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Influence of an arginine-containing toothpaste
on bond strength of different adhesive systems

to eroded dentin
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The aim of this study was to evaluate the bond strength of different
adhesive systems to eroded dentin following toothbrushing with an
arginine-containing toothpaste. Sixty standardized 3 x 3 x 2-mm frag-
ments of root dentin (n = 10) were prepared. After all surfaces except
the buccal surfaces were impermeabilized, specimens were subjected to
an erosive wear protocol and stored for 24 hours at 37°C. The specimens
underwent 1000 toothbrushing cycles with an arginine-containing tooth-
paste, an arginine-free toothpaste (positive control group), or artificial
saliva (negative control group). Following application of a self-etching
or an etch-and-rinse adhesive to the buccal surfaces of the specimens,

test was performed at a speed of 0.5 mm/min until specimen fracture,
and the failure patterns were evaluated using a stereoscopic loupe.
Two-way analysis of variance revealed no significant difference between
the toothpastes, the adhesive systems, or the interactions between
toothpaste and adhesive system in terms of the bond strength to eroded
dentin (P> 0.05). The predominant failure pattern was adhesive in all
groups. It was concluded that a toothpaste containing arginine did not
interfere with the bond between either the self-etching or the etch-and-
rinse adhesive system and eroded dentin.
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6-mm-high composite resin blocks were built up in 2-mm increments.
After 24 hours’ storage in 100% relative humidity, microtensile test

specimens with an approximate area of 1 mm? were prepared. The
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entinal sensitivity may be defined as
D pain or an exaggerated response by
the pulp to exposure of the dentin
to chemical, tactile, thermal, and osmotic
stimuli from the intraoral environment,
exposure that does not occur in a sound
tooth.! Under normal circumstances,
the dentin is protected by enamel and/or
cementum and therefore is not subjected
to direct stimulation.? Nonetheless,
exposed dentinal tubules secondary to
enamel loss caused by abrasion, erosion,
or abfraction may produce strong den-
tinal sensitivity.>> Additionally, patients
retain teeth longer than in the past,
increasing the risk for such lesions."¢
Enamel loss is predominantly a process
of wear resulting from erosion caused by
exposure to intrinsic or extrinsic acids,
which is generally followed by abrasion,
attrition, and abfraction. Cervical lesions
involving enamel loss and exposed dentin
are more likely to occur when toothbrush-
ing is performed together with abrasive
compounds present in toothpaste as well
as exposure to acidic substances (intrinsic
and extrinsic).” When a tooth is exposed to
acid, minerals are lost and, consequently,
surface hardness is reduced. Therefore, if
an abrasive challenge follows erosion, the

softened tissue is easily removed before it
has a chance to remineralize.”*

The use of desensitizing agents to treat
dentinal sensitivity has been advocated;
the action of these agents is based on the
occlusion of exposed dentinal tubules,
which interrupts neural response to stimuli
and thereby blocks the pain signal.” An
arginine and calcium carbonate paste
(utilizing Pro-Argin technology, Colgate-
Palmolive Company) used to treat dentinal
sensitivity has proved efficient in occluding
dentinal tubules.'*" Studies have con-
firmed that arginine and calcium carbon-
ate, when combined, accelerate the natural
mechanism of occlusion by depositing
dentinlike material, which is composed of
calcium and phosphate within the dentinal
tubules, thus forming a plug and a protec-
tive layer over the dentin surface.'*"

An alternative approach to management
of noncarious cervical lesions is composite
resin restorations. According to Grippo,
unrestored lesions promote further dete-
rioration of the dental structure.'® It has
been suggested that restoration of these
lesions would reduce the concentration
of tension in cervical exposed dentin and
consequently halt the lesion progression.'¢
Bonding of materials to eroded substrate is

achieved via the establishment of a hybrid
layer."""? Furthermore, there is evidence
that such a hybrid layer may act as a shock
absorber for stresses between the dentin
and the restorative material due to the
elasticity of this hybrid layer.?>%
Regarding adhesive strategies, etch-and-
rinse bonding agents rely on acid etching
to dissolve hydroxyapatite crystals and
expose the collagen mesh so that it can be
permeated first by the adhesive compo-
nents and then the composite resin.?* Self-
etching bonding systems, in contrast, are
capable of demineralizing the outer layer
of the dentin yet maintaining a residue of
hydroxyapatite still attached to collagen.”
Noncarious cervical lesions may, there-
fore, generally cause dentinal sensitivity,
which can be treated with desensitizers.
Arginine deposited on dentin as a treat-
ment for sensitivity may alter the sub-
strate, which could subsequently receive
a bonded restoration. However, the bond
strength of adhesive systems to eroded
dentin that has undergone toothbrush-
ing with arginine has not yet been fully
evaluated. The aim of the present study
was to evaluate the bond strength of
2 adhesive materials to abraded dentin
that underwent cycles of brushing with
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Table 1. Composition of toothpastes and artificial saliva used in the toothbrushing cycles.

Material

Colgate Cavity Protection

(batch 2336BR121J)

Colgate Pro-Relief
(batch 2199BR12CB)

Artificial saliva

Composition

Water, calcium carbonate, sorbitol, sodium lauryl sulfate, sodium monofluorophosphate (1450 ppm
fluoride), flavoring, cellulose gum, sodium bicarbonate, sodium silicate, sodium saccharin, xanthan gum,
methylparaben, propylparaben, Cl 74160/Blue No. 15 (Cl 74160)

Active ingredients: 8% arginine, 1.10% sodium monofluorophosphate (1450 ppm fluoride)
Other ingredients: calcium carbonate, water, bicarbonate, sorbitol, sodium lauryl sulfate, aroma,
cellulose gum, sodium bicarbonate, potassium acesulfame, sodium silicate, xanthan gum, sucralose,

titanium dioxide (Cl 77891)

Described by McKnight-Hanes & Whitford?® and modified by Amaechi et al”: sodium hydroxymethyl
benzoate, sodium carboxymethyl cellulose, KCI, MgCl,-6H,0, CaCl,-H,0, and K,HPO,, which simulates
both the organic and inorganic contents of natural saliva

Abbreviation: Cl, color index.

Table 2. Composition and application of adhesive systems and composite resin used in bond strength testing.

Material

Clearfil SE Bond
(batch 01628A)

Composition

Primer: MDP, HEMA, hydrophilic dimethacrylate, camphorqui-
none, N, N-diethanol-p-toluidine, water. Bond: MDP, Bis-GMA,
HEMA, hydrophobic dimethacrylate, camphorquinone,

Manufacturer's instructions

10 seconds.

N, N-diethanol-p-toluidine, silanized colloidal silica

Adper Single Bond 2
(batch N3684758BR)

Filtek Z100 XT

Bis-GMA, HEMA, dimethacrylate, ethanol, water, a novel
photoinitiator system, and a functional methacrylate copolymer
of polyacrylic and polyalkenoic acids

Organic phase: Bis-GMA and TEGDMA
(batch 1302400395) Inorganic phase: zirconia/silica (71% volume)

Primer: Apply the primer and wait 20 seconds. Follow with gentle air
drying. Bond: Apply the adhesive. Gently air dry and light cure for

Apply phosphoric acid for 15 seconds and rinse for 10 seconds. Remove
excess water with absorbent paper. Apply 2 layers of adhesive for 15
seconds. Apply light air jet for 5 seconds, and light cure for 10 seconds.

Prepare cavity with adhesive. Place and adapt fine layers of
resin in the cavity. Light cure for 20 seconds.

Abbreviations: Bis-GMA, bisphenol A glycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; MDP, 10-methacryloyloxydecyl dihydrogen phosphate;

TEGDMA, triethylene glycol dimethacrylate.

an arginine-containing toothpaste. The
null hypothesis was that there was no
difference in bond strength between
different adhesive systems and eroded
dentin that was treated with arginine-
containing toothpaste.

Materials and methods

This study was approved by the Research
Ethics Committee of the Sao Leopoldo
Mandic Institute and Dental Research
Center, Campinas, Brazil (protocol No.

2012/0253).

Experimental design

In this study, 60 eroded dentin fragments
were abraded by toothbrushing with an
arginine-containing toothpaste (Colgate
Pro-Relief, Colgate-Palmolive Company),
an arginine-free toothpaste (Colgate Cavity

Protection, Colgate-Palmolive Company),
or artificial saliva and restored using a
conventional etch-and-rinse (Adper Single
Bond 2, 3M ESPE) or self-etching bond-
ing system (Clearfil SE Bond, Kuraray
America, Inc) and composite resin (Filtek
7100, 3M ESPE). The outcome variable
was bond strength via microtensile testing.
The factors under analysis were tooth-
paste at 3 levels (negative control, no tooth-
paste [artificial saliva]; positive control,
arginine-free toothpaste; and experimental,
arginine-containing toothpaste) and bond-
ing systems at 2 levels (etch-and-rinse and
self-etching). The factors under analysis
were designated to the experimental
units randomly, constituting a 3 x 2
factorial, forming 6 experimental groups.
Table 1 describes the composition of the
toothpastes and artificial saliva used in the

toothbrushing cycles. Table 2 describes the
main components of the adhesive systems
and composite resin as well as steps for
their application. Figure 1 presents a sum-
mary of the experimental steps.

Selection of teeth and preparation
of the dentin fragments
Sixty extracted third molars were selected
from the tooth bank of the Sao Leopoldo
Mandic Institute and Research Center.
They were free of carious lesions, restora-
tions, and cracks. They were stored in
0.1% thymol, cleaned with periodontal
curettes (Duflex, SS White), and polished
with a polishing stone (SS White) and a
Robinson brush (Microdont).

The human third molars were cut
at the cementoenamel junction with a
diamond disc mounted on a precision
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Fig 1. Experimental steps. A. Preparation of fragments of root dentin. B. Polishing of the buccal surface of 3 x 3 x 2-mm fragment. C. Impermeabilization of all
fragment surfaces except the buccal aspect. D. Erosive procedures. E. Toothbrushing cycles. F. Application of the adhesive systems. G. Composite resin restoration.
H. Preparation of dentin—bonded composite resin sticks for microtensile testing. I. Microtensile testing performed on a universal testing machine until fracture.

electric saw (IsoMet 1000 Precision
Diamond Saw, Buehler). Sectioning
resulted in 60 root dentin slabs with a
dimension of 3 x 3 x 2 mm. The frag-
ments were subsequently planed and pol-
ished with a rotating polisher (Aropol 2V,
Arotec SA) and aluminum oxide sand-
paper (Imperial Wetordry, 3M ESPE), in
order of increasing fineness (400, 600,
and 1000 grit).

Erosive wear protocol

All surfaces of the samples except the
buccal surface were impermeabilized
with nail varnish prior to the wear stage.
Erosive wear was simulated according

to the protocol proposed by Vanuspong
et al, in which teeth were immersed in a
0.3% citric acid solution, buffered to a
pH of 3.2.% Each specimen was individu-
ally immersed in 10 mL of the solution
under magnetic agitation for 30 minutes.
The specimens were then rinsed in dis-
tilled water, dried with absorbent paper,
and stored in artificial saliva (remineral-
izing solution) for 24 hours at 37°C.

Toothbrushing cycles
The total number of brushing cycles was
1000 per test specimen. According to
Goldstein & Lerner, 10,000 cycles are
equivalent to 1 year of toothbrushing.?®
However, for abraded dentin surfaces,
1000 cycles are sufficient.”” The load
applied was 200 g, simulating the force
applied during oral hygiene procedures.
One toothbrush (batch 166605; Johnson
& Johnson) was used for each test speci-
men. The toothbrush had an angulated
head and handle and soft, rounded tufts.
The toothbrushing cycles were per-
formed in a brushing machine (Equilabor)
on the buccal surfaces of the specimens.
The appropriate slurry for the assigned
group was used. For each specimen in
the arginine-containing and arginine-free
toothpaste groups, the slurry consisted of
50 g of toothpaste and 150 g of distilled
water (ie, a 1:3 ratio), which is similar to
that used daily in the intraoral environ-
ment.”?! For the negative control group,
the toothpaste slurry was replaced with
200 mL of artificial saliva (Table 1).

Restoration procedure

Following completion of the brushing
cycles, the adhesive systems were applied
to the buccal surfaces of the specimens
according to their experimental group and
as directed by the manufacturer’s instruc-
tions (Table 2). A 6-mm-high block of
composite resin (Filtek Z100) was then
built up in increments of 2 mm. Each
increment was light cured for 40 seconds
with a halogen curing light (Demetron
Research Corp) at 450 mW/cm?, as
measured by a radiometer (Newdent).
The specimens were then stored in an
incubator at 100% relative air humidity
for 24 hours.

Preparation of the test specimens
for microtensile testing

The prepared test specimens were individ-
ually fixed to acrylic plates (5 x 5 x 4 mm),
using first an adhesive glue (Loctite Super
Bonder, Henkel Corporation) and then
tacky wax (Asfer Inddstria Quimica). This
test set was appropriately fixed to a preci-
sion saw (IsoMet 1000 Precision Diamond
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Saw), and a high-concentration diamond
disc was used to serially cut the specimens
from the composite resin to the dentin
perpendicular to its long axis, at both

the x-axis and y-axis, with a distance of

1 mm between sections. The specimens
were then removed from the precision
saw and the acrylic plate so that the
dentin—bonded composite resin specimens
(sticks) of 1 mm? could be selected. On
sectioning, 4-6 sticks were obtained from
each fragment.

Microtensile testing

The specimens were fixed by their ends
to the grip device of a universal testing
machine (EMIC DL2000, Instron Brasil
Equipamentos Cientificos Ltda), aided by
cyanoacrylate glue. Traction was applied
at a speed of 0.5 mm/min until failure.
The strength values were recorded in kilo-
grams-force. The load needed to fracture
the specimens was calculated in megapas-
cals after the adhesive area was measured
with a digital gauge (Starrett 727-6/150,
The L.S. Starrett Company).

Evaluation of the failure pattern
and interface via scanning
electron microscopy
The specimen surfaces were visually
examined with a stereoscopic loupe
(Eikonal do Brasil) to classify the failure
pattern: type 1, adhesive failure between
the adhesive and the dentin; type 2, par-
tial adhesive failure between the adhesive
and the dentin as well as partial cohesive
failure in the adhesive; type 3, total cohe-
sive failure of the adhesive system; type
4, partially cohesive failure in the dentin;
type 5, partially cohesive failure in the
composite resin.

Two slices of each tooth were kept for
scanning electron microscopy (SEM)
to allow characterization of the tooth-
restoration interface. The slices were
polished with water-cooled sandpaper in
order of increasing fineness (400, 600,
and 1200) followed by diamond paste in
order of decreasing particle size (6.0, 3.0,
1.0, and 0.5 pm) on a mineral oil-cooled
cotton cloth wheel. The specimens were
thoroughly rinsed and demineralized in
6 N hydrochloric acid for 30 seconds,
rinsed again, deproteinized in 2.5%
sodium hypochlorite for 10 minutes, and
dehydrated in a series of alcohol solutions

Table 3. Mean (SD) bond strengths (in MPa) of the experimental groups.

Brushing group
Artificial saliva

Avrtificial saliva Self-etch
Arginine-free toothpaste
Arginine-free toothpaste Self-etch
Arginine-containing toothpaste

Arginine-containing toothpaste Self-etch

Adhesive system

Etch-and-rinse

Etch-and-rinse

Etch-and-rinse

Tensile bond strength
13.98 (7.73)
13.25 (6.80)
12.66 (5.17)
14.49 (6.33)
14.22 (7.47)

11.91 (3.81)

There are no statistically significant differences between the toothpastes, adhesive systems, or interactions
between toothpaste and adhesive (P> 0.05; 2-way analysis of variance).

at 25%, 50%, 75%, and 100%. The
specimens were then chemically dried in
HMDS (hexamethyldisilazane) for 10
minutes, mounted on aluminum stubs,
gold coated, and examined under a scan-
ning electron microscope (JEOL 5900LYV,
JEOL Ltd).

Statistical analysis

The data relating to bond strength were
analyzed with a 2-way analysis of variance.
The failure patterns were reported descrip-
tively. The significance level adopted was
5%, and the statistical calculations were
performed with SPSS statistical software,
version 20 (IBM Corporation).

Results
Statistical analysis of the mean micro-
tensile bond strengths of the groups did
not reveal any significant differences
(P> 0.05) between the toothpastes,
adhesive systems, or interactions between
toothpaste and adhesive in bond strength
to eroded dentin (Table 3). Adhesive fail-
ures were predominant in all groups.
Figures 2 and 3 represent SEMs from
the hybrid layer at the tooth-restoration
interface following treatment of eroded
dentin with an arginine-containing
toothpaste, an arginine-free toothpaste,
or artificial saliva. The SEM images from
the groups restored with an etch-and-rinse
adhesive system confirmed the forma-
tion of a uniform hybrid layer with resin
plugs and numerous tags (Fig 2). The
SEM images from the groups restored
with a 2-step self-etching adhesive system
revealed the presence of resin tags and
lateral resin extensions (Fig 3).

Discussion
Dentinal sensitivity presents as a short,
sharp pain that results from a pulpal
response to stimuli at the exposed dentin
and that cannot be attributed to any other
dental pathosis. The stimuli could be
thermal, tactile, osmotic, or chemical.’>3
The pain generally occurs when the root
surface is exposed by gingival recession,
which may be a natural, age-related
phenomenon; however, the exposure is
typically associated with either aggressive
toothbrushing or periodontal disease.
According to Brinnstrom, dentinal sen-
sitivity features fluid movement within
the dentinal tubules, leading to sensory
activation of nerve cells in the pulp and
thereby causing pain.®*¥

The treatment of dentinal sensitivity
includes the use of desensitizers, which
is based on the interruption of the neural
response to stimuli; this interruption
is accomplished through occlusion of
the exposed dentinal tubules, which
inactivates the pain signals.” Pro-Argin
technology, which uses 8% arginine and
calcium carbonate, has proven effective
in occluding the dentinal tubules.’*?
Such technology may yield good results,
since arginine and calcium occur natu-
rally in saliva, and the combination of
the 2 accelerates deposition of calcium
and phosphate, and therefore occlusion
of the tubules, creating a fine protec-
tive layer over the dentin and effectively
reducing sensitivity.?¢*2

An alternative treatment for sensi-
tive dentin is restoration of lesions with
composite resin.'”"” The present study
aimed to investigate the bond strength
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Fig 2. Scanning electron micrographs of groups restored with the etch-and-rinse system (Adper Single Bond) confirm the formation of a uniform hybrid layer, resin plugs,
and tags, regardless of the toothpaste used. A. Brushing with artificial saliva. B. Brushing with arginine-free toothpaste. C. Brushing with arginine-containing toothpaste.
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Fig 3. Scanning electron micrographs of groups restored with a 2-step self-conditioning adhesive system (Clearfil SE Bond) confirm the formation of resin tags and lateral
extensions, regardless of the toothpaste used. A. Brushing with artificial saliva. B. Brushing with arginine-free toothpaste. C. Brushing with arginine-containing toothpaste.

of different adhesive strategies to eroded
dentin. The study protocol included simu-
lation of lesions that cause dentinal sensi-
tivity and subsequent cycles of brushing
with an arginine-containing toothpaste.?”
Dentin exposure to citric acid at pH 3.2,
with or without magnetic agitation, results
in exposed dentinal tubules. Furthermore,
exposing dentin to artificial saliva, even
for periods longer than 24 hours, does not
lead to the occlusion of the tubules.”” The
process of tooth wear used by Absi et al
resulted in a dentin surface similar to that
of sensitive dentin in vivo.®*% The present
study used the same protocol to guarantee
that the substrate used was in fact eroded
dentin, thus simulating the phenomenon
of dentinal sensitivity.

The results of the present study did not
demonstrate that arginine-containing
toothpaste had a significant effect on
the bond strength of eroded dentin
compared to arginine-free toothpaste
and artificial saliva. Therefore, the null
hypothesis was accepted. These findings

corroborate those of other studies both
in human dentin and ename].®¢

Likewise, no difference in performance
was observed between an etch-and-rinse
adhesive and a self-etching adhesive sys-
tems. Etch-and-rinse adhesive systems that
use phosphoric acid remove the mineral
phase of dentin.”” Despite the moderate
acidity of the etch-and-rinse adhesive
system used (pH 4.3), the etching stage
removed the smear layer, demineralized
the superficial dentin, and exposed the
collagen matrix.®*° This process also
removed the arginine layer that had been
deposited over the dentin, as demonstrated
by the penetration of resin monomers
in the tubules. The SEMs of specimens
prepared with the conventional system
illustrated and confirmed the formation of
a uniform hybrid layer with resin plugs and
numerous tags, which are characteristics of
such systems (Fig 2).

The self-etching system used in the
present study, Clearfil SE Bond, features
moderate acidity (pH 2.1), which is

capable of demineralizing a superficial
layer of dentin, creating a porous surface
needed for hybridization by microme-
chanical interlocking.* Additionally,

the presence of the monomer 10-meth-
acryloyloxydecyl dihydrogen phosphate
optimizes a chemical interaction with
free calcium (Ca?*), which may have con-
tributed toward the maintenance of bond
strength values. The likely solubilization
of the arginine and calcium carbonate
layer may have reopened the dentinal
tubules, thus allowing the formation

of resin tags.” It is suggested that such
characteristics may have been responsible
for the similar values of bond strength

to those of the conventional adhesive in
this study as well as the bonding to the
eroded substrate that had undergone
brushing with arginine-containing
toothpaste. Other authors have also
reported similar values between both
adhesive strategies (etch-and-rinse and
self-etching), despite the difference in the
substrate used.’"*? The SEMs revealed
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that the 2-step self-etching adhesive
system promoted the formation of resin
tags and lateral extensions, typical of this
bonding system (Fig 3).

The failure patterns observed were
predominantly adhesive in all groups,
corroborating previous findings.”® In the
earlier study, failures of bonding to eroded
substrate were also predominantly of the
adhesive type, although the pretreatment
used was different from the pretreatment
used in the present study. It is believed
that eroded dentin promotes predomi-
nantly adhesive failure.

Conclusion

An arginine-containing toothpaste did not
interfere with the bond strength of either
a self-etching or a conventional etch-and-
rinse adhesive system to eroded dentin,
providing evidence that use of an arginine-
containing toothpaste for the treatment
of eroded dentin would not affect restora-
tions placed clinically.

Author information

Dr Bergamin is a research assistant,

Dr Bridi is a doctoral student, and

Drs Amaral, Turssi, Basting, and Franca
are professors, Department of Restorative
Dentistry, Sio Leopoldo Mandic Institute
and Dental Research Center, Campinas,
Brazil. Dr Aguiar is a professor, Piracicaba
School of Dentistry, University of
Campinas, Brazil.

References

. Orchardson R, Gangarosa LP Sr, Holland GR, et al.
Dentine hypersensitivity—into the 21st century. Arch
Oral Biol. 1994;39(Suppl):1135-119S.

. Bal J, Kundalgurki S. Tooth sensitivity prevention and
treatment. Oral Health. 1999;89(2):33-34, 37-38, 41.

. Olusile AO, Bamise CT, Oginni AO, Dosumu 0O.

Short-term clinical evaluation of four desensitizing

agents. J Contemp Dent Pract. 2008;9(1):22-29.

Ladalardo TC, Pinheiro A, Campos RA, et al. Laser

therapy in the treatment of dentine hypersensitivity.

Braz Dent J. 2004;15(2):144-150.

. West NX. The dentine hypersensitivity patient—a total
management package. /nt Dent J. 2007;57(6 Suppl 1):
411-419.

. Bissada NF. Symptomatology and clinical features of
hypersensitive teeth. Arch Oral Biol. 1994;39(Suppl):
31S-325.

. Amaechi BT, Higham SM, Edgar WM. Techniques for
the production of dental eroded lesions in vitro. / Ora/
Rehabil. 1999;26(2):97-102.

. Eisenburger M, Hughes J, West NX, Jandt KD, Addy M.
Ultrasonication as a method to study enamel deminer-
alisation during acid erosion. Caries Res. 2000;34(4):
289-294.

N

w

~

(€]

[=)]

~

(o]

20.

2

22.

23.

24.

25.

26.

27.

. Garcia-Godoy F. Dentin hypersensitivity: the effects of

an arginine-calcium carbonate and fluoride desensitiz-
ing dentifrice. Am J Dent. 2010;23(Spec No. A):2A.

. Renton-Harper P, Midda M. NdYAG laser treatment of

dentinal hypersensitivity. Br Dent J. 1992;172(1):13-
16.

. Miller S, Truong T, Heu R, Stranick M, Bouchard D, Gaf-

far A. Recent advances in stannous fluoride technolo-
gy: antibacterial efficacy and mechanism of action
towards hypersensitivity. /nt Dent J. 1994;44 (1 Suppl
1):83-98.

. Walters PA. Dentin hypersensitivity: a review. / Con-

temp Dent Pract. 2005;6(2):107-117.

. Orchardson R, Gillam DG. Managing dentin hypersen-

sitivity. /Am Dent Assoc. 2006;137(7):990-998.

. Cummins D. Dentin hypersensitivity: from diagnosis to

a breakthrough therapy for everyday sensitivity relief.
J Clin Dent. 2009;20(1):1-9.

. Petrou |, Heu R, Stranick M, et al. A breakthrough ther-

apy for dentin hypersensitivity: how dental products
containing 8% arginine and calcium carbonate work
to deliver effective relief of sensitive teeth. J Clin Dent.
2009;20(1):23-31.

. Grippo JO. Noncarious cervical lesions: the decision to

ignore or restore. / Esthet Dent. 1992;4(Suppl):55-64.

. Eick JD, Gwinnet AJ, Pashley DH, Robinson SJ. Current

concepts on adhesion to dentin. Crit Rev Oral Biol
Med. 1997;8(3):306-335.

. Ferrari M, Goracci G, Garcia-Godoy F. Bonding mecha-

nism of three "one-bottle” systems to conditioned and
unconditioned enamel and dentin. Am J Dent. 1997;
10(5):224-230.

. Perdigdo J, Ramos JC, Lambrechts P. In vitro interfacial

relationship between human dentin and one-bottle
dental adhesives. Dent Mater. 1997;13(4):218-227.
Uno S, Finger WJ. Function of the hybrid zone as a
stress-absorbing layer in resin-dentin bonding. Quin-
tessence Int. 1995;26(10):733-738.

. Ausiello P, Apicella A, Davidson CL, Rengo S. 3D finite

element analyses of cusp movements in a human up-
per premolar, restored with adhesive resin-based com-
posites. J Biomech. 2001;34(10):1269-1277.

Ausiello P, Apicella A, Davidson CL. Effect of adhe-
sive layer properties on stress distribution in compos-
ite restorations—a 3D finite element analysis. Dent
Mater. 2002;18(4):295-303.

Belli S, Eskitascioglu G, Eraslan O, Senawongse P, Ta-
gami J. Effect of hybrid layer on stress distribution in a
premolar tooth restored with composite or ceramic
inlay: an FEM study. J Biomed Mater Res B Appl Bio-
mater. 2005;74(2):665-668.

Pegado RE, do Amaral FL, Flério FM, Basting RT. Effect
of different bonding strategies on adhesion to deep
and superficial permanent dentin. £ur J Dent. 2010;
4(2):110-117.

Van Landuyt KL, Snauwaert J, De Munck J, et al.
Systematic review of the chemical composition of
contemporary dental adhesives. Biomaterials. 2007,
28(26):3757-3785.

McKnight-Hanes C, Whitford GM. Fluoride release
from three glass ionomer materials and the effects of
varnishing with or without finishing. Caries Res. 1992;
26(5):345-350.

Vanuspong W, Eisenburger M, Addy M. Cervical tooth
wear and sensitivity: erosion, softening and reharden-
ing of dentine; effects of pH, time and ultrasonication.
J Clin Periodontol. 2002;29(4):351-357.

28.

29.

30.

3

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

42.

Goldstein GR, Lerner T. The effect of toothbrushing on
a hybrid composite resin. J Prosthet Dent. 1991;66(4):
498-500.

Turssi CP, Messias DC, Hara AT, Hughes N, Garcia-
Godoy F. Brushing abrasion of dentin: effect of dilu-
ent and dilution rate of toothpaste. Am J Dent. 2010;
23(5):247-250.

Duke SA, Forward GC. The conditions occurring in vivo
when brushing with toothpastes. Br Dent J. 1982;
152(2):52-54.

. Worschech CC, Rodrigues JA, Martins LR, Ambrosano

GM. Brushing effect of abrasive dentifrices during
at-home bleaching with 10% carbamide peroxide on
enamel surface roughness. J Contemp Dent Pract.
2006;(1)7:25-34.

Dowell P, Addy M. Dentine hypersensitivity—a review.
Aetiology, symptoms and theories of pain production.
J Clin Periodontol. 1983;10(4):341-350.

Assis JS, Rodrigues LK, Fonteles CS, Colares RC, Souza
AM, Santiago SL. Dentin hypersensitivity after treat-
ment with desensitizing agents: a randomized, dou-
ble-blind, split-mouth clinical trial. Braz Dent /. 2011;
22(2):157-161.

Brénnstrom M. A hydrodynamic mechanism in the
transmission of pain-produced stimuli through the
dentine. In: Anderson DJ, ed. Sensory Mechanisms in
Dentine. Oxford, England: Pergamon Press; 1963:73-
79.

Pereira JC, Martineli ACBF, Santiago SL. Treating hyper-
sensitive dentin with three different potassium oxa-
late-based gel formulations: a clinical study. / App/
Oral Sci. 2001;9(3-4):123-130.

Ayad F, Ayad N, Zhang YP, DeVizio W, Cummins D, Ma-
teo LR. Comparing the efficacy in reducing dentin hy-
persensitivity of a new toothpaste containing 8.0%
arginine, calcium carbonate, and 1450 ppm fluoride to
a commercial sensitive toothpaste containing 2% po-
tassium ion: an eight-week clinical study on Canadian
adults. / Clin Dent. 2009;20(1):10-16.

Docimo R, Montesani L, Maturo P, et al. Comparing
the efficacy in reducing dentin hypersensitivity of a
new toothpaste containing 8.0% arginine, calcium
carbonate, and 1450 ppm fluoride to a commercial
sensitive toothpaste containing 2% potassium ion:
an eight-week clinical study in Rome, Italy. J Clin
Dent. 2009;20(1):17-22.

Olley RC, Pilecki P, Hughes N, et al. An in situ study
investigating dentine tubule occlusion of dentifrices
following acid challenge. J Dent. 2012;40(7):585-593.
Schiff T, Delgado E, Zhang YP, Cummins D, DeVizio
W, Mateo LR. Clinical evaluation of the efficacy of an
in-office desensitizing paste containing 8% arginine
and calcium carbonate in providing instant and last-
ing relief of dentin hypersensitivity. Am J Dent. 2009;
22(Spec No. A):8A-15A.

QueK, FuY, Lin L, et al. Dentin hypersensitivity reduc-
tion of a new toothpaste containing 8.0% arginine
and 1450 ppm fluoride: an 8-week clinical study on
Chinese adults. Am J Dent. 2010;23(Spec No. A):28A-
35A.

. HeT, Chang J, Cheng R, Li X, Sun L, Biesbrock AR.

Clinical evaluation of the fast onset and sustained
sensitivity relief of a 0.454% stannous fluoride denti-
frice compared to an 8.0% arginine-calcium carbon-
ate-sodium monofluorophosphate dentifrice. Am J
Dent. 2011;24(6):336-340.

Elias Boneta AR, Ramirez K, Naboa J, et al. Efficacy in
reducing dentine hypersensitivity of a regimen using a
toothpaste containing 8% arginine and calcium

72 January/February 2016

General Dentistry

www.agd.org



43.

44.

45.

46.

47.

carbonate, a mouthwash containing 0.8% arginine,
pyrophosphate and PYM/MA copolymer and a tooth-
brush compared to potassium and negative control
regimens: an eight-week randomized clinical trial. /
Dent. 2013;41(Suppl 1):542-549.

Absi EG, Addy M, Adams D. Dentine hypersensitivity: a
study of the patency of dentinal tubules in sensitive
and non-sensitive cervical dentine. J Clin Periodontol.
1987;14(5):280-284.

Absi EG, Addy M, Adams D. Dentine hypersensitivity:
the development and evaluation of a replica technique
to study sensitive and non-sensitive cervical dentine. /
Clin Periodontol. 1989;16(3):190-195.

Wang Y, Liu S, Pei D, Du X, Ouyang X, Huang C. Effect
of an 8.0% arginine and calcium carbonate in-office
desensitizing paste on the microtensile bond strength
of self-etching dental adhesives to human dentin. Am
J Dent. 2012;25(5):281-286.

Garcia-Godoy A, Garcia-Godoy F. Effect of an 8.0%
arginine and calcium carbonate in-office desensitizing
paste on the shear bond strength of composites to
human dental enamel. Am J Dent. 2010;23(6):324-
326.

Ozer F. Blatz MB. Self-etch and etch-and-rinse adhe-
sive systems in clinical dentistry. Compend Contin
Educ Dent. 2013;34(1):12-14, 16, 18.

48.

49.

50.

N

52.

53.

Yoshioka M, Yoshida Y, Inoue S, et al. Adhesion/decal-
cification mechanisms of acid interactions with human
hard tissues. J Biomed Mater Res. 2002;59(1):56-62.

Van Meerbeek B, De Munck J, Yoshida Y, et al. Buono-

core memorial lecture. Adhesion to enamel and dentin:

current status and future challenges. Oper Dent. 2003;
28(3):215-235.

Xuan W, Hou BX, L0 YL. Bond strength of different
adhesives to normal and caries-affected dentins. Chin
Med J (Engl). 2010;123(3):332-336.

. Erhardt MC, Toledano M, Osorio R, Pimenta LA. His-

tomorphologic characterization and bond strength
evaluation of caries-affected dentin/resin interfaces:
effects of long-term water exposure. Dent Mater.
2008;24(6):786-798.

Botelho Amaral FL, Martdo Florio F, Bovi Ambrosano
GM, Basting RT. Morphology and microtensile bond
strength of adhesive systems to in situ-formed caries-
affected dentin after the use of a papain-based che-
momechanical gel method. Am J Dent. 2011,24(1):
13-19.

Ramos TM, Ramos-Oliveira TM, de Freitas PM, et al.
Effects of Er:YAG and Er,Cr:YSGG laser irradiation on
the adhesion to eroded dentin. Lasers Med Sci. 2015;
30(1):17-26.

www.agd.org

General Dentistry

A AGDPODCAST
e

with Gordon
Christensen, DDS

January/February 2016

73



