cements when used with their associated primer and etchants?43233,

Maxcem also presented poorer mechanical properties than Nexus, as shown by the
comparison of their flexural strengths (Fig.4). The lower values for MC are consis-
tent with the literature. Fuirichi et al.®*(2016) showed that MC, when compared with
other self-adhesive and conventional resin cements, had presented the lowest flexural
strength. Although the mechanical properties of self-adhesive cements are materi-
al-dependent, it has been shown that some self-adhesive luting agents tend to pres-
ent poorer mechanical behavior due to specific factors: incompatibility between the
acidic functional monomers and the others resinous components®, reduced degree
of conversion®*2® resin matrix hydrophilicity and unprotected surfaces on filler parti-
cles®, these latter may be responsible for a higher susceptibility to wear. The poorer
mechanical properties of MC can be also observed in this study in the failure mode
analysis after the pTBS test (Fig.5). For both storage periods, MC presented a higher
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percentage of ‘cohesive within the cement’ failure, indicating that the weaker cement
failed before the interface failed.

A direct comparison between pTBS and FBS is somewhat dubious considering the
different types of forces and dynamics acting in each test. During the assay, uTBS
specimens are subjected exclusively to tensile forces distributed over a well-defined
bonding area. In contrast, during the four-point bending test, a mixture of tensile
(bottom) and compression (top) forces are produced in the area within the supports
spans'®'s. Another difference that may complicate the comparison concerns sample
preparation. For most FBS studies, beams of each of the substrates are produced
separately and are then bonded to each other with the cement materials, which likely
incorporates more variables and less sample standardization'"®. In the present study,
specimen preparation was performed identically for both test methods, thus elim-
inating variables such as irregular beam cutting and luting procedures, making the
comparison between methods potentially more accurate.

The major difference between both tests pertains to the sample mounting before the
actual test. For the pTBS, the beams must be glued to a jig prior to the test, which,
besides being time-consuming, may lead to premature stress on the beams'. This
is especially critical for materials with poor bonding performance, such as aged
specimens and the self-adhesive cement tested in this study. In contrast, FBS sam-
ples must only be aligned horizontally within the supports, reducing any exces-
sive manipulation of the beams™% as shown in the analysis of the failure mode
assessed after each experiment (Figs. 3 and 5). The uTBS specimens presented
more pre-test failures than the FBS specimens, many of which occurred while
mounting the specimen to the testing jig. This was especially critical for the MC
24h group. This corroborates the results presented by this material on the assays
performed, demonstrating that its poorer mechanical and adhesion properties can
influence its performance during the microtensile bond strength test.

For the samples tested after 7 days, the number of pre-test failures decreased, which
correlated with the increase of the bond strength that likely occurred due to the com-
pletion of cure and maturation of the bond.

The sensitivity of the uTBS method can also be observed on the correlation plot
between the assays (Fig.7). When tested at 24 hours, specimens in the FBS test pro-
duced higher values than those from the pTBS test. However, at 7 days, the two meth-
ods gave essentially identical results. As mentioned, at 24h, the polymerization of
the cements may not have been completed, resulting in specimens that were more
sensitive to the application of manipulation stresses, e.g. to possible shear forces
induced during uTBS assembling. Nevertheless, it was possible to observe that both
assays presented a similar trend between the different materials and storage periods,
validating the second hypothesis.

Considering a restoration loaded/cemented interface in tension, the microtensile
bond strength provides a closer representation of what is occurring at the adhesive
interface than the four-point bending'®. Additionally, few data are available regarding
this test in comparison with the abundant evidence related to pTBS, the latter being
considered the gold-standard test method. On the other hand, the ease of performing
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the FBS, the lower sensitivity of the FBS technique, and the ability to determine the dif-
ferent trends between the materials, as shown by this study, makes the FBS a useful
method to determine bond strengths of dental interfaces.

Regarding the effect of the biofilm on the bond strength of the interface of the materi-
als tested, the limitations of this study were related to the limited verosimilarity condi-
tions that an in vitro design promotes. Further studies, including in situ analysis should
be performed, in order to assess the alternations of pH, bacterial flora, temperature,
salivary flow, etc, that occur on the oral cavity.

Furthermore, additional analyses including a wider range of resin cements and
hybrid/ceramic materials may provide more consistent information regarding the
comparison of different bond strength methods.

In conclusion, within the limitations of this study, it can be concluded that biofilm
exposure did not affect the hybrid ceramic-resin cement flexural bond strength. Both
bond strength methods provided similar outcomes, stating that NX presented higher
bond strength than MC for both storage periods. Therefore, FBS was a useful method
to compare different materials, especially for those with low mechanical properties
which are more sensitive to pre-test manipulation.
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