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ABSTRACT: Purpose: This meta-analysis was conducted to evaluate if strontium-acetate- and arginine-containing
dentifrices can significantly reduce dentin hypersensitivity (DH). Methods: A systematic literature search was
performed. The investigation period was from 2006 to 2015 with the search term "dentin hypersensitivity". Nine
original articles were relevant. A network meta-analysis of combined z scores was performed. Pooled results from
random effects models with their 95% confidence intervals are reported. Results: The results from the random effects
network meta-analysis show a significant improvement for the agents strontium acetate, arginine, and arginine with
whitener, at all times for all stimuli, in comparison with the placebo. Strontium chloride is equivalent to the placebo.
None of the dentifrices had a negative effect on DH. This meta-analysis showed that strontium-acetate- and arginine-
containing dentifrices can significantly reduce DH. Calcium sodium silicate and potassium nitrate formulas show a
tendency for pain relief. Because of the limited power of the available studies, a randomized study with several agents is
recommended. (Am J Dent 2017;30:221-226).

CLINICAL SIGNIFICANCE: The aim of the treatment of dentin hypersensitivity (DH) is pain relief. Dentifrices with
formulations of strontium acetate, of arginine or of arginine with whitener seem to have a good impact in the therapy of
DH and can be recommended for daily use.
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Introduction

Dentin hypersensitivity is described as a short sharp pain
attributable to an external stimulus, which can be thermal,
evaporative, tactile, chemical or osmotic and cannot be ascribed
to any other form of dental defect, disease or pathology.' This
occurs on root surfaces or coronal dentin exposed by attrition,
abrasion or erosion of the overlying enamel. Periodontal
disease, orthodontic treatment or mechanical trauma can result
in the removal of the overlying soft tissue from the root surface.
The resulting pain is explained by the so-called hydrodynamic
theory:® pain sensations, which exhibit great inter-individual
variability, result from a fluid shift in the dentin tubules and the
consequent stimulation of free nerve endings inside the pulp-
dentin complex. Dentin hypersensitivity is a widespread
problem. Prevalence estimates range as high as 74%.> Most
studies, however, report estimates between 10-30%.* During
the last few years, numerous treatments to minimize hyper-
sensitivity reactions have been proposed, differing greatly in
invasiveness and cost. They range from the use of toothpastes
and mouthwashes, gels and topically applied coatings, adhesive
bondings and composite coverage up to endodontic treatment
or surgical recession coverage.” Some treatments can be applied
by the patient, whereas others must be performed by a dental
practitioner. Several review articles * have previously been
published, providing information about the effectiveness of the
particular treatment methods.

In recent years, however, a clear trend for the development
of new formulations of toothpastes for dentin hypersensitivity
has become apparent. Toothpastes are the most widespread tool
used for the treatment of sensitive teeth.® In particular, arginine
and calcium sodium phosphosilicates are considered promising
approaches. This systematic review provides an overview con-

cerning the effectiveness of newly developed formulations for
dentifrices, including the formulations containing arginine or
calcium sodium phosphosilicate that have recently been
introduced on the market.”

Arginine is an amino acid found in toothpastes in com-
bination with bicarbonate and calcium carbonate. These
formulations contain 8% arginine and calcium carbonate and
1,450 ppm fluoride as sodium monofluorophosphate. Exposed
dentin tubules have been shown to be blocked and sealed by
these agents.'” A clinical study indicated their effectiveness in
the treatment of dentin hypersensitivity and in vitro studies
have demonstrated their ability to seal dentin tubules."’

Calcium sodium phosphosilicate is a bioactive glass that
was originally developed for bone regeneration and is char-
acterized by high biocompatibility.'* This material reacts with
liquids and is able to deposit hydoxycarbonate-apatite. It is
chemically similar to the apatites contained in enamel and
dentin."”” Added to a dentifrice, apatite is deposited onto the
dentin surface and provides mechanical closure of the dentin
tubules.'* The aim of this systematic review and network meta-
analysis has been to investigate the potential benefits of
arginine and calcium sodium phosphosilicate in comparison
with previously available formulations.

Materials and Methods

Chosen studies - Studies that were considered eligible had to be
randomized or non-randomized controlled clinical trials (RCT
or CCT), published between 2006 and 2015 in English
language journals, comparing new formulation toothpastes for
the treatment of dentin hypersensitivity with established
toothpastes or placebo preparations as controls in a parallel
group design. At least 30 subjects of any age and gender had to
be included per treatment group and followed-up for a mini-
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mum period of 6 weeks. Participating subjects should not have
suffered from any form of dental pathology other than dentin
hypersensitivity. Eligible treatments were arginine plus calcium
carbonite (ACC) or calcium sodium phosphosilicate (CSS) in
comparison to potassium nitrate (KNO;), strontium acetate
[(CH3COO),Sr,], strontium chloride (SrCl,), tin fluoride (SnFI)
or a placebo (using the same formulation of the dentifrice
minus the active ingredient). Pain-inducing stimuli could be
thermal, evaporative or tactile. Pain outcomes had to be
measured either on a visual analogue scale (VAS) or by
dolorimetry.

To identify the relevant publications, we searched PubMed,
Embase, the Cochrane Register of Controlled Trials, the
National Research Register and the Cochrane Oral Health
Group's Trials Register by using the search term "dentin
hypersensitivity". The search for "dentin hypersensitivity"
resulted in 3,109 hits (Fig. 1).

Two independent reviewers screened the hits according to
the criteria indicated above. After screening, 13 original works
remained. Since only nine of these 13 articles dealt with ACC
and/or CSS, the remaining four were excluded.

The same two independent reviewers extracted information
regarding treatments and outcome measurements. The extracted
data were recorded in an Excel worksheet.

Statistical methods - We classified study results into short-,
mid- and long-term outcomes (ascertained at t = 2 weeks, 5 + 1
weeks and 10 + 2 weeks, respectively).

Because of the wide range of pain stimuli (tactile, thermal,
evaporative) and measurement methods (VAS, dolorimetry),
we transformed all outcome measurements to z scores based on
the arithmetic mean and standard deviation of the respective
baseline measurements. Thus, all clinical measurements were
expressed as differences from the baseline averages by using
the baseline standard deviation as the measurement unit.
Negative z scores represent better clinical outcomes.

If the original papers were unclear about the variability of
results during the follow-up examinations, we imputed a
standard deviation of 1 for the z scores.

In a second step, we created a combined outcome measure
by averaging the z scores for the outcomes reported in the
respective studies. The standard error for this combined
outcome measure was calculated from the standard errors of the
original z scores by using the delta method.

The network meta-analysis of the combined z scores was
performed by using the R package netmeta version 0.8-0 (Gerta
Riicker, Guido Schwarzer, Ulrike Krahn, and Jochen Konig,
2015. netmeta: Network Meta-Analysis Using Frequentist
Methods. R package version 0.8-0. http://CRAN.R-project.org/
package=netmeta). Network graphs were used to illustrate the
evidence base available for the respective time points. In this
method, an edge linking two treatments stands for at least one
study comparing these two therapies directly. The width of the
edges is proportional to the inverse of the standard errors of the
respective effect estimates. Thus, wider edges indicate more
reliable estimates. Any heterogeneity/inconsistency of the
results was assessed by means of the I-squared statistic and the
respective P value of the Q test for heterogeneity. Using forest
plots, pooled results from random effects models with their
95% confidence intervals were reported.
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Results

Table 1 summarizes the main characteristics and raw results
of the included studies. The studies selected were conducted in
Canada, China, Italy, USA and the United Kingdom. The num-
ber of patients ranged from 66" to 121.'° The studies were
conducted in universities, in military facilities and in private
practices. All studies were funded by pharmaceutical companies.

Table 2 shows the z scores calculated from the raw data.
Table 3 gives the combined z scores averaged over the measure-
ments in response to the various stimuli under investigation.

Figure 2 shows the network graphs for the evidence base at
times t= 2 weeks, 4 to 6 weeks and 8 to 12 weeks. The I-
squared values at these time points were 82.9% (Q= 23.44, df=
4, P=0.0001), 93.2% (Q= 58.93, df= 4, P< 0.0001) and 97.8%
(Q= 91.63, df= 2, P< 0.0001), suggesting considerable
heterogeneity within the network.

The central results from the random effects meta-analysis
are summarized as forest plots in Fig. 3. The effect estimates
depicted in the plot are mean differences between the combined
z scores for the respective treatment versus the placebo.
Negative numbers indicate better clinical outcomes. At all three
time points, three treatments appeared superior to the placebo:
(CH3COO0),Sr 8% and ACC 8% with or without whitener.
Mean differences for (CH3;COO),Sr were —2.96 (95% CI: —4.68
to —1.23), —4.38 (95% CI: —6.98 to —1.78) and —6.38 (95% CI:
—10.84 to —1.93). The corresponding values for ACC 8%
without whitener were —2.44 (95% CI: -3.56 to —1.32), —-3.27
(95% CI: —4.91 to —1.63) and —4.18 (95% CI: —7.11 to —1.26).
Results for ACC 8% with whitener were similar: —2.80 (95%
CIL: —4.16 to —1.45), -3.92 (95% CI: —5.89 to —1.95) and —4.72
(95% CI: —8.00 to —1.44). No evidence supported any of the
other active treatments.

Discussion

Dentin hypersensitivity is defined as a short pain which
occurs in teeth with exposed dentin and which is caused by
mechanical, tactile, thermal, evaporative, osmotic or chemical
stimuli. The concerned teeth have no other defect or pathology.
The prevalence is described in the literature with a wide range
of 42-74%.'7*°

The increase is caused, on the one hand, by the higher life
expectancy linked with the desire to retain one’s own teeth and,
on the other hand, by eating habits with erosive and abrasive
foods.”' Dentin hypersensitivity represents, for many patients, a
certain impaired quality of life.”

The pathological mechanism can be explained by the
hydrodynamic theory. Fluid inside the dentin tubules is set into
motion at the exposed dentin by the above stimuli. The
resulting excitation of nerve endings and the forwarding of this
excitation to the central nervous system causes pain. This is still
the most recognized theory of the phenomenon of dentin
hypersensitivity.*

However, a prerequisite is always exposed dentin. The
causes of the exposure are multifactorial. Both mechanical
effects by improper brushing and especially by erosive sub-
stances are critically discussed.***** Moreover, scaling and root
planing in the treatment of periodontitis can be blamed for the
emergence of dentin hypersensitivity.?
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Table 1. Raw results from the clinical trials included in the network meta-analysis. Results are reported as means and standard deviations (SD) for the different
outcome variables at various follow-up times after different stimuli (TC = tactile, TH = thermal, EV). “NA” indicates that the standard deviation was not
available from the publication.

Treatment (no. of subjects)

Outcome Time  Mean SD Mean SD Mean SD
Author, year A B C Stimulus measurement (weeks) A A B B C C
Litkowski 2010 CSS 2.5% CSS 7.5% Placebo TC VAS 0 48.40 1032 4920 1032 4750  10.79
(22) (22) (22) (0-100 mm) 2 3480 NA 28.10 NA 42.40 NA
4 29.80 NA 21.70  NA 33.80 NA
8 30.80 NA 1320 NA 31.00 NA
TH VAS) 0 50.00 797 49.40 844  48.70 8.91
0-100 mm 2 4490 NA 4550 NA 46.10 NA
4 3550 NA 4500 NA 41.90 NA
8 3450 NA 4470  NA 34.20 NA
Que 2010 ACC 8.0% with ACC 8.0% Placebo TC Dolorimetry 0 16.38 7.51  15.00 6.89  16.59 7.54
whitener (40) (40) (41) (10-50 grams) 2 36.50 1226 3575 1191 2220 10.37
4 45.50 6.58  44.62 779 26.59 11.64
8 48.50 4.11  48.00 491  30.12 12.57
EV Scale (0-3) 0 2.13 0.29 2.13 0.32 2.13 0.34
2 1.18 0.56 1.16 0.68 1.99 0.45
4 0.75 0.55 0.76 0.64 1.82 0.38
8 0.44 0.56 0.38 0.52 1.72 0.46
Sharma 2010 KNO; 5.0% SnF10.4% CSS 7.5% TH VAS (0-10 cm) 0 5.78 1.12 5.68 1.05 5.60 0.98
(40) (40) (40) 2 3.83 1.57 4.18 1.38 2.88 0.91
4 2.93 1.10 2.95 0.99 1.68 0.66
12 1.20 0.97 0.85 0.86 0.53 0.68
EV VAS (0-10 cm 0 5.85 1.03 5.83 1.01 5.73 0.99
2 3.80 1.32 4.10 1.13 3.15 0.92
4 2.98 0.80 3.18 1.01 1.80 0.91
12 0.95 0.88 0.75 0.93 0.73 0.78
Hughes 2010 (CH;CO0),Sr; 8.0% ACC 8.0% TC Dolorimetry 0 10.60 2.05 10.80 2.93
(39) 39) (10-50 grams) 2 16.80 NA 1550 NA
4 24.50 NA  21.20 NA
8 33.80 NA 2690 NA
EV Scale (0-3) 0 2.40 0.42 2.40 0.45
2 2.00 NA 2.00 NA
4 0.80 NA 0.70 NA
8 0.10 NA 0.20 NA
EV VAS 0 43.10  23.13 4340 23.12
(0-100 mm) 2 33.90 NA  35.80 NA
4 25.80 NA  27.70 NA
8 17.70 NA 2240 NA
Pradeep 2010 CSS 5% KNO; 5% Placebo TH VAS 0 8.43 1.26 7.66 1.52 6.91 1.28
(36) 37) 37) (0-10 cm) 2 6.37 1.02 6.51 1.52 6.00 1.09
6 2.57 0.84 3.94 1.28 431 1.09
EV VAS 0 7.17 1.5 6.57 1.52 6.40 1.09
(0-10 cm) 2 4.71 1.38 5.66 1.34 5.20 1.09
6 1.97 0.84 3.66 1.09 3.83 0.73
Docimo 2009a  ACC 8.0% KNO; 5% TC Dolorimetry 0 11.75 311 11.50 3.24
(40) (40) (10-50 grams) 1 17.25 8.08  13.38 4.44
2 25.87 8.16  18.63 4.67
4 40.75 730  31.62 8.04
8 45.63 395  40.88 5.18
EV Scale (0-3) 0 2.49 0.42 2.39 0.33
1 1.98 0.63 2.05 0.39
2 1.59 0.59 1.91 0.36
4 0.89 0.82 1.21 0.37
8 0.45 0.34 0.68 0.31
Docimo 2009b  ACC 8.0% KNO;2% TC Dolorimetry 0 12.13 3.74  13.63 4.38
(40) (40) (10-50 grams) 2 26.45 6.99  19.30 6.99
4 40.98 7.87  31.52 7.87
8 45.40 530 4047 5.30
EV Scale (0-3) 0 2.49 0.37 2.51 0.40
2 1.65 0.51 2.17 0.51
4 0.92 0.56 1.35 0.56
8 0.49 0.39 0.69 0.39
Ayad 2009 ACC 8.0% KNO; 2% TC Dolorimetry 0 14.08 624  13.46 5.52
(38) 39) (10-50 grams) 2 23.12 6.87  19.90 6.87
4 36.21 6.75  29.59 6.75
8 47.34 335 39.00 3.35
EV Scale (0-3 0 2.67 0.35 2.64 0.30
2 1.86 0.41 222 0.41
4 1.09 0.35 1.54 0.35
8 0.34 0.39 0.93 0.39
Du Min 2008 CSS 5% Placebo SrCl, TH VAS 0 4.08 1.49 4.68 1.49 3.72 1.49
(25) (25) (25) (0-10 cm) 2 3.96 NA 4.80 NA 3.60 NA
6 2.40 NA 3.96 NA 2.88 NA
EV VAS 0 5.94 1.20 6.22 1.20 5.73 1.20
(0-10 cm) 2 4.70 NA 5.40 NA 4.90 NA
6 3.87 NA 4.90 NA 5.21 NA
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Table 2. Z scores derived from the raw data, based on the mean and standard deviation of the baseline measurement. Negative values indicate better clinical
outcomes. Imputed standard deviations are marked with an asterisk.

Treatment (no. of subjects) Z scores (mean + SD)
Time
Author, year A B C Stimulus ~ Outcome measurement  (weeks) A B C
Litkowski 2010 CSS 2.5% CSS 7.5% Placebo TC VAS 0 0.00 + 1.00 0.00 £ 1.00 0.00 £ 1.00
(22) (22) (22) (0-100 mm) 2 -1.32+1.00* -2.04 £ 1.00* -0.47 +1.00*
4 -1.80 + 1.00* -2.67 £ 1.00* -1.27 £ 1.00*
8 -1.71 + 1.00* -3.49 £ 1.00* -1.53 +1.00*
TH VAS 0 0.00 + 1.00 0.00 + 1.00 0.00 + 1.00
(0-100 mm) 2 -0.64 + 1.00%* -0.46 £ 1.00* -0.29 + 1.00*
4 -1.82 £ 1.00* -0.52 £ 1.00* -0.76 £ 1.00*
8 -1.94 £ 1.00* -0.56 £ 1.00* -1.63 £ 1.00*
Que 2010 ACC 8.0% ACC 8.0% Placebo TC Dolorimetry 0 0.00 + 1.00 0.00 + 1.00 0.00 + 1.00
with whitener (40) (41) (10-50 grams) 2 -2.68 +1.63 -3.01+£1.73 -1.73+£0.74
(40) 4 -3.88£0.88 -430+1.13 -1.33+1.54
8 -4.28 +0.55 -4.79 £ 0.71 -1.79 £ 1.67
EV Scale (0-3) 0 0.00 £+ 1.00 0.00 = 1.00 0.00 + 1.00
2 -3.28+1.93 -3.03+2.13 -0.41+1.32
4 -4.76 +1.90 -4.28 +2.00 -0.91 +1.12
8 -5.83+1.93 -5.47+1.63 -1.21+1.35
Sharma 2010 KNO;5.0% SnF10.4% CSS 7.5% TH VAS 0 0.00 + 1.00 0.00 £ 1.00 0.00 £ 1.00
(40) (40) (40) (0-10 cm) 2 -1.74 £1.40 -1.43 +1.31 -2.78 £0.93
4 -2.54+0.98 -2.60 +£0.94 -4.00 +0.67
12 -4.09 +0.87 -4.60 +0.82 -5.17 £ 0.69
EV VAS 0 0.00 + 1.00 0.00 + 1.00 0.00 + 1.00
(0-10 cm) 2 -1.99+£1.28 -1.71+£1.12 -2.61+£0.93
4 -2.79 +0.78 -2.62 +1.00 -3.97+0.92
12 -4.76 +0.85 -5.03+0.92 -5.05+0.79
Hughes 2010 (CH3C00),Sr, 8.0% ACC 8.0% TC Dolorimetry 0 0.00 + 1.00 0.00 £ 1.00
(10-50 grams) 2 -3.02 + 1.00%* -1.60 + 1.00*
4 -6.78 £ 1.00* -3.55+1.00%
8 -11.32 + 1.00% -5.49 + 1.00*
EV Scale (0-3) 0 0.00 + 1.00 0.00 +1.00
2 -0.95 £ 1.00* -0.89 £ 1.00*
4 -3.81 £ 1.00* -3.78 £ 1.00*
8 -5.48 £ 1.00* -4.89 £ 1.00*
EV VAS 0 0.00 + 1.00 0.00 + 1.00
(0-100 mm) 2 -0.40 + 1.00%* -0.33 £ 1.00*
4 -0.75 £ 1.00* -0.68 £ 1.00*
8 -1.10 £ 1.00* -0.91 £ 1.00*
Pradeep 2010 CSS 5% KNO; 5% Placebo TH VAS 0 0.00 + 1.00 0.00 + 1.00 0.00 £ 1.00
(36) 37) (37) (0-10 cm) 2 -1.63 £0.81 -0.76 + 1.00 -0.71 £0.86
6 -4.65+0.67 -2.45+0.84 -2.04 +0.86
EV VAS (0-10 cm) 0 0.00 + 1.00 0.00 + 1.00 0.00 + 1.00
2 -1.64 +£0.92 -0.60+ 0.88 -1.10 + 1.00
6 -3.47+0.56 -1.91+0.72 -2.35+0.67
Docimo 2009a ACC 8.0% KNO; 5% TC Dolorimetry 0 0.00 + 1.00 0.00 £ 1.00
(40) (40) (10-50 grams) 1 -1.77 £2.60 -0.58 +1.37
2 -4.54+£2.62 220+ 1.44
4 -9.32+235 -6.21 £2.48
8 -10.89 +1.27 -9.07+1.27
EV Scale (0-3) 0 0.00 + 1.00 0.00 + 1.00
1 -1.21+£1.50 -1.03+£1.18
2 -2.14 +1.40 -1.45+1.09
4 -3.81+1.95 -3.58+1.12
8 -4.86 +0.81 -5.18+£0.94
Docimo 2009b ACC 8.0% KNO; 2% TC Dolorimetry 0 0.00 + 1.00 0.00 +1.00
(40) (40) (10-50 grams) 2 -3.83+1.87 -1.29 +1.60
4 -7.71+£2.10 -4.08 +1.80
8 -8.90 + 1.42 -6.13+1.21
EV Scale (0-3) 0 0.00 + 1.00 0.00 + 1.00
2 -2.27+1.38 -0.85+1.28
4 -4.24 +1.51 -2.90 +1.40
8 -5.41+1.05 -4.55+0.98
Ayad 2009 ACC 8.0% KNO; 2% TC Dolorimetry 0 0.00 + 1.00 0.00 £ 1.00
(38) 39) (10-50 grams) 2 -1.45+1.10 -1.17+1.24
4 -3.55+1.08 -2.92+1.22
8 -533+1.05 -4.63+£0.61
EV Scale (0-3 0 0.00 + 1.00 0.00 +1.00
2 -2.31+1.17 -1.40+1.37
4 -4.51 £1.00 -3.67+£1.00
8 -6.66 +1.11 -6.66 +1.17
Du Min 2008 CSS 5% Placebo SrCl, TH VAS 0 0.00 + 1.00 0.00 + 1.00 0.00 + 1.00
(25) (25) (25) (0-10 cm) 2 -0.08 £ 1.00* +0.08 + 1.00* -0.08 £ 1.00*
6 -1.13 + 1.00* -0.48 £ 1.00* -0.56 + 1.00*
EV VAS (0-10 cm) 0 0.00 + 1.00 0.00 + 1.00 0.00 + 1.00
2 -1.03 £ 1.00* -0.68 £ 1.00* -0.69 £ 1.00*
6 -1.72 £ 1.00* -1.10 = 1.00* -0.43 £ 1.00*

Various therapeutic approaches have been established for  stimuli.’® For this purpose, a variety of coatings, solutions and
the treatment of dentin hypersensitivity. The aim is to seal the gels containing various fluoride compounds and preparations of
exposed dentin tubules and to prevent the transmission of  their combinations are available.””*® The use of mouthwashes
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Table 3. Combined z scores, averaged over the outcome variables at three follow-up time points. Negative values indicate better clinical outcomes.

Treatment (no. of subjects)

Combined Z scores (mean + SD)

Time
Author, year A B C Time (weeks) A B C
Litkowski 2010 CSS 2.5% CSS 7.5% Placebo 2 -0.98 +1.00 -1.25+1.00 -0.38 £ 1.00
(22) (22) (22) 4-6 -1.81+1.00 -1.59 +1.00 -1.02 +1.00
812 -1.83 +1.00 -2.02 +1.00 -1.58 +1.00
Que 2010 ACC 8.0% ACC 8.0% Placebo 2 -2.98+1.79 -3.02+1.94 0.17+1.35
with whitener (40) (40) (41) 4-6 -432+1.48 -4.29 +1.63 -0.21 +£1.35
8-12 -5.05+1.42 -5.13+1.26 -0.29 +1.52
Sharma 2010 KNO; 5.0% SnFl10.4% CSS 7.5% 2 -1.87+1.34 -1.57+1.22 -2.69 +0.92
(40) (40) (40) 4-6 -2.67 +0.89 -2.61 +0.97 -3.99 +0.81
812 -4.42 +0.86 -4.82 +0.87 -5.11+0.74
Hughes 2010 (CH;CO0),Sr;, 8.0% ACC 8.0% 2 -1.46 +1.00 -0.94 +1.00
39) 39) 4-6 -3.78 £ 1.00 -2.67 +1.00
812 -5.96 + 1.00 -3.76 +1.00
Pradeep 2010 CSS 5% KNO; 5% Placebo 2 -1.64 +£0.87 -0.68 +0.94 -0.90 +0.93
(36) 37) 37) 4-6 -4.06 +1.63 -2.18+0.78 -2.19+0.77
Docimo 2009a ACC 8.0% KNO; 5% 2 -3.34+2.10 -1.83+1.28
(40) (40) 4-6 -6.57+2.16 -4.89 +1.93
812 -7.88 +1.07 -7.13 +1.31
Docimo 2009b ACC 8.0% KNO; 2% 2 -3.05 + 1.64 -1.07 + 1.44
(40) (40) 4-6 -5.98 +1.83 -0.79 £ 1.00
8—12 S7.15+1.25 -5.34+1.10
Ayad 2009 ACC 8.0% KNO; 2% 2 -1.88 +1.14 -1.28 +1.31
(38) 39) 4-6 -4.03 +1.04 -3.29+1.20
812 -5.99 +0.88 -5.16 +£1.01
Du Min 2008 CSS 5% Placebo) SrCl, 2 -0.56 +1.00 -0.30 +1.00 -0.39 + 1.00
(25) (25) (25) 4-6 -1.43+£1.00 0.79 + 1.00 -0.50 +1.00

containing potassium nitrate or sodium fluoride seem to have a
positive effect.*®

The precipitation of calcium fluoride crystals leads both to
the dentin tubules being closed and to the promotion of a
certain amount of remineralization. Sealants are applied in the
dental practice and must be repeated several times. The indirect
sealing of the tubules is only temporary. If sodium fluoride is
repeatedly applied within 1 year, pain relief can be achieved in
41% of the patients.”” In other studies,”® the necessity for
multiple applications and the unstable results are described as
disadvantages of this therapy.

Furthermore, the use of lasers in the treatment of dentin
hypersensitivity is described in the literature, but only poor
results have been achieved.”

Another approach in the relief of dentin hypersensitivity is
the use of special dentifrices. An advantage is that it can be
carried out by the patient at home. Dentifrices containing e.g.
strontium or potassium nitrate for daily home use were reported
to achieve good results.”®*' Freda et al** described in their
meta-analysis a benefit of CSS either in toothpastes of
prophylaxis pastes whereas the effect with the toothpaste is
superior to the one with the prophylaxis paste. Some of the
evaluated studies were industry-sponsored.

The available data and the study designs with respect to the
impact and effectiveness of the various agents in the dentifrice
leading to a reduction of dentin hypersensitivity, however, are
extremely heterogeneous.

For this meta-analysis, only nine studies according to the
chosen inclusion criteria could be taken into account. Because
of this, we had to summarize the results of the various stimuli
for the same time points. In the present study, we found that a
significant relief of dentin hypersensitivity occurred over the
whole period for the two active components strontium and
arginine compared with the placebo.

Dentifrices containing strontium acetate cause a strong
adsorption of the strontium in calcium-containing dentin. This
leads to a stable occlusion of the dentin tubules.””** Sur-

prisingly, the present study shows a positive effect produced by
the dentifrice containing strontium acetate compared with
strontium chloride. This can be explained by the better occlu-
sion of the dentin tubule by strontium acetate than by strontium
chloride.*® The result could also be influenced by the small
power of the available studies. A comparative study of
strontium-acetate- and strontium-chloride-containing denti-
frices is thus desirable.

A new therapeutic approach in the year 2002 was the use of
preparations based on amino acids, whereby, dentin hypersen-
sitivity is treated with arginine and calcium carbonate, which
interlock into the exposed dentin tubules by a mechanical
layer.'

Based upon this finding, ProArgin Technology was
launched as a new product (Colgate Sensitive ProRelief) on the
market in 2009. The arginine containing dentifrices mechani-
cally close dentin tubules and lead to a pain relief.*> This can be
confirmed by the results of this meta-analysis. These results are
similar to those following the use of strontium-acetate-contain-
ing dentifrices. An admixture of whitener seems to have no
negative impact.

Dentifrices containing calcium sodium silicate and potas-
sium nitrate showed no significant improvement compared with
the placebo in the meta-analysis. The small study number might
also be responsible for this result. Only a tendency to reduce the
dentin hypersensitivity at all times can be seen. None of the
dentifrices included in this meta-analysis had a negative effect
on dentin hypersensitivity. Similar results were found by
Levenson.”

Recently a systematic review” compared the effectiveness
between strontium acetate and arginine-based dentifrices to
relieve dentin hypersensitivity. Magno et al'® reported, similar
to our study, a good effect for both agents, but only in one
study a superior pain relief of strontium acetate. The present
findings can be paired with the results of Yan et al*® who re-
ported the positive effect of arginine-containing toothpastes for
dentin hypersensitivity in this meta-analysis. A direct compari-



226 Grinberg et al

son in a controlled randomized study, with various agents that
have played a role in this meta-analysis e.g. ACC vs CSS
would be desirable in the future.

In conclusion, this meta-analysis has shown that strontium-
acetate- and arginine-containing dentifrices can significantly
reduce dentin hypersensitivity. Interestingly, the strontium
chloride formula had no effect, which may have been caused by
the limited power of the study. Calcium sodium silicate and
potassium nitrate formulas only show a tendency for pain relief
but without significance. A randomized study with direct
comparison of the various pain relief agents is recommended.

Disclosure statement: The authors declared no conflict of interest. Dr.
Griinberg and Dr. Bauer contributed equally to this work.

Dr. Griinberg is a resident, Dr. Hickel is Head of Department, and Dr. Draenert
is a consultant, Department of Operative Dentistry and Periodontology,
University Hospital, Ludwig-Maximilians University Munich, Munich,
Germany. Dr. Bauer is a consultant, Department of Oral and Maxillofacial
Surgery, Technical University of Munich, Munich, Germany. Dr. Crispin is a
consultant, Department of Medical Informatics, Biometry and Epidemiology,
Munich, Germany; Dr. Jakob is in private practice, Munich, Germany.

References

1. Addy M, Hughes J, Pickles MJ, Joiner A, Huntington E. Development of a
method in situ to study toothpaste abrasion of dentine. Comparison of 2
products. J Clin Periodontol 2002;29:896-900.

2. Brannstrom M. The hydrodynamic theory of dentinal pain: Sensation in
preparations, caries, and the dentinal crack syndrome. J Endod 1986;
12:453-457.

3. Orchardson R, Collins WJ. Clinical features of hypersensitive teeth. Br
Dent J 1987;162:253-256.

4. Rees JS, Addy M. A cross-sectional study of buccal cervical sensitivity in
UK general dental practice and a summary review of prevalence studies. Int
J Dent Hyg 2004;2:64-69.

5. Orchardson R, Gillam DG. Managing dentin hypersensitivity. J Am Dent
Assoc 2006;137:990-998;quiz 1028-1029.

6. Lin PY, Cheng YW, Chu CY, Chien KL, Lin CP, Tu YK. In-office
treatment for dentin hypersensitivity: A systematic review and network
meta-analysis. J Clin Periodontol 2013;40:53-64.

7. Antoniazzi RP, Machado ME, Grellmann AP, Santos RC, Zanatta FB.
Effectiveness of a desensitizing agent for topical and home use for dentin
hypersensitivity: A randomized clinical trial. Am J Dent 2014;27:251-257.

8. Addy M, West NX. The role of toothpaste in the aetiology and treatment of
dentine hypersensitivity. Monogr Oral Sci 2013;23:75-87.

9. Zhu M, Li J, Chen B, Mei L, Yao L, Tian J, Li H. The effect of calcium
sodium phosphosilicate on dentin hypersensitivity: A systematic review
and meta-analysis. PL0S One 2015;10:¢0140176.

10. Kleinberg I, SensiStat. A new saliva-based composition for simple and
effective treatment of dentinal sensitivity pain. Dent Today 2002;21:42-47.

11. Petrou I, Heu R, Stranick M, Lavender S, Zaidel L, Cummins D, Sullivan
RJ, Hsueh C, Gimzewski JK. A breakthrough therapy for dentin hypersen-
sitivity: How dental products containing 8% arginine and calcium carbo-
nate work to deliver effective relief of sensitive teeth. J Clin Dent
2009;20:23-31.

12. Wilson J, Clark AE, Hall M, Hench LL. Tissue response to Bioglass
endosseous ridge maintenance implants. J Oral Implantol 1993;19:295-302.

13. Andersson OH, Kangasniemi I. Calcium phosphate formation at the surface
of bioactive glass in vitro. J Biomed Mater Res 1991;25:1019-1030.

14. Greenspan DC. NovaMin and tooth sensitivity. An overview. J Clin Dent
2010;21:61-65.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

American Journal of Dentistry, Vol. 30, No. 4, August, 2017

. Litkowski L, Greenspan DC. A clinical study of the effect of calcium

sodium phosphosilicate on dentin hypersensitivity. Proof of principle. J
Clin Dent 2010;21:77-81.

. Que K, FuY, Lin L, Hu D, Zhang YP, Panagakos FS, DeVizio W, Mateo

LR. Dentin hypersensitivity reduction 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 Sp Is A:28A-35A.

. West NX, Sanz M, Lussi A, Bartlett D, Bouchard P, Bourgeois D.

Prevalence of dentine hypersensitivity and study of associated factors: A
European population-based cross-sectional study. J Dent 2013;41:841-851.

. Chabanski MB, Gillam DG, Bulman JS, Newman HN. Clinical evaluation

of cervical dentine sensitivity in a population of patients referred to a
specialist periodontology department: A pilot study. J Oral Rehabil
1997;24:666-672.

. Magno MB, Nascimento GC, Da Penha NK, Pessoa OF, Loretto SC, Maia

LC. Difference in effectiveness between strontium acetate and arginine-
based toothpastes to relieve dentin hypersensitivity. A systematic review.
Am J Dent 2015;28:40-44.

Taani SD, Awartani F. Clinical evaluation of cervical dentin sensitivity
(CDS) in patients attending general dental clinics (GDC) and periodontal
specialty clinics (PSC). J Clin Periodontol 2002;29:118-122.

Mason S, Hughes N, Layer T. Considerations for the development of over-
the-counter dentifrices for the treatment and relief of dentin sensitivity. J
Clin Dent 2009;20:167-173.

West N, Seong J, Davies M. Dentine hypersensitivity. Monogr Oral Sci
2014;25:108-122.

Chung G, Jung SJ, Oh SB. Cellular and molecular mechanisms of dental
nociception. J Dent Res 2013;92:948-955.

Addy M. Tooth brushing, tooth wear and dentine hypersensitivity. Are they
associated? Int Dent J 2005;55:261-267.

Draenert ME, Jakob M, Kunzelmann KH, Hickel R. The prevalence of
tooth hypersensitivity following periodontal therapy with special reference
to root scaling. A systematic review of the literature. Am J Dent
2013;26:21-27.

Bamise CT, Esan TA. Mechanisms and treatment approaches of dentine
hypersensitivity: A literature review. Oral Health Prev Dent 2011;9:
353-367.

Collaert B, Fischer C. Dentine hypersensitivity: A review. Endod Dent
Traumatol 1991;7:145-152.

Yates RJ, Newcombe RG, Addy M. Dentine hypersensitivity: A
randomised, double-blind placebo-controlled study of the efficacy of a
fluoride-sensitive teeth mouthrinse. J Clin Periodontol 2004;31:885-889.
Hansen EK. Dentin hypersensitivity treated with a fluoride-containing
varnish or a light-cured glass-ionomer liner. Scand J Dent Res 1992;
100:305-309.

He S, Wang Y, Li X, Hu D. Effectiveness of laser therapy and topical
desensitising agents in treating dentine hypersensitivity: A systematic
review. J Oral Rehabil 2011;38:348-358.

Tarbet WJ, Silverman G, Stolman JM, Fratarcangelo PA. Clinical
evaluation of a new treatment for dentinal hypersensitivity. J Periodontol
1980;51:535-540.

Freda NM, Veitz-Keenan A. Calcium sodium phosphosilicate had some
benefit on dentine hypersensitivity. Evid Based Dent 2016;17:12-13.

Kun L. [Biophysical study on dental tissue changes due to the local
application of strontium]. Odontostomatol Implantoprotesi 1982:41-45 (In
Italian).

Banfield N, Addy M. Dentine hypersensitivity: Development and
evaluation ofamodel in situ to study tubulepatency. J Clin Periodontol
2004;31:325-335.

Cummins D. Dentin hypersensitivity: From diagnosis to a breakthrough
therapy for everyday sensitivity relief. J Clin Dent 2009;20:1-9.

Yan B, Yi J, Li Y, Chen Y, Shi Z. Arginine-containing toothpastes for
dentin hypersensitivity: Systematic review and meta-analysis. Quintessence
Int 2013;44:709-723.



