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Abstract
Background: Dental erosion is caused by frequent exposure to acids without the involvement of microorganism.
This study analyzed the effect of biguanides (polyhexamethylene biguanide – PHMB and chlorhexidine – CHX) on
dentin erosion due to their possible influence on the enzymatic degradation of the demineralized organic matrix.
Method: Sixty bovine dentin specimens were prepared. On both sides of their surface, nail varnish was applied to
maintain the reference surfaces for the determination of dentin loss. Samples were cyclically de- and remineralized
for 6 days. Demineralization was performed with a 0.87 M citric acid solution (6×5 min daily). Thereafter, samples
were treated with distilled water (negative control), 0.12% CHX (positive control), 0.07% PHMB, Sanifill Perio Premium™
(0.07% PHMB plus 0.05% NaF), or F solution (0.05% NaF) for 1 min and then subjected to enzymatic challenge for
10 min using a bacterial collagenase (Clostridium hystoliticum, 100 μg/ml). Dentin loss was assessed using profilometry
(μm) daily. Data were analyzed using 2-way repeated measures-ANOVA and Bonferroni’s test (p < 0.05).
Results: Dentin loss progressed significantly for all groups during the 6 days. After the 3rd day, Sanifill Premium™, CHX,
and PHMB significantly reduced dentin erosion compared to control. On the 6th day, the lowest mean (±SD) dentin
loss was observed for Sanifill Perio Premium™ (94.4 ± 3.9 μm). PHMB and CHX led to intermediate dentin loss
(129.9 ± 41.2 and 135.3 ± 33.5 μm, respectively) that was significantly lower than those found for negative control
(168.2 ± 6.2 μm). F (157.4 ± 6.1 μm) did not significantly differ from negative control.
Conclusions: Sanifill Perio Premium™ mouthwash has a good potential to reduce dentin loss, which might be
associated with the presence of PHMB.
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Background
Dental erosion is caused by frequent exposure to exogenous or endogenous acids without the involvement
of microorganism [1]. Nowadays this clinical condition
is in evidence because people are more often exposed to
acids, and researchers give more attention to the early
diagnosis. Consequently, increment in prevalence has
been reported [2,3].
When enamel is lost or the root is exposed because of
gingival recession, dentin can be accomplished by this
condition. Dentin erosive tissue loss is not a simple surface process. The minerals from the peritubular dentin
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are initially released, and the tubules are widened [4].
Subsequently, a superficial layer of demineralized organic matrix (DOM) is detectable. It is conceivable that
DOM might protect the remaining demineralized dentin
against mechanical forces such as toothbrush abrasion
[5,6]. In addition, DOM (mainly collagen fibrils) is able
to hamper ionic diffusion into and out of the demineralized area, modulating the progression of mineral loss
[7,8]. However, DOM may be affected by enzymatic and
chemical degradation, which might enhance the progression of dentin erosion [9,10].
DOM may be affected by host-derived enzymes, such
as MMPs, which mediate the breakdown of practically
all extracellular matrix molecules, including native and
denatured collagen [11,12]. MMP-8 has been found to
be the most common collagenase of human dentin [13],
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but MMP-2 and MMP-9 have also been found in this
tissue [14,15]. It has been shown that the activity of
MMP-2 and MMP-9 is crucial for dentin collagen breakdown in carious lesions [16]. However, the degradation
of DOM in vivo does not depend only on the action of
MMPs. Other proteases have been recently suggested to
be implicated in this process such as cysteine cathepsins
[17]. Cysteine cathepsins can activate MMPs [18], and
this mechanism has been suggested to be involved in human dentinal caries lesions [19]. Cysteine cathepsins are
derived from the dental pulp via dentinal fluid and can
cleave C-terminal telopeptide of type I collagen [20],
possibly exposing the collagenase cleavage site, after the
exposure to the acids. Besides, it has been shown that cathepsin B directly cleaves and inactivates MMP-specific
tissue inhibitors TIMP-1 and TIMP-2, changing the
balance between MMPs and their inhibitors. Acidic pH
activates cysteine cathepsins, which in turn either activate
MMPs or inactivate TIMP, or both, resulting in degradation of DOM [21].
Collagenase inhibitors are being investigated as potential therapeutic agents in the treatment and prevention
of several oral conditions, including dentin caries and
erosion [22-24]. Chlorhexidine (biguanide, CHX), an
MMP inhibitor [25] and cysteine cathepsin inhibitor
[26], has been suggested as a useful tool in the prevention of collagen fibrils degradation by collagenases, thus
increasing the longevity of adhesive restorations [27-29]
as well as reducing the erosion progression [30,31].
Polyhexamethylene biguanide hydrochloride (PHMB) is
a polymeric biguanide with broad antimicrobial spectrum
against both Gram-positive and Gram-negative bacteria
[32,33] and has been used for several years as an antiseptic
agent in medicine [34]. PHMB is a structural analogue of
chlorhexidine, with the advantage of not having side effects such as tooth staining. We hypothesized that PHMB
could reduce dentin erosion, as chlorhexidine, by inhibiting collagenases.
Taking this into consideration, this study analyzed the
effect of biguanides (PHMB and CHX) on dentin erosion.
The null hypothesis tested was that 0.07% PHMB would
not reduce erosion progression compared to 0.12% CHX.

Methods
Sample preparation

Sixty dentin samples (4 × 4 × 3 mm) were cut from extracted sound bovine incisor crowns using an ISOMET
Low Speed Saw cutting machine (Buehler Ltda., Lake
Bluff, IL, USA) and two diamond disks (Extec Corp.,
Enfield, CT, USA), which were separated by a 4-mm
thickness spacer. The enamel surface was removed using
a diamond bur (KG Sorensen 4054, Cotia, SP, Brazil),
and then the dentin surface was ground flat with watercooled carborundum discs (600 and 1200 grades of Al2O3
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papers; Buehler, Lake Bluff, IL, USA) and polished with
felt paper wet with diamond suspension (1 μm; Buehler,
Lake Buff, IL, USA). The protocol was approved by
the Institutional Review Board of Bauru Dental School,
University of São Paulo.
Dentin samples were randomly distributed into five
groups (n = 12): distilled water (negative control), 0.12%
CHX (positive control), 0.07% PHMB, Sanifill Perio Premium™ (0.07% PHMB plus 0.05% NaF), or F solution
(0.05% NaF).
Two layers of nail varnish were applied on two-thirds
of the outer dentin surface, in order to maintain reference surfaces for dentin-loss determination.
Treatment and erosive challenges

All samples were subjected to de- and remineralization
cycles for 6 days. Six demineralization challenges were
performed per day for 5 min each, using 0.87 M citric
acid solution (pH 2.5, 30 ml/sample). After each
demineralization, samples were treated with one of the
solutions for 1 min (30 ml/sample). Thereafter, they
were rinsed in deionized water and then subjected to
enzymatic challenge for 10 min using a bacterial collagenase (Clostridium hystoliticum, 100 μg/ml, Sigma-Aldrich,
EUA) in a buffer containing 1 ml of 50 mM TES buffer
(TESCA), pH 7.4 [35,36]. Between the cycles, the samples
were immersed in artificial saliva (1.5 mmol l-1 CaCl2,
KH2PO4 2.4 mmol l-1, Na2HPO4, 17 mmol l-1 KCl, 2
mmol l-1 NaSCN, 9.9 mmol l-1 NaCl, 3 mmol l-1 NH4Cl, 3
mmol l-1 urea, and 0.2 mmol l-1 glucose, pH 6.8, 30 ml/
sample).
Dentin loss measurement

Dentin loss was assessed using a contact profilometer
(MarSurf GD 25, Mahr, Göttingen, Germany) daily. For
this purpose, the dentin samples were kept moist in
0.9% NaCl and 0.02% sodium azide solution at 4°C to
avoid shrinkage of the DOM during the measurement.
Firstly, the nail varnish over the reference surfaces was
carefully removed using a scalpel blade and acetone solution (1:1 water). The diamond stylus moved from one
reference area to the exposed one and then over the
other reference area (length: 2.5 mm). The dentin profile
was determined by comparing the reference surfaces to
the eroded area using an appropriate software (MarSurf
XT 20, Mahr). The differences in height between the reference and eroded areas were quantified in microns. Five
profile measurements were performed at a distance of
250 μm from each other and the average value obtained.
Statistical analysis

The software GraphPad Prism (GraphPad Software, San
Diego, USA) was used. Data were checked for normality
and homogeneity using Kolmogorov-Smirnov and Bartlett’s
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tests, respectively. Since these criteria were satisfied, data
were analyzed using 2-way repeated measures ANOVA
followed by Bonferroni’s post hoc test considering treatments and periods as factors (p < 0.05).

Results
Dentin erosive loss progressed significantly for all groups
during the 6 days. The highest and the lowest progression were found for dentin samples from the control
and Sanifill Perio Premium™ groups, respectively. On the
1st day, no differences were found among the groups,
while on the 2nd day, CHX and Sanifill Perio Premium™
were able to significantly reduced dentin loss compared
to control. On the 3rd day, only Sanifill Perio Premium™
was able to significantly reduce dentin erosion.
From the 3th to the 6th day, the lowest mean (±SD)
dentin loss was still observed for Sanifill Perio Premium™, which significantly differed from all the other
groups (except from CHX on day 4). PHMB and CHX
led to intermediate dentin loss values that were significantly lower than those found for control. F alone did
not significantly differ from control along the experimental days (Table 1).
Discussion
Antimicrobial mouthwashes containing biguanide have
been used for a long time [37,38] to help the treatment
of gingivitis and periodontitis and to favor the reduction
of dental caries [38]. However, other benefits have been
proposed with the frequent use of biguanide solutions
(CHX), such as the prevention of the degradation of
DOM and consequently of the progression of dental erosion [30].
Considerable evidence supports the importance of
MMPs and cysteine cathepsins as key host cell-derived
mediators of the pathological tissue destruction observed

during periodontitis, cancer, and caries [21,24,25,39-41].
It is well known that MMPs activation occurs at a low
pH and that their degrading activity is enhanced by the
subsequent pH neutralization, which occurs in caries
and erosion processes [16,21,42]. In the present study,
demineralization was performed using a citric acid solution (an extrinsic erosive acid). The DOM was treated
and then exposed to collagenase, simulating the hostderived activated MMPs. The mechanism of action of
MMPs has been suggested to be involved with the aid of
cysteine cathepsins. Acidic pH activates cysteine cathepsins, which in turn either proteolytically activate MMPs
or inactivate TIMP, or both, resulting in degradation of
DOM [19,21]. Thus, the impact of the inhibitory effect
of CHX and PHMB on MMPs and cysteine cathepsins
and, consequently, on the progression of dentin erosion
needs to be better investigated.
Considering the anti-MMPs potential of CHX [25,30]
and that PHMB is a structural analogue of CHX, this
study contributes to the field of research by showing that
PHMB can be as effective as CHX on the dentin erosion
inhibition. Therefore, the null hypothesis can be rejected.
CHX is a cationic biguanide with broad-spectrum antimicrobial action, whose effectiveness in decreasing the
formation of dental biofilm (plaque) and gingivitis has
been demonstrated in clinical studies [43,44]. An important characteristic of chlorhexidine is its substantivity
or persistence of action, which consists of the ability of
this product to bind to oral tissues and remain active for
long periods after application. The antimicrobial properties of mouthwashes containing CHX and other antimicrobial agents have been assessed in vivo and in vitro,
with excellent results for CHX-based solutions [44].
CHX was administered in a commercial dose, exceeding
those reported for MMP-2, MMP-8, and MMP-9 inhibition [25]. It has been demonstrated that CHX completely

Table 1 Dentin loss (μm, mean ± SD) for each treatment group after the experimental days
Group

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Distilled water

52.6 ± 4.7

82.2 ± 3.4

109.2 ± 2.5

135.4 ± 6.0

157.8 ± 55.2

168.2 ± 6.2

Aa

Bc

Cbc

Dd

Ed

Ec

43.6 ± 5.1

54.1 ± 2.6

92.1 ± 2.8

96.5 ± 2.8

111.7 ± 3.9

135.3 ± 33.5

Aa

Aab

Bb

BCab

Cb

Db

41.7 ± 2.7

68.7 ± 1.9

96.3 ± 2.2

109.1 ± 3.9

121.1 ± 4.7

129.9 ± 41.2

Aa

Bbc

Cb

Cbc

CDbc

Db

46.0 ± 6.3

46.2 ± 3.0

53.8 ± 4.1

87.6 ± 4.3

89.1 ± 2.3

94.4 ± 3.9

Aa

Aa

Aa

Ba

Ba

Ba

50.4 ± 7.1

79.3 ± 2.5

119.5 ± 3.3

128.7 ± 3.3

146.0 ± 39.4

157.4 ± 6.1

Aa

Bc

Cc

Ccd

Dcd

Dc

CHX

PHMB

Sanifill Perio Premium™

F solution

Treatments whose mean ± SD are followed by distinct lower case letters at the same column differ significantly (p < 0.0001). Days whose mean ± SD are followed
by distinct upper case letters at the same line differ significantly (p < 0.0001). There was interaction between the factors (p < 0.0001).
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inhibits MMP-2 and MMP-9 at a concentration of 0.03%
and MMP-8 at a concentration of 0.02–0.01% [28]. There
is no data reporting that the inhibitory dose of CHX or
PHMB is able to act on the cathepsines or that the PHMB
inhibitory dose is able to act on different MMPs, which
should be tested in the future.
An interesting finding is that the commercial product
Sanifill Perio Premium™, containing PHMB and fluoride,
had the greatest dentin erosion inhibiting-effect. This
might be due to the combination of both agents, but especially to the presence of PHMB, as confirmed by the
results of the PHMB and F groups.
The efficacy of F to reduce dentin erosive demineralization
was shown previously [45]. However, this efficacy seems to
be highly dependent on the presence of DOM [9,46,47].
The present study confirms previous findings, since F
solution alone was ineffective to reduce dentin erosion progress, using this experimental model with collagenolytic
degradation, where DOM was degraded.
It has been assumed that DOM exhibits a buffering
capacity which might prevent the acid attack of deep
dentin areas and reduce further demineralization in the
presence of high amounts of fluoride [9]. Besides the
effect of F inhibiting demineralization, Kato et al. [48]
recently showed the ability of NaF to completely inhibit
the activity of MMPs. The authors showed that the inhibition of MMPs-2 and -9 by NaF is reversible at low,
but irreversible at high F concentrations (5,000 ppm).
The possible mechanism by which NaF inhibits the
MMPs is not known so far. Considering that MMPs are
Zn2+ and Ca2+ dependent enzymes, and F is highly electronegative, it seems logical that excess F could make
these cations unavailable to participate in the catalytic
process. In the present study, the F concentration was
much lower than those tested by Kato et al. [48],
which could help to explain the absence of the erosion
inhibiting-effect.
Despite a lack of studies evaluating the role of MMPs
in dental erosion, it might be speculated that similar
processes to those in caries might affect the degradation
of the dentinal organic matrix also under erosive conditions. As the maintenance of the organic matrix is
desirable to decrease the progression of erosive dentin
lesions [9], it seems worthy to analyze whether the
application of potential MMP-inhibitors indirectly
affects the progression of erosion by reducing the
organic breakdown. Previous studies found that the
application of potential MMP-inhibitors reduced the
dentin collagen solubilisation [49] and diminished the
progression of caries lesions in rats [24]. One potent
MMP-inhibitor affecting MMP-2, -8, and -9 is chlorhexidine [25], which was shown to reduce the degradation of the dentin hybrid layer and the solubilisation
of dentinal collagen [49].
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The inhibitory effect of chlorhexidine on MMPs (zincactivated, calcium-dependent endopeptidase) is attributed to a chelating mechanism, since the inhibition of
MMP-2 and MMP-9 could be prevented by the addition
of calcium chloride-binding chlorhexidine. It was also
discussed that chlorhexidine might affect essential sulfhydryl groups and/or cysteine present in the active site
of MMPs [25]. At salivary concentrations above 0.2%,
the inhibitory action of chlorhexidine might be also related to a protein denaturation [50], which might be not
the case in the present study.
PHMB present in Sanifill Perio Premium™ might have
acted against DOM degradation by similar mechanism
of action as CHX. However, additional studies more
closely resembling the clinical situation and using different response variables should be conducted to clarify
this point.

Conclusion
In conclusion, both biguanides were able to reduce dentin
erosion. Sanifill Perio Premium™ mouthwash had the best
potential to reduce dentin erosion, which might be due to
the combination of PHMB and F. Further studies must be
performed to confirm the mechanism of action of the
PHMB-based products.
Competing interests
The authors declare that they have no competing interests in respect to
this manuscript. I emphasize the participation of the author Rejane in the
elaboration of the manuscript and providing components that are part of
the preparation of Sanifill Perio Premium™ solution for the realization of the
research. More over I would like to highlight the fact that the author did not
receive any remuneration for the realization of this research. I emphasize
also that all results have been duly transferred to the company as scientific
research without payment among the parties, just for the improvement of
the product formulation in the future.
Authors’ contributions
SC, CABC, MTK, PD, and GG participated in the design of the study. RF
participated in the elaboration of the company’s products (Sanifill Perio
Premium™). ACM performed the statistical analysis and helped to draft the
manuscript. MARB conceived of the study, participated in its design and
coordination, and helped to draft the manuscript. All authors read and
approved the final manuscript.
Acknowledgements
Thanks to the Department of Oral Care Research and Development,
Hypermarkets, Brazil, for important contribution to the research.
This manuscript resulted from a research that was funded entirely or partially
by an outside source: PIBIT/CNPq/USP-2010.1.6720.25.2.
Author details
1
Department of Biological Sciences, Bauru School of Dentistry, University of
São Paulo, Al. Octávio Pinheiro Brisolla, 9-75, Bauru, SP 17012-901, Brazil.
2
Department of Dentistry, University of Sagrado Coração, Bauru, Brazil.
3
Department of Consumer and Market Knowledge, Hypermarcas, Brazil.
Received: 24 February 2014 Accepted: 7 July 2014
Published: 30 October 2014
References
1. Huysmans MC, Chew HP, Ellwood RP: Clinical studies of dental erosion
and erosive wear. Caries Res 2011, 45(Suppl 1):60–68.

Charone et al. BMC Oral Health 2014, 14:131
http://www.biomedcentral.com/1472-6831/14/131

2.

3.

4.
5.

6.
7.

8.

9.

10.

11.

12.

13.

14.
15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

Kreulen CM, Van ’t Spijker A, Rodriguez JM, Bronkhorst EM, Creugers NH,
Bartlett DW: Systematic review of the prevalence of tooth wear in
children and adolescents. Caries Res 2010, 44(2):151–159.
Nahás Pires Corrêa MS, Nahás Pires Corrêa F, Nahás Pires Corrêa JP,
Murakami C, Mendes FM: Prevalence and associated factors of dental
erosion in children and adolescents of a private dental practice. Int J
Paediatr Dent 2011, 21(6):451–458.
Meurman JH, Drysdale T, Frank RM: Experimental erosion of dentin. Scand
J Dent Res 1991, 99(6):457–462.
Ganss C, Hardt M, Blazek D, Klimek J, Schlueter N: Effects of toothbrushing
force on the mineral content and demineralized organic matrix of
eroded dentine. Eur J Oral Sci 2009, 117(3):255–260.
Ganss C, Schlueter N, Hardt M, von Hinckeldey J, Klimek J: Effects of
toothbrushing on eroded dentine. Eur J Oral Sci 2007, 115(5):390–396.
Klont B, ten Cate JM: Remineralization of bovine incisor root
lesions in vitro: the role of the collagenous matrix. Caries Res 1991,
25(1):39–45.
Kleter GA, Damen JJ, Everts V, Niehof J, Ten Cate JM: The influence of the
organic matrix on demineralization of bovine root dentin in vitro. J Dent
Res 1994, 73(9):1523–1529.
Ganss CJ, Klimek J, Starck C: Quantitative analysis of the impact of the
organic matrix on the fluoride effect on erosion progression in
human dentine using longitudinal microradiography. Arch Oral Biol
2004, 49(11):931–935.
Hara AT, Ando M, Cury JA, Serra MC, González-Cabezas C, Zero DT:
Influence of the organic matrix on root dentine erosion by citric acid.
Caries Res 2005, 39(2):134–138.
Visse R, Nagase H: Matrix metalloproteinases and tissue inhibitors of
metalloproteinases: structure, function, and biochemistry. Circ Res 2003,
92(8):827–839.
Hannas AR, Pereira JC, Granjeiro JM, Tjäderhane L: The role of matrix
metalloproteinases in the oral environment. Acta Odontol Scand 2007,
65(1):1–13.
Sulkala M, Tervahartiala T, Sorsa T, Larmas M, Salo T, Tjäderhane L: Matrix
metalloproteinase-8 (MMP-8) is the major collagenase in human dentin.
Arch Oral Biol 2007, 52(2):121–127.
Martin-De Las Heras S, Valenzuela A, Overall CM: The matrix metalloproteinase
gelatinase A in human dentine. Arch Oral Biol 2000, 45(9):757–765.
Mazzoni A, Pashley DH, Tay FR, Gobbi P, Orsini G, Ruggeri A Jr, Carrilho M,
Tjäderhane L, Di Lenarda R, Breschi L: Immunohistochemical identification
of MMP-2 and MMP-9 in human dentin: correlative FEI-SEM/TEM analysis.
J Biomed Mater Res A 2009, 88(3):697–703.
Tjäderhane L, Larjava H, Sorsa T, Uitto VJ, Larmas M, Salo T: The activation
and function of host matrix metalloproteinases in dentin matrix
breakdown in caries lesions. J Dent Res 1998, 77:1622–1629.
Tersariol IL, Geraldeli S, Minciotti CL, Nascimento FD, Pääkkönen V, Martins
MT, Carrilho MR, Pashley DH, Tay FR, Salo T, Tjäderhane L: Cysteine
cathepsins in human dentin-pulp complex. J Endod 2010, 36(3):475–481.
Nagase H: Activation mechanisms of matrix metalloproteinases. Biol
Chem 1997, 378(3–4):151–160.
Nascimento FD, Minciotti CL, Geraldeli S, Carrilho MR, Pashley DH, Tay FR,
Nader HB, Salo T, Tjäderhane L, Tersariol IL: Cysteine cathepsins in human
carious dentin. J Dent Res 2011, 90(4):506–511.
Garnero P, Ferreras M, Karsdal MA, Nicamhlaoibh R, Risteli J, Borel O, Qvist P,
Delmas PD, Foged NT, Delaissé JM: The type I collagen fragments ICTP
and CTX reveal distinct enzymatic pathways of bone collagen
degradation. J Bone Miner Res 2003, 18(5):859–867.
Tjäderhane L, Nascimento FD, Breschi L, Mazzoni A, Tersariol IL, Geraldeli
S, Tezvergil-Mutluay A, Carrilho MR, Carvalho RM, Tay FR, Pashley DH:
Optimizing dentin bond durability: control of collagen degradation
by matrix metalloproteinases and cysteine cathepsins. Dent Mater
2013, 29(1):116–135.
Kato MT, Leite AL, Hannas AR, Calabria MP, Magalhães AC, Pereira JC,
Buzalaf MA: Impact of protease inhibitors on dentin matrix degradation
by collagenase. J Dent Res 2012, 91(12):1119–1123.
Kato MT, Leite AL, Hannas AR, Oliveira RC, Pereira JC, Tjäderhane L, Buzalaf
MA: Effect of iron on matrix metalloproteinase inhibition and on the
prevention of dentine erosion. Caries Res 2010, 44(3):309–316.
Sulkala M, Wahlgren J, Larmas M, Sorsa T, Teronen O, Salo T, Tjäderhane L:
The effects of MMP inhibitors on human salivary MMP activity and caries
progression in rats. J Dent Res 2001, 80(6):1545–1549.

Page 5 of 6

25. Gendron R, Grenier D, Sorsa T, Mayrand D: Inhibition of the activities of
matrix metalloproteinases 2, 8, and 9 by chlorhexidine. Clin Diagn Lab
Immunol 1999, 6(3):437–439.
26. Scaffa PM, Vidal CM, Barros N, Gesteira TF, Carmona AK, Breschi L, Pashley
DH, Tjäderhane L, Tersariol IL, Nascimento FD, Carrilho MR: Chlorhexidine
inhibits the activity of dental cysteine cathepsins. J Dent Res 2012,
91(4):420–425.
27. Hebling J, Pashley DH, Tjäderhane L, Tay FR: Chlorhexidine arrests
subclinical degradation of dentin hybrid layers in vivo. J Dent Res 2005,
84(8):741–746.
28. Carrilho MR, Carvalho RM, de Goes MF, di Hipólito V, Geraldeli S, Tay FR,
Pashley DH, Tjäderhane L: Chlorhexidine preserves dentin bond in vitro.
J Dent Res 2007, 86(1):90–94.
29. Carrilho MR, Geraldeli S, Tay F, de Goes MF, Carvalho RM, Tjäderhane L, Reis
AF, Hebling J, Mazzoni A, Breschi L, Pashley D: In vivo preservation of the
hybrid layer by chlorhexidine. J Dent Res 2007, 86(6):529–533.
30. Magalhães AC, Wiegand A, Rios D, Hannas A, Attin T, Buzalaf MA:
Chlorhexidine and green tea extract reduce dentin erosion and abrasion
in situ. J Dent 2009, 37(12):994–998.
31. Kato MT, Leite AL, Hannas AR, Buzalaf MA: Gels containing MMP inhibitors
prevent dental erosion in situ. J Dent Res 2010, 89(5):468–472.
32. Davies A, Bentley M, Field BS: Comparison of the action of vantocil,
cetrimide and chlorhexidine on Escherichia coli and its spheroplasts
and the protoplasts of gram positive bacteria. J Appl Bacteriol 1968,
31(4):448–461.
33. Davies A, Field BS: Action of biguanides, phenols and detergents on
Escherichia coli and its sphereoplasts. J Appl Bacteriol 1969, 32(2):233–243.
34. Larkin DF, Kilvington S, Dart JK: Treatment of Acanthamoeba keratitis with
polyhexamethylene biguanide. Ophthalmology 1992, 99(2):185–191.
35. Bedran-Russo AK, Yoo KJ, Ema KC, Pashley DH: Mechanical properties of
tannic-acid-treated dentin matrix. J Dent Res 2009, 88(9):807–811.
36. Schlueter N, Hardt M, Klimek J, Ganss C: Influence of the digestive
enzymes trypsin and pepsin in vitro on the progression of erosion in
dentine. Arch Oral Biol 2010, 55(4):294–299.
37. Menendez A, Li F, Michalek SM, Kirk K, Makhija SK, Childers NK:
Comparative analysis of the antibacterial effects of combined
mouthrinses on Streptococcus mutans. Oral Microbiol Immunol 2005,
20(1):31–34.
38. Lorenz K, Bruhn G, Heumann C, Netuschil L, Brecx M, Hoffmann T: Effect of
two new chlorhexidine mouthrinses on the development of dental
plaque, gingivitis, and discolouration. A randomized, investigator-blind,
placebo-controlled, 3-week experimental gingivitis study. J Clin
Periodontol 2006, 33(8):561–567.
39. Xu L, Yu Z, Lee HM, Wolff MS, Golub LM, Sorsa T, Kuula H: Characteristics of
collagenase-2 from gingival crevicular fluid and peri-implant sulcular
fluid in periodontitis and peri-implantitis patients: pilot study. Acta
Odontol Scand 2008, 66(4):219–224.
40. Rothberg JM, Bailey KM, Wojtkowiak JW, Ben-Nun Y, Bogyo M, Weber E,
Moin K, Blum G, Mattingly RR, Gillies RJ, Sloane BF: Acid-mediated
tumor proteolysis: contribution of cysteine cathepsins. Neoplasia 2013,
15(10):1125–1137.
41. Garbisa S, Sartor L, Biggin S, Salvato B, Benelli R, Albini A: Tumor gelatinases
and invasion inhibited by the green tea flavanol epigallocatechin-3-gallate.
Cancer 2001, 91(4):822–832.
42. Buzalaf MAR, Kato MT, Hannas AR: The role of matrix metalloproteinases
in dental erosion. Adv Dent Res 2012, 24(2):72–76.
43. Bascones A, Morante S, Mateos L, Mata M, Poblet J: Influence of additional
active ingredients on the effectiveness of non-alcoholic chlorhexidine
mouthwashes: a randomized controlled trial. J Periodontol 2005,
76(9):1469–1475.
44. Charles CH, Mostler KM, Bartels LL, Mankodi SM: Comparative antiplaque
and antigingivitis effectiveness of a chlorhexidine and an essential oil
mouthrinse: 6-month clinical trial. J Clin Periodontol 2004, 31(10):878–884.
45. Magalhães AC, Wiegand A, Rios D, Buzalaf MA, Lussi A: Fluoride in dental
erosion. Monogr Oral Sci 2011, 22:158–170.
46. Ganss C, Lussi A, Sommer N, Klimek J, Schlueter N: Efficacy of fluoride
compounds and stannous chloride as erosion inhibitors in dentine.
Caries Res 2010, 44(3):248–252.
47. Ganss C, Klimek J, Schäffer U, Spall T: Effectiveness of two fluoridation
measures on erosion progression in human enamel and dentine in vitro.
Caries Res 2001, 35(5):325–330.

Charone et al. BMC Oral Health 2014, 14:131
http://www.biomedcentral.com/1472-6831/14/131

Page 6 of 6

48. Kato MT, Bolanho A, Zarella BL, Salo T, Tjäderhane L, Buzalaf MA: Sodium
Fluoride Inhibits MMP-2 and MMP-9. J Dent Res 2014, 93(1):74–77.
49. Carrilho MR, Tay FR, Donnelly AM, Agee KA, Tjäderhane L, Mazzoni A,
Breschi L, Foulger S, Pashley DH: Host-derived loss of dentin matrix
stiffness associated with solubilization of collagen. J Biomed Mater Res B
Appl Biomater 2009, 90(1):373–380.
50. Hjeljord LG, Rolla G, Bonesvoll P: Chlorhexidine-protein interactions.
J Periodontal Res Suppl 1973, 12:11–16.
doi:10.1186/1472-6831-14-131
Cite this article as: Charone et al.: The effect of mouthwashes containing
biguanides on the progression of erosion in dentin. BMC Oral Health
2014 14:131.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

