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Abstract
Objectives This study evaluated the effect of photobiomodulation (PBM) combined with 8% strontium acetate (SA8%) in the 
treatment of dentin hypersensitivity (DH) in non-carious lesions and analyzed the risk factors with the patient’s quality of life.
Methods Eighty teeth with DH were randomly allocated into four treatment groups (n = 20): G1, PBM imitation + toothpaste 
with no active ingredient; G2, PBM imitation + toothpaste with SA8%; G3, PBM + toothpaste without the active ingredient; 
and G4, PBM + toothpaste with SA8%. Participants were provided with a questionnaire on the experience of dentin hyper-
sensitivity (QEDH) to assess the impact of desensitizing treatment on health-related quality of life (HRQL). Friedman and 
Kruskal–Wallis tests were used for intra- and intergroup comparisons, and Wilcoxon and Mann–Whitney tests were used to 
analyze HRQL. All analyses used significance levels of 5%.
Results Intergroup comparisons revealed a significant difference (p < 0.05); G4 had the best response in terms of HD 
reduction in G4 compared to the other groups on the 7th day of assessment (T3). Only G4 showed a statistically significant 
difference (p < 0.05) in the reduction of EDH for intragroup analysis.
Conclusion The combination of therapies was more effective in reducing DH than the isolated use of these strategies.
Clinical relevance The combination of therapies is effective in the treatment of DH.

Keywords Quality of life · Dentin hypersensitivity · Therapy · Risk factors

Introduction

Dentin hypersensitivity (DH) is a painful, recurrent condi-
tion. Its origin is associated with the exposure of dentinal 
tubules due to the loss of the cementum and dentin structure 
caused by multiple factors, such as processes of abrasion, 

erosion, or denudation of the root surface caused by gin-
gival recession [1]. The pain arising from this condition is 
typically caused by thermal, tactile, and osmotic stimuli [2] 
characterized by short-term pain that cannot be explained by 
any other form of dental pathology [3].

Brännström, in 1966 [4], proposed the hydrodynamic 
theory to explain the mechanism of dentin hypersensitivity. 
Among all theories suggested at that time, his hypothesis 
was the most accepted; it stated that thermal and mechanical 
stimuli, such as spraying with air, exerted pressure changes 
that caused fluid movement within the dentinal tubules [5]. 
It is believed that this movement stimulates the A-delta and 
C fibers [6], triggering the pain perception.

Most treatments that aim to minimize the occurrence of 
DH are based on chemical or physical occlusion of dentinal 
tubules and nerve photobiomodulation (PBM) (low-level 
light therapy) [7]. Moraschini et al. [8] also suggest, in their 
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meta-analysis, that these therapies provide the best results 
for clinical DH treatment.

Photobiomodulation provides an increase in adenosine 
triphosphate (ATP) synthesis as it modifies the membrane 
potential by activating the Na + /K + ATPase pumps. It pro-
duces a good analgesic effect [9], a characteristic that makes 
it an effective and contemporary treatment of DH, according 
to the systematic review of Machado et al. [10].

Strontium acetate works by depositing a thin layer of 
insoluble particles that are absorbed at the dentin connec-
tive tissue level and the rest of the calcified tissues, in depth. 
This entire process produces the obliteration of the dentinal 
tubules, which results in a desensitizing effect [11]. Grün-
berg et al. [12] point out that dentifrices with formulations 
containing strontium acetate appear to have a good impact 
on DH therapy and can be recommended for daily use.

DH is an uncomfortable condition that affects individuals’ 
quality of life experiencing this symptom [13]. Patel et al. 
[14] define the oral health-related quality of life (HRQL) as 
the patient’s perception of how the mouth condition affects 
the quality of life in daily activities, such as eating, drinking, 
and social interaction, in addition to a more subtle impact on 
emotions and identity [15].

The dentin hypersensitivity experience questionnaire 
(QEDH) has been established to detect these functional limi-
tations, confrontation behaviors, and emotional and social 
impacts caused by DH. The use of this questionnaire in clini-
cal trials [15–17] demonstrates the reliability of the results 
obtained through its use.

This work aims to evaluate the effect of photobiomodu-
lation combined with strontium acetate in the treatment of 
DH in non-carious lesions and analyze the risk factors to 
patients’ quality of life. The null hypotheses tested in this 
study are as follows: H01, there is no difference in the reduc-
tion of HD with PBM associated with the daily use of den-
tifrice with strontium acetate and other types of treatments, 
after 1 month of evaluation; H02, PBM combined with daily 
use of strontium acetate dentifrice does not influence the 
quality of life of volunteers.

Materials and method

Ethical aspects.
This double-blind randomized clinical trial followed the 

recommendations of the Consolidated Standards of Report-
ing Trials (CONSORT) [18]. The study was approved by 
the ethics and research committee of the Institute of Health 
Sciences, Federal University of Pará, under number 290.779, 
and registered in the Clinical Trials Registry (http:// www. 
Clini calTr ials. gov) under the protocol NCT04642001. The 
research volunteers were properly informed and informed 

about the risks, methods, and objectives of this study, 
respecting the norms of the Declaration of Helsinki [19].

Inclusion and exclusion criteria

Participants included in this study were examined and 
selected based on the following inclusion criteria: individu-
als aged 18 to 50 years, of both genders, in good general 
health reporting dental sensitivity with a response ≥ 4 on 
the 10-cm-long visual analog scale (VAS), and with at least 
two hypersensitive teeth with up to 1 mm depth (measured 
with a millimeter probe). Teeth of both the upper and lower 
arch were included, of all dental groups, including molars, 
premolars, canines, and incisors, with an exposed root sur-
face caused by abrasion, erosion, or gingival recession. The 
following were excluded: volunteers using analgesic medi-
cation or having teeth with evidence of carious lesions, pul-
pitis, defective restorations, and moderate or severe peri-
odontal disease, as well as those who had undergone any 
whitening therapy or professional or homemade desensi-
tizer in the last 6 months and patients with fixed orthodon-
tic appliances. Drug users and pregnant women were also 
excluded.

Sample size calculation

The sample size calculation was based on a previous pilot 
trial of this study using the G Power 3.1 software (Heinrich-
Heine-Universität, Düsseldorf, Germany). The calculation 
was performed considering a test power of 80% and a sig-
nificance level of 5% and 10% loss in sample size, with the 
estimate of the relevant main difference of 2.26 between the 
means, resulting in 80 teeth.

Randomization and allocation concealment

A random list was generated in the BioEstat 5.0 software 
(Civil Society, Mamirauá, Pará, Brazil) by an individual not 
involved in the intervention or evaluation. Participants were 
divided into four blocks in the randomization process, and 
the treatment sequence (placebo or desensitizing protocol) 
was randomly defined for each block using computer-gener-
ated tables. The sequence was inserted in sealed envelopes, 
numbered 1 to 80, which were opened by the operator only 
at the intervention time. Patients were numbered according 
to the registration sequence.

Blinding

In this double-blind clinical trial, the volunteers were una-
ware of the treatment protocol employed for each group. 
The evaluators who assessed the degree of sensitivity were 
also unaware of which group each volunteer belonged to. 
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A single operator performed the entire clinical part of the 
study.

Study intervention

All participants received prophylaxis 7 days before the start 
of the study, with fluoride-free prophylactic paste (NuPro 
Supremo, Dentsply Int., New York, PA, USA) and rubber 
cup (Microdont, São Paulo, Brazil), to remove stains and 
external plaque and an oral hygiene kit containing a tooth-
brush with soft bristles (Soft ORAL-B, São Paulo, Brazil), 
dental floss (ORAL-B, São Paulo, Brazil), and a placebo or 
desensitizing toothpaste, with similar coloring and consist-
encies, for daily use three times a day for 7 days, supplied 
in identical bottles marked only with codes. A total of three 
treatment sessions were performed, with a 72-h interval 
between them. Table 1 describes the materials used in this 
study.

According to the corresponding desensitizing protocol in 
this study, 80 teeth belonging to 24 patients (11 men and 13 
women) were randomly distributed into 4 groups (n = 20).

To avoid bias in the results, all study volunteers received 
placebo toothpaste (My First/Colgate®) in the last treatment 
session for daily use, three times a day, until their return to 
the clinic for the reassessment of sensitivity after 30 days.

Desensitizing protocol

Groups G2, G3, and G4 received desensitizing treatment 
according to the protocol of this study (Table 2).

Dental hypersensitivity experience questionnaire 
(QEDH)

The participants carried out a self-reported assessment. 
Before the start of treatment and 1 month after the end of 
treatment, the participants received a questionnaire based on 
the model described by Boiko et al. [20], with Portuguese 
adaptation by Douglas-De-Oliveira et al. [17], to assess the 
impact of desensitizing treatment on the health-related qual-
ity of life (HRQL). The short version of the questionnaire 
consisted of 15 questions (QEDH15) that could assess the 
impact of DH on HRQL on 5 subscales: functional restric-
tions, adaptation, social impact, emotional impact, and 
impact on personal identity. The questions were answered 
according to a 7-point Likert scale, with a rating from 15 
to 105 in the final score. Higher scores indicated a worse 
HRQL.

Hard tissue depth

The depth of the injuries was measured with the aid of a 
millimeter-graduated periodontal probe of the Williams Ta
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type (Trinity, São Paulo, Brazil), which was positioned per-
pendicularly along the tooth’s long axis in the center of the 
injury. In a study conducted by Freitas et al. [21], it was 
observed that lesions greater than 1 mm in depth present 
a better response to treatment when performing restorative 
protocols. Because of this, the depth of the lesion was meas-
ured in order to standardize the study and obtain a more 
satisfactory response to the treatments used.

Assessment of pain sensitivity

A triple syringe connected to an air compressor at room 
temperature applied for 1 s at 1 cm from the tooth surface 
was used to assess the degree of sensitivity [22]. Neighbor-
ing teeth were isolated during the test using the operator’s 
fingers and cotton rolls. For the tactile test, an exploratory 
probe no. 5 (Golgran, São Paulo, Brazil) was used with a 
cross-shaped probe contact on the dental surfaces: from api-
cal to incisal and another from mesial to distal [15]. The 
degree of sensitivity of each dental element was quanti-
fied by the patient using the visual analog pain scale (VAS) 
immediately after the stimuli. The scale consists of a dashed 
horizontal ruler, numbered from 0 to 10, representing the 
following pain scores: 0, no pain; 1 to 3, mild pain; 4 to 5, 
moderate pain; 6 to 8 severe pain; and 9 to 10, unbearable 
pain [23]. The data recorded in the first session (before ther-
apy was applied) determined the baseline representing the 
initial pain level of each sensitive tooth. Evaluations were 
carried out in four stages: baseline, after the first treatment 
application (T1), after 72 h (T2), 7 days (T3), and 30 days 
(T4) after the end of the treatment.

Data analysis

The values corresponding to the DH reported by the par-
ticipants were tabulated in an Excel spreadsheet (Micro-
soft Windows, 2010) and analyzed using the Bioestat 
5.4 program. Data were initially submitted to the Kol-
mogorov–Smirnov normality test. This analysis showed 

a non-normal distribution of data, so the Friedman and 
Kruskal–Wallis nonparametric tests were used for the com-
parative analysis, the Friedman nonparametric test was per-
formed for the intragroup analysis, to compare the G1 as 
well as G2 groups, G3 and G4, in different periods of time, 
so multiple comparisons were made; the intergroup analysis 
was performed with the Kruskal–Wallis test comparing dif-
ferent groups in pairs in the same time interval. Wilcoxon 
and Mann–Whitney tests were used to analyze the QEDH 
before and after 1 month of desensitizing treatments taken. 
All analyses considered significance levels of 5%.

Results

Participants

A total of 46 participants were evaluated, 24 of which were 
randomized, treated, and followed up according to Fig. 1. 
Eighty teeth were analyzed.

Demographic characteristics

The demographic characteristics of the 24 participants com-
pleting the study are described in Table 3.

There was a higher proportion of female participants 
(N = 13; 54.2%) in the final sample when compared to male 
participants (N = 11; 45.8%). The participants’ average age 
was 22 years (SD = 20.6; range = 18–26). When comparing 
different treatment groups, no significant difference was 
found in any of these characteristics (p > 0.05).

Depth of injuries

The depth of the lesions was measured on eighty teeth. 
Table 4 shows the mean and standard deviation of depth in 
the different groups, with group G3 having a higher mean 
depth compared to the other groups.

Table 2  Desensitizing protocol

Groups Desensitizing protocol

G1 (placebo) Positioning of FBM (Photon Laser III/DMC) without the emission of radiation, the sound of the equipment was mimicked 
with the Beep application (Foncannon Inc., Google© 2018), followed by the application of placebo (My First/Colgate®) 
and use in brushing three times a day

G2 (PBM + 8% SA) Positioning of FBM (Photon Laser III/DMC) without the emission of radiation, the sound of the equipment was mimicked 
with the Beep application (Foncannon Inc., Google©, 2018), followed by the use of toothpaste containing strontium 
acetate (Sensodyne® Rápido Aliança/GSK) and brushing three times a day

G3 (PBM + placebo) Emission of FBM therapy (Photon Laser III/DMC), followed by the application of placebo (My First/Colgate®) and use 
in brushing three times a day

G4 (PBM + 8% SA) Emission of FBM therapy (Photon Laser III/DMC), followed by the application of toothpaste containing strontium acetate 
(Sensodyne® Rapid Relief/GSK) and use in brushing three times a day

1302 Clinical Oral Investigations (2022) 26:1299–1307
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Sensitivity assessment

Tactile stimulus

As shown in the box graph (Fig. 2), groups G1 and G2 
showed similar behavior, with no reduction in the level of 
pain in any evaluation period. G3 had decreased pain level 
only in the third treatment session (T3) and increased pain 
sensitivity after 1 month. G4 (combination of PBM and den-
tifrice containing strontium acetate) showed decreased sen-
sitivity to pain at T1 and T3, which represents the first and 
third treatment sessions, respectively, with pain stabilization 
after 1 month.

Comparisons between groups at the same time interval 
revealed a reduction in HD (p < 0.05) in group G4 (combina-
tion of PBM and dentifrice containing strontium acetate) at 

Fig. 1  Flow diagram of the 
study phases

Evaluated Patients (N= 46)

Teeth evaluated (n=279)

Recruitment

Excluded (N= 22)

Did not meet the inclusion 

criteria (n=199)

Randomized Patients (N=24)

Randomized Teeth (n=80)

G1 (n=20) G2 (n=20) G3 (n=20) G4 (n=20)

Allocation

Photon Laser III-DMC
(without radiation emission)

+
My First- Colgate

Photon Laser III-DMC
(without radiation emission)

+
Sensodyne® Rapid Relief /

GSK

Photon Laser III-DMC
(with irradiation emission)

+
My First- Colgate

Photon Laser III-DMC
(with irradiation emission)

+
Sensodyne® Rapid Relief / 

GSK

All 24 volunteers continued the study over 38 

days, with no complications or dropouts.

Segment

Analysis
Patients: (N=24)

Teeth: (n=80)

Table 3  Demographic 
characteristics of the research 
participants

* Fisher’s exact test; **ANOVA test

GROUPS G1 G2 G3 G4 p
(N = 6/n = 20) (N = 6/n = 20) (N = 6/n = 20) (N = 6/n = 20)

Gender N (%)
Feminine 5 (83.33) 3 (50) 4 (66.67) 1 (16.67) 0.125*

Masculine 1 (16.67) 3 (50) 2 (33.33) 5 (83.33)
Age, years
Mean 22.5 22 22 22.5 0.75**

Interval 20–25 18–26 21–23 19–26

Table 4  Mean (M) and standard deviation (SD) of the QEHD before 
and after 1 month of the desensitizing treatments evaluated

* Different capital letters represent a statistically significant intergroup 
difference, according to the Wilcoxon test (p ≤ 0.05)
* Different capital letters represent statistically significant intergroup 
difference (p ≤ 0.05)
** Different lowercase letters represent statistically significant intra-
group difference (p ≤ 0.05)

GROUPS 
(N = 80)

Before treatment After treatment Difference in 
scores (after-
before)

M (± SD)

G1 78.0 (± 9.9)Aa 81.8 (± 7.3)Aa 3.8
G2 77.2 (± 11.1)Aa 80.2 (± 10.9)Aa 3.0
G3 76.3 (± 12.7)Aa 77.2 (± 9.7)Aa 0.9
G4 79.2 (± 4.9)Aa 25.5 (± 2.3)Bb  − 53.7

1303Clinical Oral Investigations (2022) 26:1299–1307
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T3 and after 1 month compared to the other groups (G1, G2, 
and G3). It was also observed that G3 had decreased pain 
when compared to G1 at T3 and after 1 month.

Evaporative stimulus

In the intragroup analysis, the box graph (Fig. 3) demon-
strates that groups G1 and G2 did not show a decrease in 
the level of pain in any evaluation period. G3 showed a 

reduction in pain level only in the third treatment session 
(T3) and an increase in pain sensitivity after 1 month. G4 
(combination of PBM and dentifrice containing strontium 
acetate) showed decreased sensitivity to pain at T1 and 
T3, which represents the first and third treatment ses-
sions, respectively, with pain stabilization after 1 month. 
In the intergroup analysis, G4 showed a reduction in HD 
(p < 0.05) compared to the other groups in periods T3 and 

Fig. 2  Boxplots comparing HD, by the visual analog scale (VAS), 
of the groups in the different evaluation periods with the tactile 
stimulus. *Different capital letters represent statistically significant 
intergroup difference (p ≤ 0.05); **different lowercase letters repre-

sent statistically significant intragroup difference (p ≤ 0.05); †p val-
ues calculated according to the Kruskal–Wallis test and Friedman 
test. Kruskal–Wallis test and Friedman test, minimum, first quartile, 
median, third quartile, and maximum values in centimeters

Fig. 3  Boxplots comparing HD, by the visual analog scale (VAS), 
of the groups in the different evaluation periods with the evapora-
tive stimulus. *Different capital letters represent statistically signifi-
cant intergroup difference (p ≤ 0.05); **different lowercase letters 

represent statistically significant intragroup difference (p ≤ 0.05); †p 
values calculated according to the Kruskal–Wallis test and Friedman 
test. Kruskal–Wallis test and Friedman test, minimum, first quartile, 
median, third quartile, and maximum values in centimeters
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after 1 month, and G3 had decreased pain compared to G1 
in periods T3 and after 1 month.

Health‑related quality of life (HRQL): dental 
hypersensitivity experience questionnaire (QEDH)

Table  5 represents the mean and standard deviation of 
the questionnaire of dentin hypersensitivity experiences 
(QEDH) used to assess the volunteers’ HRQL before and 
after the desensitizing treatments. Only the G4 group (com-
bination of PBM and strontium acetate containing tooth-
paste) showed a statistically significant difference (p < 0.05) 
in QEDH reduction in the intragroup analysis. In the inter-
group analysis, G4 differed statistically from the other 
groups 1 month after the end of the desensitizing treatment.

Discussion

Dental hypersensitivity is a chronic problem [23] character-
ized by episodes of discomfort or acute pain, stimulated by 
activities or substances found in daily life, such as tooth-
brushing, consumption of cold, sugary, or acidic liquids, 
and cold air [24]. Patients describe this pain as problematic 
enough to affect diet and work [25], directly interfering with 
their quality of life [26].

The Sensodyne® Rápido Alívio desensitizing dentifrice 
used in this study has 8% strontium acetate in its formula-
tion. This agent’s action mechanism occurs through organic 
precipitation and odontoblastic denaturation, forming a seal-
ing film that prevents the circulation of liquids inside the 
dentinal tubules, reducing permeability [27] and promoting 
an obliterating action [28]. Although this agent can occlude 
dentinal canaliculi from the deposition of strontium salts on 
the dentin surface [29], in this study, G2 (the group treated 
with strontium acetate) did not cause a reduction in the pain 
level, with similar results to G1 (placebo group), which 
corroborates with the results obtained by West et al. [30]. 
Therefore, its ineffectiveness can be explained by the limited 
use of desensitizing toothpaste (about 8 days), suggesting 
that it is not sufficient to form the sealing film. Increasing 
the number of applications and time of use may be necessary 
to obtain DH relief [31].

The G3 (group treated with photobiomodulation ther-
apy) during the third treatment session showed a significant 
reduction in the level of pain, as observed in the study by 
Lopes et al. [32]. A percentage increase in pain sensitivity 
was observed after 1 month, representing a non-lasting effect 
for this therapy. Photobiomodulation induces an analgesic 
effect by changing the depolarization of the afferent C fiber 
and preventing nerve transmission of the pain stimulus to 
the central nervous system, which causes pain relief [9]. The 
LASER analgesic mechanism prevents pain transmission 
[33]; however, the analgesic effect tends to decrease over 
time if the treatment does not continue, suggesting a possible 
explanation for the results of this clinical study.

PBM therapy combined with strontium acetate contain-
ing desensitizing toothpaste (G4) obtained the best results 
for both intragroup and intergroup comparisons, showing 
to be statistically significant (p < 0.05) in relation to the 
other treatments, rejecting  H01. In scientific literature, sev-
eral clinical trials have studied the efficacy of strontium 
acetate in controlling DH [33–37]; however, there are no 
findings that address its combination with photobiomodu-
lation. Strontium is naturally present in enamel and dentin. 
Since it acts in a similar way to calcium, replacing it in the 
formation of hydroxyapatite [calcium strontium apatite, 
 Ca6Sr4(PO4)6(OH)2], strontium also has a remineralizing 
activity, maintaining its effectiveness in strontium deposi-
tion [38] and dentin tubule obliteration [39]. PBM also acts 
in biomodulatory therapy in dental pulp, resulting in the 
obliteration of dentinal tubules by increasing the cellular 
metabolic activity of odontoblasts, redoubling the produc-
tion of tertiary dentin [40]; this may explain the stabilization 
of pain, in this group, 1 month after treatment completion. 
PBM increases the metabolic activity of cells and the pro-
duction of tertiary dentin [41]. PBM may accelerate the for-
mation of strontium apatite, increasing its effect on dentin. 
To the best of the authors’ knowledge, no previous clinical 
trial has evaluated the potential of these protocols and their 
combinations in reducing DH.

The QEDH applied before and after the treatment dis-
closed an improvement in the quality of life of the volunteers 
allocated in the group with the combination of PBM and 
strontium acetate containing toothpaste, showing a statisti-
cally significant difference (p < 0.05) in relation to the other 
treatments, and a decrease in the Likert scale after 1 month 
for intragroup comparisons, rejecting  H02. QEDH offers a 
tool to quantify the effects of DH on daily life, with the 
potential to measure the effectiveness of interventions and 
treatments associated with the disease [16]. The results of 
the QEDH confirmed the effect of desensitizing therapies 
on the quality of life of the participants in this clinical trial. 
Many current studies have performed this analysis [15, 25, 
42–45]. Baker et al. [46] point out that the QEDH is a valid 
and responsive measure capable of discriminating treatments 

Table 5  Mean and standard 
deviation of injury depth in the 
different groups

GROUPS (n = 80) Injury depth
M (± SD)

G1 0.71 ± (0.1)
G2 0.54 ± (0.3)
G3 0.83 ± (0.2)
G4 0.67 ± (0.2)
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of different effectiveness. Assessing the effectiveness of 
these desensitizing therapies considering the quality of life 
is essential. It is necessary to perform future research on 
sensitivity, always using the parameter of quality of life.

Monitoring patients over the time is necessary to treat the 
pain sensitivity of non-carious lesions, which is a limitation 
of this study. Evaluation of the long-term effects of the treat-
ment is suggested.

Conclusion

The combination of PBM and SA 8% therapies effectively 
reduced dentin sensitivity compared to the other combina-
tions for a limited period of 7 days and had a positive impact 
on the EDH.
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