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ABSTRACT

Objectives: To evaluate the desensitizing effect of nano-hydroxyapatite (n-HAP) on dentine hypersensitivity
(DH).

Sources: Seven electronic databases were searched on April 27, 2018.

Study selection: Randomized clinical trials (RCTs) were included based on the PICO strategy: Participants —
Humans with DH; Intervention — n-HAP-containing desensitizing; Comparison —n-HAP-free treatments or pla-
cebo/negative control; and Outcomes — relief of DH. The risk of bias was classified by the Cochrane guidelines.
Five meta-analyses were performed to evaluate the efficacy of n-HAP with regard to pain assessment stimuli
(primary outcome); comparison of n-HAP with other treatments or placebo/negative control, and effectiveness
of at-home and in-office n-HAP use (secondary outcomes). The quality of the evidence was evaluated using the
GRADE.

Data: Six RCTs with 4 weeks of follow-up were included in the meta-analysis. For the primary outcome, n-HAP
showed a better desensitizing effect for evaporative stimuli (SMD -1.09 [-1.24, -0.94], p < 0.00001) and tactile
stimuli (SMD -0.93 [-1.42, -0.43]) than other treatments (p = 0.0002). However, there was no difference be-
tween n-HAP and other treatments for the cold stimuli (SMD -0.17 [-0.81, 0.48], p = 0.61). In an overall
analysis, n-HAP-containing treatment showing the most significant desensitizing effect (SMD -0.93 [-1.19,
-0.68], p < 0.00001) with a high quality of evidence for pooled results. In the secondary outcomes, n-HAP
showed the best effect in the overall analysis (p < 0.05) with moderate quality evidence.

Conclusions: The n-HAP-containing treatment showed better clinical performance than other treatments for DH
relief. However, long-term follow-up RCTs are required in the future before definitive recommendations can be
made.

Clinical significance: Dentin hypersensitivity is a common global condition and its multifactorial etiology has led
to the development of several treatments. The n-HAP-containing treatment showed greater DH relief when
compared to other desensitizing agents, placebo or negative control.

1. Introduction

Several theories have been proposed in order to explain the biolo-
gical mechanism of DH [4-6], with the hydrodynamic theory being the

Dentin hypersensitivity (DH) has been defined as a “short, sharp
pain arising from exposed dentin in response to stimuli typically
thermal, evaporative, tactile, osmotic or chemical and which cannot be
ascribed to any other form of dental defect or pathology” [1]. This
clinical condition can have a negative effect on the individual’s oral
health-related quality of life (OHRQoL) [2]. A recent systematic review
by Douglas-de-Oliveira et al. [3] indicated that reducing DH is related
to improvement in OHRQoL.

most widely accepted [7,8]. Brannstrom and his co-workers published
over 20 years’ worth of studies on both human and animal models
supporting this theory, which has remained the most popular ex-
planation to date [9-11]. Their convincing explanation shows that
when external stimuli occur, the fluid in the small tubules of the dentine
can be rapidly shifted, which activates the nerve terminals in the in-
terface of the pulp and dentine, thus causing pain [9]. The ideal DH
treatment should thus occlude the dentinal tubules, which would

* Corresponding author at: School of Dentistry, Federal University of Para, Augusto Correa Street no 1, Guama, Belém, PA, 66075-110, Brazil.

E-mail address: cecymsilva@gmail.com (C. Martins Silva).

https://doi.org/10.1016/j.jdent.2018.12.014

Received 4 October 2018; Received in revised form 20 December 2018; Accepted 27 December 2018

0300-5712/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/03005712
https://www.elsevier.com/locate/jdent
https://doi.org/10.1016/j.jdent.2018.12.014
https://doi.org/10.1016/j.jdent.2018.12.014
mailto:cecymsilva@gmail.com
https://doi.org/10.1016/j.jdent.2018.12.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jdent.2018.12.014&domain=pdf

C. de Melo Alencar et al.

reduce the movement of the intratubular fluids through mechanical
principles [12].

Recently, nano-hydroxyapatite (n-HAp)-based desensitizing agents
have shown promising clinical improvements in DH [13,14]. However,
although this bioactive agent is considered one of the most biocompa-
tible materials, being widely applied in medicine and dentistry as a
bone substitute and for tooth remineralization [15], some clinical trials
have shown an equivalent result between n-HAP and other desensi-
tizing agents [16-18]. For this reason, there is no consensus in the
literature about the effectiveness of n-HAP in the treatment of DH.

Some systematic reviews and meta-analyses have examined the ef-
ficacy of toothpastes containing various desensitizing agents for the
relief of DH [19-22], but the gold standard agent for DH relief has not
yet been determined. Recently, a systematic review with a meta-ana-
lysis evaluated the desensitizing effect of toothpastes contain various
desensitizing agents (DA), including n-HAP, in comparison with nega-
tive controls [23]. However, this meta-analysis investigated only n-
HAP-containing toothpastes, excluding the use of in-office treatments.
Furthermore, the effect of n-HAP has not been specifically assessed and
only two studies evaluating n-HAP were included in this study.
Therefore, a more comprehensive and updated systematic analysis of n-
HAP-containing desensitizing agents is needed to evaluate their effect
in different forms of presentation.

To the best of the authors’ knowledge, to date, no systematic review
or meta-analysis has been undertaken on this important issue. Thus, the
objective of the present study was to evaluate, through a systematic
review of the literature and meta-analysis, the clinical efficacy of n-HAP
for the relief of DH. The null hypothesis adopted in this study is that
there is no significant difference in the reduction of DH treated with n-
HAP, other desensitizing agents, placebo or negative control.

2. Materials and methods
2.1. Protocol and registration

The study protocol was registered in the Prospective Register of
Systematic Reviews (PROSPERO CRD42018085801), and followed the
recommendations of the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement [24].

2.2. Search strategy

Seven databases, namely PubMed, Web of Science, CENTRAL (The
Cochrane Library), Scopus, LILACS, ClinicalTrials.gov, and OpenGrey
were searched on April 27, 2018. The MeSH terms and keywords were
selected and detailed search strategies were adapted for each database
(Table 1). The search strategy aimed to identify all relevant articles
published without language or date restriction. A supplemental manual
search was conducted by reviewing the reference lists of the related
papers and review articles.

2.3. Eligibility criteria and study selection process

The inclusion criteria were based on the PICO strategy [25]. Two
researchers (CMA and BLFP) independently screened the titles and
abstracts of the studies identified in the electronic databases. Articles
appearing in more than one database were considered only once. Any
disagreement between the researchers was resolved via discussion and
consensus. If necessary, a third researcher was consulted (CMS). For
studies appearing to meet the inclusion criteria or for which there were
insufficient data in the title and abstract to make a clear decision, the
full-text article was obtained and reviewed. Only studies meeting the
following criteria were included:

e Participants: Humans with DH not associated with post-bleaching
hypersensitivity.

12

Journal of Dentistry 82 (2019) 11-21

e Intervention: n-HAP-containing desensitizing formulations, in to-
pical form and any modality.

e Comparison: n-HAP-free treatments or placebo/negative control
(glycerin and toothpaste without fluoride respectively).

e Qutcomes: relief of DH pain in response to routine activities or to
cold, thermal, tactile or evaporative stimuli.

e Studies: Randomized controlled trials (RCTs).

A manual search was performed on the bibliographic references of
the RCTs that met all the inclusion criteria and were considered po-
tentially relevant for this review. Two researchers (CMA and BLFP)
independently screened all references to these RCTs.

2.4. Risk of bias

The full-texts that satisfied the eligibility criteria were thoroughly
evaluated by two researchers independently (CMA and BLFP) for
methodological risk of bias according to the Cochrane Collaboration
common scheme for bias: selection, performance, attrition, detection,
and reporting bias [26]. Disagreements were resolved via discussion,
and a third researcher was consulted if necessary (CMS).

The overall risk of bias was classified as low, unclear, or high, and
the researchers defined six key domains for the Risk of Bias: random
sequence generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete outcome
data and selective reporting. When the study was judged as “unclear” in
one key domain, the authors of the article in question were contacted
for additional information to make a definitive judgment of “low” or
“high”. Two criteria were considered for classification of "other bias":
sample calculation and location and date of the study.

2.5. Data synthesis

Data were extracted from the eligible studies. Information on au-
thor, year of publication, number of patients and age of the clinical trial
participants, study design, manufacturer and n-HAP concentration in
the evaluated products, statistical analysis, follow-up time and results
were tabulated.

2.6. Summary measures and synthesis of the results

The study data were analysed using RevMan software (Review
Manager v. 5.3, The Cochrane Collaboration; Copenhagen, Denmark) to
evaluate the efficacy of n-HAP for the treatment of DH. This desensi-
tizing agent (n-HAP) was compared to other treatments, placebo or
control (n-HAP-free). Five meta-analyses were performed:

o The first meta-analysis evaluated the efficacy of n-HAP-containing
treatment for relief of DH, the main outcome of this systematic re-
view. This analysis was subgrouped according to the stimuli applied
and analyzed: evaporative, tactile and cold.

As a secondary outcome, in an attempt to evaluate the influence of
some variables on the outcomes, the second, third and fourth meta-
analyses were performed.

e The second analysis evaluated the influence of the comparison
group on the efficacy of n-HAP-containing treatment in relation to
evaporative stimuli. Two subgroups were created: one including
studies that compared n-HAP-containing treatment versus other DA-
containing treatments, and another subgroup including studies that
compared n-HAP-containing treatment versus DA-free products
(placebo or negative control).

e The third analysis evaluated the influence of pain scale used on the
efficacy of n-HAP-containing treatment in relation to evaporative
stimuli. Two subgroups were created: one including studies that
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Search strategy in different databases.

Database

Search strategy

Cochrane

PubMed

Web of Science

#1MeSH descriptor: [Dentin Sensitivity] explode all trees

#2dentin* sensitivit* or dentin* hypersensitivit*

#3#1 or #2

#4Dental Hypersensitivit*

#5#3 or #4

#6MeSH descriptor: [Dentin Desensitizing Agents] explode all trees

#7dentin* desensitizing agent* or desensitizing agent™

#8#6 or #7

#9MeSH descriptor: [Hydroxyapatites] explode all trees

#10Hydroxyapatite*

#11#9 or #10

#12Nanohydroxyapatite or nano-hydroxyapatite

#13#8 or #11 or #12

#14#5 and #13

#1 (((((dentin sensitivity[MeSH Terms]) OR dentin* sensitivit*[Title/Abstract]) OR dentin* hypersensitivit*[Title/Abstract]) OR Dental Hypersensitivit*[Title/
Abstract])) #2 (((((((dentin desensitizing agents[MeSH Terms]) OR Hydroxyapatites|[MeSH Terms]) OR dentin* desensitizing agent*[Title/Abstract]) OR desensitizing
agent*[Title/Abstract]) OR Hydroxyapatite*[Title/Abstract]) OR Nanohydroxyapatite[Title/Abstract]) OR nano-hydroxyapatite[Title/Abstract]) #1 and #3

#1 TS = (dentin* sensitivit*) OR TS = (dentin* hypersensitivit*) OR TS = (Dental Hypersensitivit*) #2 TS = (dentin* desensitizing agent*) OR TS = (desensitizing agent™)
OR TS = (Hydroxyapatite*) OR TS = (Nanohydroxyapatite) OR TS = (nano-hydroxyapatite) #1 AND #2

(TITLE-ABS-KEY (dentin*AND sensitivit*) OR TITLE-ABS-KEY (dentin*AND hypersensitivit*) OR TITLE-ABS-KEY (dentalAND hypersensitivit*)) AND (TITLE-
ABS-KEY (dentin*AND desensitizingAND agent*) OR TITLE-ABS-KEY (desensitizingAND agent*) OR TITLE-ABS-KEY (hydroxyapatite*) OR TITLE-ABS-KEY

(mh:(dentin sensitivity)) OR (tw:(dentin* sensitivit*)) OR (tw:(dentin* hypersensitivit*)) OR (tw:(Dental Hypersensitivit*)) AND (mh:(dentin desensitizing agents)) OR

(mh: (Hydroxyapatites)) OR (tw:(dentin* desensitizing agent*)) OR (tw:(desensitizing agent)) OR (tw:(Hydroxyapatite*)) OR (tw:(nano-hydroxyapatite)) OR (tw:

(dentin* sensitivit* OR dentin* hypersensitivit* OR Dental Hypersensitivit*) AND (dentin* desensitizing agent* OR desensitizing agent OR Hydroxyapatite* OR nano-

Scopus
(nanohydroxyapatite) OR TITLE-ABS-KEY (nano-hydroxyapatite))
Lilacs
(Nanohydroxyapatite))
Open
Grey hydroxyapatite OR Nanohydroxyapatite)
Clinical Search 1: Condition or disease: dentin sensitivity x Other terms: Nanohydroxyapatite;
Trials Study type: Interventional Studies (Clinical trials)

Study Results: Studies With Results

Search 2: Condition or disease: dentin sensitivity x Other terms: nano-hydroxyapatite

Study type: Interventional Studies (Clinical trials)
Study Results: Studies With Results

evaluated the pain using a 0-10 scale, and another subgroup in-
cluding studies that evaluated the pain using a 0-3 scale.

The fourth analysis evaluated the influence of the comparison group
and pain scale used on the efficacy of n-HAP-containing treatment in
relation to tactile stimuli. Two subgroups were created: one in-
cluding studies that compared n-HAP-containing treatment versus
other DA-containing treatments and used a 0-3 pain scale, and an-
other subgroup including studies that compared n-HAP-containing
treatment versus DA-free products and used a 0-10 pain scale.

The fifth analysis evaluated the influence of application protocol on
the efficacy of n-HAP-containing treatment in relation to tactile
stimuli. Two subgroups were created: studies that performed at-
home application versus in-office application.

Since the two studies that presented results for cold stimulus had the
same comparison group (both used other DA-containing products) and
used the same pain scale (both used a 0-10 pain scale), a separate
analysis for this stimulus was not performed. Likewise no analysis of
application protocol for tactile and cold stimuli was performed as there
was only one study in the in-office subgroup.

Mean differences (MD), 95% confidence intervals (CIs), and stan-
dard errors (SEs) were calculated for all studies included in this sys-
tematic review, in an attempt to combine data from parallel and split-
mouth studies [27]. In split-mouth studies [28], an intrapatient corre-
lation coefficient of 0.5 was assumed [29]. The pooled effect size was
calculated by the generic inverse variance standardized mean differ-
ence (SMD), since the outcome presented methodological variables
between studies in all meta-analyses, as seen in the second, third and
fourth meta-analysis. Heterogeneity was tested using the I? index. If the
heterogeneity was substantial (50 to 100%) (p < 0.05), a sensitivity
analysis was employed to verify the influence of each study on the
pooled meta-analysis results [29].

If necessary, study authors were contacted to provide missing data
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(five attempts to make contact for each study). “Unclear” or “high” risk
of bias studies, or those that still had insufficient data after contacting
the authors, were excluded from the meta-analysis.

Since some studies presented more than one time point of evalua-
tion, in an attempt to reduce variables and make the analyses more
uniform, only the results at 30 days or 4 weeks of follow-up were in-
cluded in the meta-analyses.

2.7. Grading the quality of evidence

The quality of evidence (certainty in the estimates of effect) was
determined for each outcome using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach. Using
the GRADE approach, RCTs are initially considered as providing high-
quality evidence, however, the quality or certainty of evidence de-
creases to moderate, low, or very low if serious or very serious issues
related to risk of bias, imprecision, inconsistency, indirectness, and
publication bias are identified [30].

3. Results
3.1. Study selection

The initial search of all sources yielded 1759 records. Of these, 844
duplicated studies were removed using the reference manager EndNote.
Another 899 irrelevant studies were removed after scanning the re-
trieved studies on the basis of their titles and abstracts. Sixteen studies
of potential interest were read and analysed in their full-text form and,
of these, eight met the inclusion criteria and were included in the sys-
tematic review; six studies were included in the meta-analysis (Fig. 1).
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Fig. 1. PRISMA flow diagram of the search results from the databases.

3.2. Analysis of the risk of bias

Only one clinical trial did not clearly mention the random sequence
generation and allocation concealment [16]. The other seven studies
correctly employed these approaches [13,14,17,18,28,31,32]. All eight
studies presented appropriate blinding of participants and personnel
and blinding of outcome assessment. All studies were classified as
having a ‘low’ risk of bias to selective reporting. The risk of other bias
was considered present in three studies: Bevilacqua et al. did not report
the sample size in his study; Gopinath et al. [17] and Jena et al. [31] did
not report the sample size and did not report the location or date of the
study (Figs. 2 and 3).

3.3. Descriptions of the included studies

Detailed data from the eight included studies are listed in Table 2. n-
HAP was used in the form of self-administered toothpaste in five studies
[13,14,17,31,32] and was applied in-office in three studies [16,18,28],
with concentrations ranging from 1% [14,17] to 20% [16,18,28].

The follow-up times ranged from 4 weeks [13,14,17,28,31,32] to 3
months [16,18]. DH pain was elicited by evaporative
[13,14,17,18,28,31,32], tactile [13,17,31,32], thermal [17,28] or
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electric stimuli [16] and two scales were used to quantify DH. Six
studies used a 10-cm visual analogue scale (VAS) [14,16-18,28,31] and
two studies used a scale from 0 to 3 for measurements [31,32].

Three of the studies included a placebo or control group [13,28,32]
and all others compared n-HAP with other desensitizing agents
[14,16-18,31]. All studies reported equivalence between treatment
groups at baseline. Five studies showed no significant difference be-
tween n-HAP and other treatments for all outcomes measured
[14,16-18,28] and three studies reported a significant difference be-
tween n-HAP and the other treatments for all outcomes measured
[13,31,32]. Three studies included in this systematic review used the
number of teeth as the sample unit [18,28,31] and five used the in-
dividuals’ responses [13,14,16,17,32].

3.4. Meta-analysis and quality of evidence

The meta-analysis was conducted using the data available in the
studies classified as having a “low” risk of bias for key domains. One
study was classified as having an “unclear” risk of bias [16] and another
study did not provide the mean or standard deviation values required to
perform the meta-analysis. [14]. These two studies were excluded from
the meta-analysis.
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Fig. 3. Risk of bias summary.

Six studies were included in the first meta-analysis (to evaluate the
efficacy of n-HAP-containing treatment for the relief of dentin sensi-
tivity) [13,17,18,28,31,32]. The overall and subgroup (evaporative,
tactile and cold stimuli) heterogeneity varied from considerable to null
(I = 91%, I? = 86%, I = 95% and I2 = 0%, respectively). During the
sensitivity analysis, the overall heterogeneity ranged from 86 to 92%,
evaporative stimuli heterogeneity ranged from O to 86% and tactile
stimuli heterogeneity ranged from 90 to 97%. Although no substantial
reduction in overall heterogeneity was observed, the study by Gopinath
et al [17] was excluded from the evaporative stimuli subgroup to reduce
this subgroup’s heterogeneity.

The n-HAP-containing treatment had a better desensitizing effect for
evaporative stimuli (SMD -1.09 [-1.24, -0.94], p < 0.00001, ? = 0%
(12 p = 0.95)) and tactile stimuli (SMD -0.93 [-1.42, -0.43], p = 0.0002,
1 =91% (1> p < 0.00001)) in compared with n-HAP-free treatments.
However, there was no significant difference between n-HAP and the
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other treatments for the cold stimulus (SMD -0.17 [-0.81, 0.48],
p =0.61, I? = 0% (I* p = 0.87)). In the overall analysis, the n-HAP-
containing treatment had a significant desensitizing effect when com-
pared to n-HAP-free treatments (SMD -0.93 [-1.19, -0.68],
p < 0.00001, ?=77% (17 p < 0.00001)) (Fig. 4). The assessed
quality of evidence for the overall outcome was moderately high; for
the evaporative subgroup it was moderate due to serious issues related
to imprecision; for the tactile subgroup it was low due to serious issues
related to inconsistency and imprecision; and for the cold subgroup it
was high (Table 3).

The same six studies were included [13,17,18,28,31,32] in the
second meta-analysis (to evaluate the influence of the comparison
group on the efficacy of n-HAP-containing treatment in relation to
evaporative stimuli). The overall and subgroup (other DA-containing
and DA-free treatments) heterogeneity was considerable or null
(I = 86%, I = 0% and I* = 90%, respectively).

During the sensitivity analysis, the overall heterogeneity ranged
from 0 to 86% and in the subgroup using products with other DA-
containing treatment heterogeneity ranged from 58 to 95%. In an at-
tempt to reduce overall and subgroup heterogeneity, the study by
Gopinath et al. [17] was excluded.

The n-HAP-containing treatment had a better desensitizing effect for
evaporative stimuli in the overall analysis (SMD -1.09 [-1.24, -0.94],
P < 0.00001, I> = 0% (I> p = 0.95)) when compared with other DA-
containing (SMD -1.02 [-1.49, -0.56], p < 0.0001, I* = 0% (I*
p = 0.43)) and DA-free treatments (SMD -1.10 [-1.25, -0.94],
p < 0.00001, I? = 0% (I* p = 0.99)) (Fig. 5).

The same six studies were included [13,18,28,31,32] in the third
meta-analysis (to evaluate the influence of pain scale used on efficacy of
n-HAP-containing treatment in relation to evaporative stimuli). The
overall and subgroup (0-10 and 0-3 pain scale) heterogeneity was
considerable or null (I = 86%, I? = 56% and I = 0%, respectively).
During the sensitivity analysis, the overall heterogeneity ranged from 0
to 86% and in the 0-10 pain scale subgroup heterogeneity ranged from
0 to 78%. In an attempt to reduce overall and subgroup heterogeneity,
the study by Gopinath et al. [17] was excluded from the 0-10 pain scale
subgroup.

The n-HAP-containing treatment showed a similar desensitizing
effect against evaporative stimuli as the comparison groups when a
0-10 pain scale was applied (SMD -0.02 [-3.01, 3.05], p = 0.99,
2 = 0% (12 p = 0.69)) and a better desensitizing effect when a 0-3 pain
scale was applied (SMD -1.09 [-1.24, -0.94], p < 0.00001, 12 = 0% (12
p =0.98)) and in the overall analysis (SMD -1.09 [-1.24, -0.94],
p < 0.00001, I? = 0% (I* p = 0.95)) (Fig. 6).

The assessed quality of evidence in the second and third meta-
analysis is described in Table 4 (supplementary file). The quality of
evidence for the overall evaporative outcome, as well as for most of the
subgroups (treatments without DA, treatments with DA and 0-3 pain
scale subgroups) was moderate due to serious issues related to im-
precision, and high for the ‘0-10 pain scale’ subgroup.

Four studies were included [13,17,31,32] in the fourth meta-
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Fig. 4. Forest plot of the desensitizing effect of n-HAP-containing treatment, according to stimuli applied.

analysis (to evaluate the influence of the comparison group and pain
scale used on the efficacy of n-HAP-containing treatment in relation to
tactile stimuli). The overall and subgroup heterogeneity was consider-
able or moderate (I> = 95%, I*> = 94% and I? = 32%, respectively).
During the sensitivity analysis, the overall heterogeneity ranged from
90 to 97%. Since no substantial reduction in heterogeneity was ob-
served following removal of individual studies from the analysis, no
study was excluded.

The n-HAP-containing treatment had a better desensitizing effect for
tactile stimuli in the overall analysis (SMD -1.01 [-1.15, -0.87],
p < 0.00001, 2 =91% (12 p < 0.00001)) compared to treatments
without DA / 0-3 pain scale (SMD -1.33 [-1.50, -1.14], p < 0.00001,
12 = 84% (I* p = 0.01)) or with DA/ 0-10 pain scale (SMD -0.57 [-0.79,
-0.35], p < 0.00001, I = 0% (1> p = 0.35)) (Fig. 7). The quality of
evidence for this overall outcome is moderate, owing to serious issues
related to imprecision; and for subgroups it was low due to serious is-
sues related to suspected imprecision and publication bias in each
subgroup (Table 5 — supplementary file).

Four studies were included [13,17,31,32] in the fifth meta-analysis
(to evaluate the influence of application protocol on the efficacy of n-
HAP-containing treatment in relation to evaporative stimuli). The
overall and subgroup (at-home and in-office) heterogeneity was con-
siderable or null (I = 84%, I = 94% and 1% = 0%, respectively).
During the sensitivity analysis, the overall heterogeneity ranged from 0
to 87% and the at-home subgroup heterogeneity ranged from 0% to
97%. In an attempt to reduce overall and subgroup heterogeneity, the
study by Gopinath et al. [17] was excluded.

The n-HAP-containing treatment had a better desensitizing effect
than others treatments for the evaporative stimuli in the overall ana-
lysis (SMD -1.09 [-1.24, -0.94], P < 0.00001, I* = 0% (1> p = 0.95))
both in at-home (SMD -1.10 [-1.25, -0.94], p < 0.0001, I* = 0% (I
p =0.95)) and in-office products (SMD -1.02 [-1.49, -0.56],
p < 0.00001, I = 0% (I*> p = 0.73)) (Fig. 8). The assessed quality of
evidence for the overall outcome and in-office subgroup was moderate
due to serious issues related to imprecision, and for the at-home sub-
group it was high (Table 6 — supplementary file).
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4. Discussion

Based on the results of the meta-analysis, n-HAP-containing treat-
ment are more effective than n-HAP-free treatments and placebo in
relieving DH when used either at home or in office. Therefore, HO was
rejected.

Despite the low number of studies included in the present sys-
tematic review (eight studies) [13,14,16-18,28,31,32] it is important to
highlight that seven of them were classified as having a “low” risk of
bias [13,14,17,18,28,31,32]. For this reason, the present systematic
review and meta-analysis results should be considered reliable. Fur-
thermore, the GRADE approach showed a moderate or high quality of
evidence for these results. The studies what evaluated the tactile sti-
mulus showed a low quality of evidence, further clinical investigations
of DH through tactile stimulation are necessary to reach a definitive
conclusion.

All studies evaluating bleaching-induced tooth sensitivity (TS) were
excluded from the present systematic review because the pain char-
acteristics differ from the DH [33,34]. In the tooth bleaching procedure,
upon penetrating the dental tissues the peroxides quickly diffuse to
reach the chemosensitive ion channels (TRPA1), activating the in-
tradental nerves and causing discomfort [34,35]. In contrast, the DH
mechanism is more often explained by the hydrodynamic theory [8]
and no inflammatory process is implicated.

In the first meta-analysis, the n-HAP-containing treatment had a
more significant desensitizing effect against evaporative and tactile
stimuli and in pooled results than the other treatments, placebo and
control. However, it did not appear to be effective against cold stimuli
because the values reported for this stimulus were high regardless of the
treatment and time of evaluation when compared to the other stimuli. It
was hypothesized by Tokuda et al. [36] that TRPM8 channels in
odontoblasts might be candidates for generating dentinal sensation as
they have a long latency following cool- and/or cold-stimuli applied to
the dentin surface. This implies that DH caused by the cold stimulus
could involve not only the hydrodynamic theory but also other as yet
unknown factors.
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Table 3

Quality of the evidence for the overall outcomes.

Certainty

Effect

No of patients

Certainty assessment

Relative (95% CI) Absolute (95% CI)

n-HAp Comparison

Other considerations

Indirectness Imprecision

Inconsistency

Risk of bias

Study design

No of studies

Overall (follow up: mean 4 weeks)

DDODO HIGH

SMD 0.93 lower (1.19 lower to 0.68 lower)

112

112

none

not serious  not serious ®  not serious  not serious ®

randomized trials
Evaporative stimuli (follow up: mean 4 weeks)

DDHO MODERATE
DEOO Low

SMD 1.09 lower (1.24 lower to 0.94 lower)

94

94

not serious not serious  serious ¢ none

not serious

randomized trials

Tactile stimuli (follow up: mean 4 weeks)

SMD 0.93 lower (1.42 lower to 0.43 lower)

103

103

serious ° none

not serious

serious ¢

not serious

randomized trials

Cold stimuli (follow up: mean 4 weeks)

DDODHD HIGH

SMD 0.17 lower (0.81 lower to 0.48 higher)

20

very strong association 20

not serious  not serious not serious  very serious ©

randomized trials

CI: Confidence interval; SMD: Standardized mean difference.

a. Although the overall heterogeneity is 77%, the subgroup analysis detected that it is related only with tactile stimuli. So, the authors did not considered it a serious or very serious inconsistency.

b. Total number of participants is less than 400 and Gopinath et al. and Jena et al. did nor performed sample size.
c. Total number of participants is less than 400 and Jena et al. did not performed sample size calculation.

d. The heterogeneity was high (91%), but there is no wide variation in the effect estimates across studies and there is some overlap of confidence intervals associated with the effect estimates.

e. Total number of participants is less than 400, Gopinath et al. did not performed sample size and upper or lower confidence limit crosses the effect size of 0.5 in either direction (Minimal important difference).
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In the first meta-analysis, all stimuli were considered (tactile, cold
and evaporative) in the quantitative analysis. The patient with DH is
susceptible to all sorts of painful stimulation daily, for which reason the
performance of all three forms of pain evaluation is recommended [37].
However, the air blast test is the most accurate method of evaluating
DH because it involves a wider area of dentin and has also been used
more often than the tactile test, thermal test, or subject assessment in
clinical trials [38]. For this reason, the comparative analysis between n-
HAP-containing and n-HAP-free treatments was performed by con-
sidering the evaporative stimulus (second meta-analysis). In this meta-
analysis it was demonstrated that n-HAP was more effective at reducing
DH both compared to other desensitizing agents and compared to
placebo or negative controls.

In an attempt to reduce overall heterogeneity and subgroups in this
meta-analysis, the study by Gopinath et al. [17] was excluded. In this
RCT, n-HAP was compared with amorphous sodium calcium phospho-
silicate (NovaMin) while all other RCTs compared with arginine or
placebo/negative control. For this reason, arginine was the only de-
sensitizing agent considered for comparison in this meta-analysis. This
material is an amino acid that is found naturally in saliva. The com-
bination of arginine and calcium carbonate mimics saliva’s ability to
occlude and seal open dentinal tubules; the result is a plug that renders
that tooth surface resistant to acid and thermal attacks, thereby redu-
cing fluid movement [39]. Two previous meta-analyses and one sys-
tematic review have already evaluated the desensitization efficiency of
arginine and presented promising results regarding the use of this
bioactive agent [40-42]. However, in the present meta-analysis, n-HAP
showed better results than those presented by arginine in the treatment
of DH.

An important methodological difference between studies was the
different scales used to measure sensitivity. Half of the studies used a
visual scale from O to 10 and the other half used the Schiff Cold Air
Sensitivity Scale [43] (0-3). For this reason, a meta-analysis was per-
formed to evaluate the influence of pain scale on the efficacy of n-HAP-
containing treatment in relation to evaporative stimuli. The results of
the quantitative analysis (third meta-analysis) of the studies showed
that all studies that used the scale of 0 to 3 presented a statistically
significant difference between n-HAP-containing and n-HAP-free
treatments and all studies that used the scale of 0 to 10 demonstrated
equivalence among treatments. This result could be a consequence of
the possible greater representativeness of the scale of 0 to 3, as a
smaller interval between one score and another can facilitate the pa-
tient's choice when it comes to representing their pain. However, the
perception of pain arising from exposed dentin surfaces is influenced by
a number of different aspects, including the individual parameters of
each patient, psychological factors, cultural aspects, and situational and
emotional factors [44,45]. For this reason, the hypothesis that the Schiff
Cold Air Sensitivity Scale is more sensitive than the scale of 0 to 10
could not be confirmed based on the results of this meta-analysis.

The fourth meta-analysis was performed to evaluate the desensi-
tizing effect of n-HAP-containing and n-HAP-free treatments for tactile
stimuli. However, after clustering it was noted that, coincidentally, all
studies comparing placebo or negative controls with n-HAP were also
those that used the Schiff Cold Air Sensitivity Scale. In addition, all
studies comparing n-HAP with other DA used the 0-10 scale. A double
response was thus obtained. The n-HAP-containing treatment showing
a better desensitizing effect for tactile stimuli in overall analysis, for
both DA-free/0-3 pain scale and DA-containing/0-10 pain scale. The
results of the second and fourth meta-analyses showed that, regardless
of the applied stimulus, n-HAP presented better results than the pla-
cebo, control and other DA in DH treatment.

The fifth meta-analysis showed that both at-home and in-office n-
HAP showed satisfactory results in the treatment of HD. However, the
RCTs that evaluated at-home n-HAP were performed by the same au-
thor [13,32]. This demonstrates the need for more RCTs to consistently
address this topic, although the studies included had a low risk of bias.
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Fig. 5. Forest plot of the desensitizing effect of n-HAP-containing treatment and treatments with and without DA, for evaporative stimuli.
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Fig. 6. Forest plot of the desensitizing effect of n-HAP-containing treatment evaluated using a 0-3 or 0-10 pain scale, for evaporative stimuli.
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Fig. 7. Forest plot of the desensitizing effect of n-HAP-containing treatment and treatments without DA/0-3 pain scale or with DA / 0-10 pain scale, for tactile

stimuli.

Remaining on the subject of the tactile stimulus, although the final
heterogeneity in the statistical results was not significant for most
analyses, this specific stimulus subgroup had high heterogeneity in the
first meta-analysis and overall in the fourth meta-analysis (I* = 95%).
The studies included in this systematic review have enough in common
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that it makes sense to synthesize the information, but there is no reason
to assume that they are identical, since they present some methodolo-
gical differences. The high heterogeneity in the tactile stimulus sub-
group (in the first analysis) and in the fourth meta-analysis could be
related to the application of the force of the probe on the patient's tooth,
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Fig. 8. Forest plot of the desensitizing effect of in-office versus at-home n-HAP-containing treatment, for evaporative stimuli.

which depends on the pressure exerted by the operator, and there was
no standardization of this variable among the included studies. In ad-
dition, of the four studies included in the meta-analysis, two compared
n-HAP with placebo and two compared it with other desensitizing
treatments. These associated factors contributed to the increase in
heterogeneity.

Three studies used the painful response of each tooth as a sample
unit [18,28,31], that is, the individuals were randomized as a cluster
[46]. In this case, it is important to consider that the tooth sample unit
is a dependent variable when present in the same individual or cluster
[47]. However, all three articles used statistical tests for independent
variables, disregarding the clustering effect of dental clusters. These
studies performed randomization in an appropriate manner, con-
sidering the individual as a sample unit of randomization and, for this
reason, each group presented different sample numbers. In the present
meta-analysis, all data were considered such as independent samples
(individuals) to decrease the heterogeneity and to provide stronger
comparisons. In addition, one study [16] used a split mouth-design to
set up paired samples. For this specific study an intrapatient correlation
coefficient of 0.5 was assumed in the quantitative analysis, as pre-
viously suggested by Higgins and Green [29].

Many systematic reviews and meta-analyzes have been performed
to evaluate the efficacy of desensitizing treatments with arginine [20],
Novamin [22], amorphous calcium phosphate [23], strontium [19,48],
potassium [49], oxalates [50], laser photobiomodulation [51] and
others [40,52]. Although some promising responses have been de-
monstrated, most studies have shown inconclusive results indicating
the most diverse treatments available. Therefore, it is clear that more
RCTs with low risk of bias are necessary for consistent systematic re-
sponses to be generated.

The strength of this meta-analysis lies in the rigour of its metho-
dology, which followed the recommendations in the Cochrane
Handbook for Systematic Reviews of Intervention and evaluated the
quality of the evidence using the GRADE approach. Most studies in-
cluded 4 weeks of follow-up, but in one study follow-up lasted for up to
3 months. For the calculation of the meta-analysis it was possible to
standardize all studies included in the 4-week follow-up. None of the
included studies reported funding or conflicts of interest.

5. Conclusions

This systematic review and meta-analysis indicate that desensitizing
agents containing n-HAP are effective for the relief of dentin hy-
persensitivity in both at-home and in-office treatments when compared
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with others desensitizing agents or placebo/negative control. However,
the evidence generated by this review was based on a small number of
studies. In addition, long-term follow-up clinical trials are required in
the future before definitive recommendations can be made.
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