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Purpose: The aim of this in vitro study was to evaluate the influence of preapplication of 2% chlorhexidine gluco-
nate on the immediate microtensile bond strength of a universal adhesive system on dentine subjected to different
bonding protocols.

Materials and Methods: Twenty human molars were used in this study, and the tooth surface was abraded to ex-
pose the dentine. The teeth were randomly divided into four groups according to the surface treatment (n = 5):
SBU group: Single Bond Universal without acid etching; SBUPA group: 37% phosphoric acid + Single Bond Univer-
sal; SBUCG group: 2% chlorhexidine gluconate + Single Bond Universal; and SBUPACG group: 37% phosphoric acid
+ 2% chlorhexidine gluconate + Single Bond Universal. The microtensile bond strengths were measured using a mi-
crotensile tester 24 h after bonding. The bond strength data were subjected to analysis of variance (ANOVA) and
Sheffé’s least statistically significant difference test (a = 0.05).

Results: No statistically significant differences between the analysed groups were observed (p > 0.05). However,
conditioning with phosphoric acid without the action of the chlorhexidine gluconate group resulted in higher numeri-
cal values of bond strengths than that for the chlorhexidine gluconate without the acid conditioning group.

Conclusion: The preapplication of 2% chlorhexidine gluconate did not reduce the immediate bond strength of the

Single Bond Universal adhesive system under different bonding protocols.

Key words: adhesives, dentine, microscopy electron scanning, resin composites, tensile strength

Oral Health Prev Dent 2020; 18: 71-76.
doi: 10.3290/j.0hpd.a43934

a PhD student, Department of Dental Materials and Prosthodontics, Aracatuba
School of Dentistry, Sdo Paulo State University - UNESP, Aracatuba, SP, Bra-
zil. Performed the experiments for the study; wrote the manuscript.

b phD student, Department of Dental Materials and Prosthodontics, Aracatuba
School of Dentistry, Sdo Paulo State University - UNESP, Aracatuba, SP, Brazil.
Performed the experiments for the study; wrote and proofread the manuscript.

¢ Professor, Department of Restorative Dentistry, Faculty of Dentistry, Federal
University of Minas Gerais - UFMG, Belo Horizonte, MG, Brazil. Contributed to
the idea, hypothesis and experimental design of the study.

d Associate Professor, Department of Restorative Dentistry, Aracatuba School of
Dentistry, Sdo Paulo State University - UNESP, Aracatuba, SP, Brazil. Contrib-
uted to the idea, hypothesis and experimental design of the study.

€ Associate Professor, Department of Dental Materials and Prosthodontics, Ara-
catuba School of Dentistry, Sdo Paulo State University - UNESP, Aracatuba,
SP, Brazil. Contributed to the idea, hypothesis and experimental design of the
study; performed the statistical analysis; wrote and proofread the manuscript.

Correspondence: Paulo Henrique dos Santos, Aracatuba School of Dentistry
(UNESP), Rua José Bonifacio, 1193, 16015050 Aracatuba, SP, Brazil. Tel:
+551836362802; Fax: +551836363245; E-mail: paulosantos@foa.unesp.br

Vol 18, No 1, 2020

Submitted for publication: 14.02.2019; accepted for publication: 13.03.2019

he bond stability of the adhesives on dentine substrates

is fundamental to ensure the success of oral rehabilita-
tion. Despite the significant advances made in this field,
the longevity of the bonding between adhesive systems and
dentine substrates remains unsatisfactory. The factors in-
fluencing the bonding quality include the composition of the
adhesive system, its structural and morphological features,
as well as the composition of the dentine substrate.18 In
addition, collagen has fundamental importance in determin-
ing the longevity of adhesives,11 since the demineralisation
of dentine is necessary for the formation of a hybrid layer
exposing the collagen fibre network.13.31

Conventional adhesive systems use phosphoric acid to
condition dentine, but these adhesives also promote a wide
range of collagen fibre exposure, which may exceed the in-
filtration capacity of the adhesive systems.”.14.17 Self-etch-
ing adhesive systems have been introduced in dentistry,13
and recently, universal adhesive systems were introduced
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Table 1 Trademark, classification and composition of materials used in this study

Material Classification

Composition

Single Bond Universal
(3M Oral Care)

Adhesive system

MDR Bis-GMA, HEMA, photoinitiators,
dimethacrylate, water, ethanol, silane

Filtek Z250 XT
(3M Oral Care)

Resin
composite

Inorganic fillers (60%), Bis-GMA, UDMA,
Bis-EMA, zirconia/silica nanofillers

MDP, 10-Methacryloyloxydecyl dihydrogen phosphate; Bis-GMA, bisphenol-A diglycidyl ether dimethacrylate; HEMA, 2-hydroxyethyl methacrylate;
UDMA, urethane dimethacrylate; Bis-EMA, ethoxylated bisphenol-A glycol dimethacrylate.

to minimise the required clinical steps. According to the
manufacturer, these adhesives can adhere to the dental
tissue by acid etching and self-etching techniques,? through
the acidic monomers present in them, and simultaneously
infiltrate the collagen network.8

The collagen network that is not involved by the adhesive
system is susceptible to hydrolytic degradation and the ac-
tion of collagenolytic enzymes and MMPs (metalloprote-
ases).”.23 The degradation process of collagen fibres
causes restoration infiltration, secondary caries and sensi-
tive teeth, causing the failure and poor longevity of the re-
storative procedure.3:19 To control the effects of the incom-
plete involvement of collagen fibrils by the adhesive
system, MMPs inhibitors are commonly used as well as the
chlorhexidine,25:30 once the inhibitor application on dentine
surface after acid etching could result in improvement of
the integrity and stability of the tooth restoration.5:12

However, data on the efficiency of these universal adhe-
sive systems associated with MMP inhibitors in the bond
strength of the restorative procedures are scarce in the lit-
erature. Therefore, the purpose of this study was to evalu-
ate the influence of the preapplication of 2% chlorhexidine
gluconate on the immediate bond strength of a universal
adhesive system with dentine subjected to different bond-
ing protocols 24 h after bonding. The null hypothesis tested
was that the preapplication of chlorhexidine gluconate
would not cause changes in the immediate bond strength of
the universal adhesive system with dentine, regardless of
the adhesive protocol adopted.

MATERIALS AND METHODS

Specimen Treatment

The materials used in this study are listed in Table 1. The
study was approved by the local Research and Ethics Com-
mittee. A total of 20 human molars from different individu-
als, extracted for orthodontic or periodontal reasons, were
used in this study. All the teeth that exhibited fractures,
cracks or clinical signs of caries were excluded.

The occlusal surfaces of all the teeth were ground flat
with #180, #320, and #600 grit silicon carbide abrasive
papers (Extec, Enfield, CT, USA) under running water in an
automatic polishing machine (APL-4; Arotec, Sao Paulo, SP,
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Brazil) to remove the enamel and expose the flat dentine
surface (Fig 1a). The teeth were randomly distributed into
four groups (n = 5)10.27 according to the surface treatments
described next.

In the SBU group, the Single Bond Universal adhesive
system (3M Oral Care, St. Paul, MN, USA) was actively ap-
plied on the dentine surfaces for 20 s without previous acid
etching and followed by air jet for 5 s and photoactivation
for 20 s with an Ultraled light-curing unit (Dabi Atlant, Ri-
beirao Preto, SP, Brazil). Increments of 2 mm thickness of
the Filtek Z250 XT resin composite (3M Oral Care) were
applied on the dentine surface and light-cured for 20 s until
a 6 mm resin block was obtained (Fig 1b).

In the SBUPA group, the teeth were etched with 37%
phosphoric acid (3M Oral Care) for 15 s, washed and dried
with paper towels without dehydrating the dentine. Subse-
quently, the same restorative procedure as that reported for
the above group was performed.

The dentine surface of the SBUCG group received the
same treatment as that of the SBU group, but the dentine
was preconditioned with 0.5 ml of 2% chlorhexidine gluco-
nate (Aphoticario, Aracatuba, SP, Brazil) actively applied in
the dentine using a microbrush for 60 s. The excess solu-
tion was removed using paper towels.

In the SBUPACG group, the dentine surface was condi-
tioned with 2% chlorhexidine gluconate after being acid-
etched with 37% phosphoric acid and before applying the
adhesive system.

After the bonding process, all the teeth were stored in
distilled water at 37°C for 24 h (Fig 1c). After this period,
the teeth were sectioned perpendicular to the adhesive-
tooth interface with a low-speed diamond saw (Isomet
1000, Buehler, Lake Bluff, IL, USA) under water cooling to
obtain beams with an adhesive area of approximately
1.0 mm?2 (Fig 1d).29 It was stipulated that six beams from
the middle region for each specimen would be obtained,
totalling 30 beams for each experimental group.

Microtensile Bond Strength Analysis

The ends of the stick-like specimens were fixed with a cyano-
acrylate adhesive (Super Bonder gel; Henkel Corp, Rocky Hill,
CT, USA) to a metallic testing apparatus and individually sub-
jected to microtensile testing using an OM100 machine (Lu-
zerna, SC, Brazil). The machine was operated at a crosshead

Oral Health & Preventive Dentistry



Lopes Fernandes et al

Resin block of Filtek
7250 XT

Tooth a b
Distilled Water
37°C Stored for 24
(,\ Hours Beams 1.0 mm?2
et - ' — l’ l\ i ' l

c After 24 Hours d

Fig 1 Experimental specimen preparation. (a) Occlusal surfaces of the teeth were ground flat to expose dentine.
(b) Bonding process involving the Filtek Z250 XT resin composite. (c) The teeth were stored for 24 h in distilled
water at 37 °C. (d) Specimens were sectioned perpendicularly to the adhesive interface to produce beams with an
adhesive area of approximately 1.0 mm?2 for microtensile bond strength testing.

speed of 0.5 mm/min to evaluate the microtensile bond
strength values (MPa) according to the following formula20:

RU = F/A, where Ru is the bond strength, F the maxi-
mum force, and A the area of the adhesive interface (mm?2).
The beams that suffered premature loss were assigned a
value of zero for the bond strength.

Representative samples of the experimental groups were
coated with gold (BAL-TEC SCD 050; Balzers, Balzers,
Liechtenstein) and analysed using a scanning electron mi-
croscope (SEM-JSM5600LV; JEOL, Tokyo, Japan) to charac-
terise the surfaces subjected to the different bonding proto-
cols.15 The bond strength data were subjected to ANOVA
and Sheffé’s least statistically significant difference tests
(a0 = 0.05).

RESULTS

The results of the ANOVA test for the bond strength values
indicated no statistically significant differences among all
the analysed groups (p = 0.3678, Table 2). Despite the
non-statistically significant difference, the SBUPA group
showed higher bond strength values compared to those of
the SBUCG group, which showed the highest number of
beams premature loss (Table 3).
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DISCUSSION

Universal adhesive systems can be used with or without
previous acid etching, and with wet or dry dentine, depend-
ing on the restorative technique and dentine substrate.21
Chlorhexidine has been widely used in dentistry because of
its antimicrobial properties, substantivity and effect on the
adhesive interface longevity.1.2 Chlorhexidine has been
shown to maintain the quality of the dentine substrate by
inhibiting the collagenolytic activity of the MMPs in the hy-
brid layer.4 The results presented here show that the
chlorhexidine solution associated with a universal adhesive
system did not influence the bond strength values
(Table 2), and the null hypothesis of the study was ac-
cepted.

The Single Bond Universal adhesive system is composed
of a 10-MDP functional monomer, exhibiting a higher chem-
ical bonding potential to crystals of hydroxyapatite, promot-
ing the formation of highly insoluble calcium salts and a
satisfactory and stable adhesion.16 The addition of this
functional monomer to the adhesive system was carried out
to prevent differences in the demineralisation depth caused
by the acid etching pretreatment and penetration of the
conventional adhesive system, and prevent the hydrolytic
degradation of the collagen fibres.22.24 The action of this

73



Lopes Fernandes et al

Table 2 Mean (standard deviation, MPa) values of microtensile bond strengths of adhesive system on dentine
subjected to different bonding protocols

Bond strength SBU group SBUPA group SBUCG group SBUPACG group

29.26 £ 9.06 A 32.07 £11.70 A 20.83+8.72A 29.41 +11.31A

SBU group: Single Bond Universal without acid etching; SBUpa group: 37% phosphoric acid + Single Bond Universal; SBUcg group: 2% chlorhexidine gluconate
+ Single Bond Universal; and SBUpacg group: 37% phosphoric acid + 2% chlorhexidine gluconate + Single Bond Universal.
Different uppercase letters indicate statistically significant differences (p < 0.05).

Table 3 Incidence (numbers) of the beams exhibiting premature loss
SBU group SBUpa group SBUcg group SBUpacc group
Premature Loss 1 0 4 2

SBU group: Single Bond Universal without acid etching; SBUpa group: 37% phosphoric acid + Single Bond Universal; SBUcg group: 2% chlorhexidine gluconate

+ Single Bond Universal; and SBUpaca group: 37% phosphoric acid + 2% chlorhexidine gluconate + Single Bond Universal.

adhesive system results in superficial demineralisation and
penetration of the resinous monomer concomitant into the
substrate, which can explain the satisfactory bond strength
observed in this study for the adhesive system with the
dentine substrate (Table 2). It is important to relate that
careful was taken about the moisture of the dentine, which
was controlled during all procedures for not causing shrink-
age of the collagen fibrils.

As previously described, collagen fibrils are fundamen-
tally important in determining the longevity of adhesive pro-
cedures.1! Acid etching is more sensitive to the moisture of
the exposed network collagen fibrils before the application
of the adhesive system than the self-etching technique.®
The collagen fibrils collapse under the drying of the dentine
substrate and the unsatisfactory penetration of the adhe-
sive, and the involvement of the collagen fibril mesh results
in lower bond strengths.® However, the results of this study
showed no statistically significant difference in the bond
strengths between phosphoric acid etching and the acidic
monomers from the self-etch universal adhesive system in
dentine substrate conditioning (Table 2). This could be due
to the high diffusion rate of the adhesive system in the
dentine tubules and collagen fibril mesh. In addition, the
aggressiveness of the erosive nature of phosphoric acid
could contribute to collagen fibril exposure, resulting in the
infiltration of the collagen network by the monomers (Figs 2
and 3).9

Despite the non-statistical differences between the ex-
perimental groups, the group where the dentine was sub-
jected to conditioning with the 2% chlorhexidine gluconate
solution showed a lower numeral bond strength values than
that for the dentine conditioned with phosphoric acid
(Table 2). Chlorhexidine has a strong cationic charge, which
can strongly bind to anionic molecules, such as the phos-
phate present in hydroxyapatite, and influence the phos-
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phate/calcium ratio.26.32 The reaction between phosphate
and chlorhexidine solution results in precipitation,® which
could act as a physical barrier reducing the maximum con-
tact between the adhesive material and tooth surface
(Figs 4 and 5). This may be the mechanism underlying the
higher premature loss in dentine groups subjected to condi-
tioning with chlorhexidine (Table 3).
Moreover, because the chlorhexidine was not washed off
the dentine, it is hypothesised that the dentine tubules are
physically occupied and occluded by the chlorhexidine mol-
ecules and debris remaining on the dentine.28 This could
interfere in the satisfactory infiltration of the resinous
monomers of the adhesive, decreasing the area of contact
between the adhesive system and dental substrate.26

The inability to simulate biological changes such as
chemical attack by acids and enzymes, low specimens per
group, analysis of bond strength with no aging procedure,
as well as the use of only one universal adhesive system
and solution concentration can be considered the major
limiting factors of this study. The 2% chlorhexidine gluco-
nate solution did not influence the adhesive immediate
bond strength, but further laboratory and clinical studies
should be performed to clarify the influence of chlorhexi-
dine on dentine. These studies may include permeability
analysis, investigation of the mechanical properties of the
dentine and restorative substrate, as well as hardness
and elastic modulus tests with associated longitudinal
analyses.

CONCLUSIONS

Based on results of the present study, it can be concluded
that the preapplication of 2% chlorhexidine gluconate did not
reduce the immediate bond strength of the Single Bond Uni-
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Fig 2 Representative image of the dentine without acid etching.

Fig 3 Representative image of the dentine conditioned with 37%
phosphoric acid.
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Fig 4 Representative image of the dentine conditioned with 2%
chlorhexidine gluconate.

versal adhesive system under different bonding protocols.

Acknowledgements

This study was supported by the Junior Scientific Initiation of Na-
tional Council for Scientific and Technological Development (PIBIC/
CNPq).

REFERENCES

1. Bitter K, Aschendorff L, Neumann K, Bluck U, Sterzenbach G. Do
chlorhexidine and ethanol improve bond strength and durability of adhe-
sion of fiber posts inside the root canal? Clin Oral Investig 2014;18:
927-934.

Vol 18, No 1, 2020

Fig 5 Representative image of the dentine conditioned with 37%
phosphoric acid and 2% chlorhexidine gluconate.

2. Bitter K, Hambarayan A, Neumann K, Blunck U, Sterzenbach G. Various
irrigation protocols for final rinse to improve bond strengths of fiber posts
inside the root canal. Eur J Oral Sci 2013;121:349-354.

3. Carrilho MR, Carvalho RM, De Goes MF, di Hipdlito V, Geraldeli S, Tay FR,
et al. Chlorhexidine preserves dentin bond in vitro. J Dent Res 2007;
86:90-94.

4. Cecchin D, Giacomin M, Farina AP, Bhering CL, Mesquita MF, Ferraz CC.
Effect of chlorhexidine and ethanol on push-out bond strength of fiber
posts under cyclic loading. J Adhes Dent 2014;16:87-92.

5. De Munck J, Mine A, Van den Steen PE, Van Landuyt KL, Poitevin A, Op-
denakker G, et al. Enzymatic degradation of adhesive-dentin interfaces
produced by mild self-etch adhesives. Eur J Oral Sci 2010;118:494-501.

6. Di Hipdlito V, Rodrigues FP, Piveta FB, Azevedo Lda C, Bruschi Alonso
RC, Silikas N, et al. Effectiveness of self-adhesive luting cements in
bonding to chlorhexidine-treated dentin. Dent Mater 2012;28:495-501.
Dos Santos RA, de Lima EA, Montes MAJR, Braz R. Pre-treating dentin
with chlorhexadine and CPP-ACP: self-etching and universal adhesive sys-
tems. Acta Biomater Odontol Scand 2016;2:79-85.

75



Lopes Fernandes et al

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

76

Felizardo KR, Lemos LV, de Carvalho RV, Gonini Junior A, Lopes MB,
Moura SK. Bond strength of HEMA-containing versus HEMA-free self-etch
adhesive systems to dentin. Braz Dent J 2011;22:468-472.

Frattes FC, Augusto MG, Torres CRG, Pucci CR, Borges AB. Bond strength
to eroded enamel and dentin using a universal adhesive system. J Adhes
Dent 2017;19:121-127.

Freitas SAA, Lanza MDS, Carneiro KK, Loguercio AS, Bauer J. Evaluation
of degree of conversion, microtensile bond strength and mechanical
properties of three etch-and-rinse dental adhesives. Polimeros 2017;3:
230-236.

Kenshima S, Reis A, Uceda-Gomes N, Tancredo Lde L, Filho LE, Nogueira
FN, et al. Effect of smear layer thickness and pH of self-etching adhesive
systems on the bond strength and gap formation to dentin. J Adhes Dent
2005;7:117-126.

Loguercio AD, Stanislawczuk R, Polli LG, Costa JA, Michel MD, Reis A. In-
fluence of chlorhexidine digluconate concentration and application time on
resin-dentin bond strength durability. Eur J Oral Sci 2009;117:587-596.
Manso AP, Bedran-Russo AK, Suh B, Pashley DH, Carvalho RM. Mechani-
cal stability of adhesives under water storage. Dent Mater 2009;25:744—
749.

Mazzoni A, Pashley DH, Nishitani Y, Breschi L, Mannello F, Tjaderhane L,
et al. Reactivation of quenched endogenous proteolytic activities in phos-
phoric acid-etched dentine by etch-and-rise adhesives. Biomaterials
2006;27:4470-4476.

Moda MD, Godas AGL, Fernandes JC, Suzuki TYU, Guedes APA, Briso
ALF, et al. Comparison of different polishing methods on the surface
roughness of microhybrid, microfill, and nanofill composite resins. J In-
vestig Clin Dent 2018;9:1-9.

Montagner AF, Sarkis-Onofre R, Pereira-Cenci T, Cenci MS. MMP inhibitor
on dentin stability: a systematic review and meta-analysis. J Dent Res
2014;993:733-743.

Nishitani Y, Yoshiyama M, Wadgaonkas B, Breschi L, Mannello F, Maz-
zoni A, et al. Activation of gelatinolytic/collagenolytic activity in dentin by
self-etching adhesives. Eur J Oral Sci 2006;114:160-166.

Orellana N, Ramirez R, Roig M, Giner L, Mercade M, Durén F, et al. Com-
parative study of the microtensile bond strength of three different total
etch adhesives with different solvents to wet and dry dentin (in vitro
test). Acta Odontol Latinoam 2009;22:47-56.

Osorio R, Yamauti M, Osorio E, Ruiz-Requena ME, Pashley DH, Tay FR, et
al. Zinc reduces collagen degradation in demineralized human dentin ex-
plants. J Dent 2011;39:148-153.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Pavan S, dos Santos PH, Berger S, Bedran-Russo AK. The effect of den-
tin pretreatment on the microtensile bond strength of self-adhesive resin
cements. J Prosthet Dent 2010;104:258-264.

Perdigao J, Sezinando A, Monteiro PC. Laboratory bonding ability of a
multi-purpose dentin adhesive. Am J Dent 2012;25:153-158.

Pushpa R, Suresh BS. Marginal permeability of one self-etch adhesives:
Effects of double application or the application of hydrophobic layer. J
Conserv Dent 2010;13:141-144.

Ricci HA, Sanabe ME, de Souza-Costa CA, Pashley DH, Hebling J. Chlor-
hexidine increases the longevity of in vivo resin-dentin bonds. Eur J Oral
Sci 2010;118:411-416.

Saboia VP, Rodrigues AL, Pimenta LA. Effect of collagen removal on
shear bond strength of two single-bottle adhesive systems. Oper Dent
2000;25:395-400.

Scaffa PM, Vidal CM, Barros N, Gesteira TF, Carmona AK, Breschi L, et
al. Chlorhexidine inhibits the activity of dental cysteine cathepsins. J
Dent Res 2012;91:420-425.

Sheikh Hasani Y, Paryab M, Saffarpour A, Kharazifard MJ, Shahrabi M.
The effect of disinfection with chlorhexidine on the shear bond strength
of equia resin- modified glass ionomer cement to dentin in permanent
teeth after two thermocycling protocols. J Dent 2017;18:265-271.
Sinhoreti MAC, Soares EF, Abuna GF, Sobrinho LC, Roulet JF, Geraldeli S.
Microtensile bond strength of adhesive systems in different dentin re-
gions on a class Il cavity configuration. Braz Dent J 2017;4:474-481.
Suma NK, Shashibhushan KK, Subba Reddy VV. Effect of dentin disinfec-
tion with 2% chlorhexidine gluconate and 0.3% iodine on dentin bond
strength: an in vitro study. Int J Clin Pediatr Dent 2017;10:223-228.
Suzuki TY, Godas AG, Guedes AP, Catelan A, Pavan S, Briso AL, et al. Mi-
crotensile bond strength of resin cements to caries-affected dentin. J
Prosthet Dent 2013;110:47-55.

Tersariol IL, Geraldeli S, Minciotti CL, Nascimento FD, Paakkénen V, Mar-
tins MT, et al. Cysteine cathepsins in human dentin-pulo complex. J
Endod 2010;36:475-481.

Tjaderhane L, Nascimento FD, Breschi L, Mazzoni A, Tersariol IL, Ger-
aldeli S, et al. Optimizing dentin bond durability: control of collagen deg-
radation by matrix metalloproteinases and cysteine cathepsins. Dent
Mater 2013;29:116-135.

Turkun M, Turkun L, Ates M. Antibacterial activity of cavity disinfectants.
Balkan J Stomatol 2004;8:1107-1114.

Oral Health & Preventive Dentistry



