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Aims: The aim of this study was to compare the effect of toothpastes containing 
hydroxyapatite (nHAP), Zn-Mg-hydroxyapatite (nZnMgHAP), and fluorapatite 
(nFAP) nanocrystals on dentin hypersensitivity (DH) associated with noncarious 
cervical lesions. Materials and Methods: Thirty consenting volunteers aged 
35–45 years with DH were enrolled in a double-blind, parallel study, randomly 
assigned to the nHAP group (n = 10), the nZnMgHAP group (n = 10), or the 
nFAP group (n = 10), and instructed to use the toothpaste twice daily for one 
month. The primary outcome was Schiff  scores at baseline and after 2 and 4 
weeks. Results: All patients fulfilled the study requirements, and no adverse 
effects were registered. A  reduction in DH was registered in 90%, 100%, and 
50% of patients using nHAP, nZnMgHAP, and nFAP-containing toothpastes 
with effect sizes 2.52 (confidence interval [CI] 95%: 0.82, 4.14), 3.30 (CI 95%: 
1.33, 5.20), and 1.44 (CI 95%: 0.09, 2.72), respectively. At 4 weeks, Schiff  index 
scores decreased significantly in all groups compared to baseline. Conclusions: 
nZnMgHAP may be considered a promising agent for DH management.
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IntroductIon

D entin hypersensitivity (DH) is one of the most 
painful and least successfully treated chronic 

problems of teeth. This condition significantly affects 
oral health-related quality of life, negatively impacting 
on patients’ daily routines such as speaking, eating, 
drinking, toothbrushing,[1,2] and in severe cases, even 
sleeping and work.[3] An average prevalence of DH in a 
population was reported to be 33.5%; however, studies 
that included only young adults reported a higher 
prevalence of DH.[4]

DH represents a sharp, short pain in response to various 
stimuli resulting from the exposure of dentinal tubules 
to the oral environment,[5,6] which most commonly 
develops at the cervical margin due to gingival recession 
and/or loss of enamel or cement.[7,8] Periodontal 

disease, lack of alveolar bone, or thin biotype alone or 
in association with erosion, abrasion, and abfraction 
may cause the exposure of dentinal tubules.[9]

Conventional DH management aims at occluding 
dentinal tubules or creating precipitates inside them. 
In recent years, particular attention has been focused 
on the use of calcium apatites as desensitizing agents 
due to their biocompatibility and bioactivity.[10] 
Hydroxyapatite (HAP)-based materials possess a 
desensitizing potential resulting from the occlusion 
of dentinal tubules and formation of a mineralized 
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barrier.[11] In toothpastes, HAP is mainly used in the 
form of nanocrystals (nHAP), which are easier to 
dissolve compared to larger particle sizes.[12] Different 
HAP- and nHAP-containing toothpastes are effective 
in reducing DH in many studies.[13-16] Although many 
treatment regimens with the use of calcium apatites have 
been recommended in recent years, there is a paucity of 
literature on the comparison of various modifications 
of nHAP. Therefore, the present study aimed to 
compare the effect of toothpastes containing nano-
hydroxyapatite (nHAP), nano-Zn-Mg-hydroxyapatite 
(nZnMgHAP), and nano-fluoroapatite (nFAP) on DH 
associated with noncarious cervical lesions.

MAterIAls And Methods

In vivo

Ethical approval
This clinical study was approved by the Local Ethics 
Committee (Protocol no.  11–13) and registered on 
clinicaltrials.gov registry (no. NCT04896294).

Study design
The in vivo study included the assessment of the effect 
of toothpastes containing nHAP, nZnMgHAP, or 
nFAP on DH. A double-blind, randomized, three-arm 
parallel-group study was conducted in May 2021–July 
2021 in the Department of Therapeutic Dentistry.

Sampling criteria
The patients visiting our Dental Institute were invited 
to participate in the study. Thirty adult volunteers aged 
35–45 years with clinically diagnosed DH were enrolled 
and assigned to interventions by four study authors 
(MP, MA, VD, and IS). Written informed consent was 
obtained for participation in the study and publication 
of the data for research and education purposes.

Inclusion criteria

• age 35–45 years;
• signed informed consent form;
• diagnosis of DH stated clinically;
• a premolar or first molar with a noncarious cervical 

defect of at least 1 mm and not deeper than 1.5 mm; 
no mesial, distal, or buccal restorations (to avoid 
confounding hypersensitivity);

• a hypersensitivity score of 2 or higher on the Schiff  
scale with standardized air-blast stimulation;

• no other tooth in the same quadrant showing 
hypersensitivity.

Exclusion criteria

• medical and pharmacotherapeutic histories that 
may compromise the protocol (pregnancy or 

breastfeeding, allergies to toothpastes ingredients, 
eating disorders);

• systemic conditions that are etiologic to DH (e.g., 
chronic acid regurgitation);

• excessive dietary or environmental exposure to 
acids;

• periodontal surgery in the preceding 3 months;
• orthodontic appliance treatment within previous 

3 months;
• teeth or supporting structures with any other painful 

pathology or defects;
• teeth restored in the preceding 3 months;
• abutment teeth for fixed or removable prostheses;
• extensively restored teeth and those with restorations 

extending into the test area.

Randomization
Eligible subjects were randomized at the baseline visit in 
a 1:1:1 ratio to the nHAP, nZnMgHAP, or nFAP groups 
[Table 1] and received sealed containers numbered by a 
“third party” containing the toothpastes in white bottles 
without any titles. Neither patients nor researchers were 
aware of the type of the toothpaste used.

Interventions
During a “wash-out” period (4 weeks), the study 
population did not use desensitizing products, and their 
home-care regimen and products were standardized: 
identical toothpastes (Enzycal Zero, CURAPROX by 
Curaden AG, Kriens, Switzerland) and identical soft 
toothbrushes (CS 1560 soft, CURAPROX by Curaden 
AG, Kriens, Switzerland) were provided; brushing 
technique was taught. During the main phase of the 
study, the patients were instructed to use the assigned 
toothpastes and uniform toothbrushes twice daily 
for a month. Control examinations were carried out 
at baseline and after 2 and 4 weeks. At the baseline 
visit, demographics, medical history, and medication 
history were recorded, and dental examination was 
performed including the Simplified Oral Hygiene index 
(OHI-S) and Schiff  sensitivity tests. During the second 
and third visits, the OHI-S and Schiff  sensitivity tests 
were repeated, and adverse events were assessed and 
documented.

Outcomes
The primary outcome measure was a change in DH 
score according to the Schiff index.

The air from an air/water syringe was applied 
perpendicular to the cervical areas of all teeth from a 
distance of 1 cm for one second. The sensitivity of the 
assessed teeth was estimated in accordance with the 
following criteria:
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0––no reaction;

1––discomfort, but the patient does not insist on 
stopping the test;

2––discomfort accompanied by a request to discontinue 
the test;

3––severe pain reaction with pronounced motor 
reactions aimed at the immediate termination of the 
test.

in vitro

Ethical approval
SEM evaluation of the extracted teeth was performed 
in compliance with the protocol approved by the Ethics 
Committee of Sechenov University.[11-18]

Study design
The in vitro study included scanning electron 
microscopy (SEM) assessment of dentinal tubules 
occlusion following application of the aforementioned 
toothpastes on the dentin samples.

Specimen preparation
To assess the occlusion of the dentinal tubules, 3 intact 
mandibular third molars were obtained. The molars 
were extracted from patients aged 25–30 years due to 
orthodontic issues without severe systemic and dental 
conditions. A  cross-sectional cut was performed with 
a diamond disk under the water cooling in the plane 
parallel to the roof of the pulp chamber. Silicon carbide 
paper (SiC) 600 and 1200 Grit were used sequentially.[11] 
Dentine specimens were immersed in EDTA 17% 
solution for 5 min, rinsed with water, air-dried, mounted 
on aluminum stubs, after which pre-treatment baseline 

SEM evaluation was performed.[17] Then the samples 
were treated with the assigned toothpastes (2-min 
cycles) twice daily for 28 days. After the treatment, the 
samples were washed with water and air-dried, and 
post-treatment SEM evaluation was performed.

SEM examination
SEM examination was carried out using a Scios field 
emission SEM (FEI, Eindhoven, Netherlands), at 
×6000 magnification at a voltage of 1.0 kV.

StatiStical analySiS

The sample size was determined for the primary 
outcome (Shiff ’s sensitivity scores) according to a 
trial by Vano et al.,[18] where a similar design was used. 
Sample size calculations were done using the online 
calculator for ANOVA: the power was set at 80%, alfa 
level was set as 0.05. The allocation ratio was equal 
to 1.  The resultant target sample size comprised 10 
participants in each group (7 participants according 
to sample size calculations plus 30% to account for 
possible dropout), that is, a total of 30 patients.

The normality and sphericity of distribution were 
assessed with Shapiro–Wilk test and Levene’s tests, 
respectively. One-way analysis of variance (ANOVA) 
and Fisher’s exact test for count data were used to 
compare the genders and the mean ages of the patients 
in the groups, respectively. The data were presented 
as means, standard deviations, and 95% confidence 
intervals for each group at each timepoint of the study. 
Repeated measures mixed ANOVA was performed 
followed by post hoc Tukey test for independent groups 
and repeated measures t-test with adjustment for 

Table 1: Characteristics of the tested toothpastes
Group Toothpaste composition Active ingredient description
nHAP Aqua, Sorbitol, Hydrated Silica, Glycerin, Hydroxyapatite, Cellulose 

Gum, Sodium Myristoyl Sarcosinate, Sodium Methyl Cocoyl Taurate, 
Aroma, Xanthan Gum, Stevia Rebaudiana Extract, Anethole, Tetrasodium 
Glutamate Diacetate, Tocopheryl Acetate, Eucalyptol, o-Cymen-5-ol, Citric 
Acid, Vitis Vinifera (Grape) Seed Extract, Tannase, Thymol, Limonene.

Weakly crystallized HAP, 
containing up to 20% of the 
amorphous phase  
Primary particles were 
nanofibers, rounded 
nanoparticles  
Primary particle size was 
5–50 nm

nZnMgHAP Aqua, Sorbitol, Hydrated Silica, Glycerin, Zn-Mg-hydroxyapatite, Cellulose 
Gum, Sodium Myristoyl Sarcosinate, Sodium Methyl Cocoyl Taurate, 
Aroma, Xanthan Gum,Stevia Rebaudiana Extract, Anethole, Tetrasodium 
Glutamate Diacetate, Tocopheryl Acetate, Eucalyptol, o-Cymen-5-ol, Citric 
Acid, Vitis Vinifera (Grape) Seed Extract, Tannase, Thymol, Limonene.

ZnMgHAP aggregates were 
soft, loose, spherical particles  
Primary particle size was 40 nm

nFAP Aqua, Sorbitol, Hydrated Silica, Glycerin, Fluorapatite, Cellulose Gum, 
Sodium Myristoyl Sarcosinate, Sodium Methyl Cocoyl Taurate, Aroma, 
Xanthan Gum, Stevia Rebaudiana Extract, Anethole, Tetrasodium 
Glutamate Diacetate, Tocopheryl Acetate, Eucalyptol, o-Cymen-5-ol, Citric 
Acid, Vitis Vinifera (Grape) Seed Extract, Tannase, Thymol, Limonene.

Aggregates were soft, loose, 
spherical particles  
Primary particle size was 
20–40 nm.  
1.88% F in dry residue

nHAP = nano-hydroxyapatite, nZnMgHAP = nano-Zn-Mg-hydroxyapatite, nFAP = nano-fluoroapatite
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multiple comparisons for dependent groups. Fisher’s 
exact test was used to compare the proportions of 
Schiff  scores in the study groups at each timepoint. 
Hedge’s g was used to calculate effect size in each group 
by comparing mean Schiff  scores at baseline and at the 
end of the study.

Data entry was completed in the RedCap database. 
The de-identified data were exported into CSV file 
format and analyzed in R version 3.6.0 (2019-04-26). 
We analyzed all subjects who did not substantially 
deviate from the protocol as to be determined on a per-
subject basis by the study’s principal investigator (KB) 
immediately before database lock.

results

in vivo

Patient flow and demographics
Fifty-seven volunteers aged 35–45 years were assessed 
for the eligibility to participate in the study and 30 
eligible consenting patients were enrolled and randomly 

assigned to group 1 (n = 10), group 2 (n = 10), or group 
3 (n = 10) [Figure 1 and Table 2]. All patients fulfilled 
the study requirements and were included in the final 
analysis. No adverse effects were registered.

Dentin sensitivity testing
At 2 weeks, a reduction in DH was registered in 70%, 
100%, and 40% of patients using nHAP-, nZnMgHAP-, 
and nFAP-containing toothpastes, respectively. By the 
end of the study, a decrease from the baseline Schiff  
scores was observed in 90% of patients in the nHAP 
group and 100% of patients in the nZnMgHAP group, 
whereas in the nFAP group only 50% of patients showed 
a decline in sensitivity. Table 3 shows the distribution of 
Schiff  score values across the study groups at different 
timepoints.

The mean level of DH according to the Schiff  scale 
at baseline ranged from 2.4 to 2.5 points and did not 
differ significantly among the groups. At 2 weeks, a 
significant decrease in DH was observed in the nHAP 
and nZnMgHAP groups, which comprised 0.7 and 1.0 

Assessed for eligibility (n=57) 

Randomized (n=30) 

Allocated to interven�on nHAP 
(n=10):

Received allocated interven�on 
(n=10)

Did not receive allocated 
interven�on (n=0)

Lost to follow-up  (n=0) 
Discon�nued interven�on (n=0) 

Analysed (n=10):
Excluded from analysis (n=0) 

Allocated to interven�on 
nZnMgHAP (n=10):

Received allocated interven�on 
(n=10)

Did not receive allocated 
interven�on (n=0)

Lost to follow-up (n=0) 
Discon�nued interven�on (n=0) 

Analysed (n=10):
Excluded from analysis (n=0) 

Allocated to interven�on nFAP 
(n=10):

Received allocated interven�on 
(n=10)

Did not receive allocated 
interven�on (n=0)

Lost to follow-up (n=0) 
Discon�nued interven�on (n=0) 

Analysed (n=10):
Excluded from analysis (n=0) 

Excluded (n=27):
Not mee�ng inclusion criteria 

(n=20) Mee�ng exclusion criteria 
(n=7)

Figure 1: Participant flow diagram
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points, respectively. At 4 weeks of follow-up, the Schiff  
index scores in all groups were significantly lower 
than at baseline [Table 4]. Treatment effect sizes in the 
nHAP, nZnMgHAP, and nFAP groups were 2.52 (CI 
95%: 0.82, 4.14), 3.30 (CI 95%: 1.33, 5.20), and 1.44 (CI 
95%: 0.09, 2.72), respectively.

According to the results of ANOVA, the “group” factor 
did not affect the level of oral hygiene (P  =  0.834). 
“Time” was a significant factor for oral hygiene (0.0001): 
the differences within each group were significant 
between baseline and 2 weeks and baseline and 4 weeks, 
whereas the differences between the 2-week and 4-week 
timepoints were insignificant [Table 5].

In vitro
SEM images were obtained before and after the 21-day 
brushing experiment [Figure 2]. SEM revealed the 
formation of the protective layer on the dentin surface 
and precipitates in the entrances to the dentinal tubules. 
Nearly complete dentinal tubules occlusion was noted 
after the application of the nHAP-containing and 

nZnMgHAP-containing toothpastes, whereas after the 
application of the nFAP-containing toothpaste there 
were some non-filled tubular entrances.

dIscussIon

In this study, we found a significant decrease in teeth 
sensitivity after 2 weeks in the nHAP and nZnMgHAP 
groups and after 4 weeks in all groups. The nZnMgHAP-
containing toothpaste was significantly more effective 
than the nFAP-containing toothpaste at 2 weeks of 
follow-up and more effective than the other tested 
toothpastes at 4 weeks of follow-up.

The improvement in oral hygiene observed at 2 and 4 
weeks in all groups was probably due to motivation, 
instructions provided to the participants, and regular 
recalls. Besides, nHAP-based toothpastes may show an 
antiplaque effect.[19]

The desensitizing effect of HAP and nHAP-containing 
agents has been reported in a number of clinical 
studies.[14,15,18,20-22] A recent systematic review by de Melo 

Table 2: Subject demographics
Tested toothpaste nHAP nZnMgHAP nFAP P Value*
Sex n (%)     
 Female 7 (70) 6 (60) 6 (60) 1.00
 Male 3 (30) 4 (40) 4 (40)  
 Total 10 (100) 10 (100) 10 (100)  
Age     
 Mean ± SD 37.5 ± 2 39.1 ± 2.5 37.5 ± 2.3 0.217
 Median [Q1, Q3] 37 [36, 38.8] 38.5 [38, 41.2] 36.5 [36, 39.8]  
 Min, max 35, 41 35, 43 35, 41  
nHAP = nano-hydroxyapatite, nZnMgHAP = nano-Zn-Mg-hydroxyapatite, nFAP = nano-fluoroapatite 
*P < 0.05

Table 3: Distribution of Schiff scores across the study groups (%)
Score nHAP  

(0w)a

nHAP  
(2w)b

nHAP  
(4w)c

nZnMgHAP  
(0w)a

nZnMgHAP  
(2w)b

nZnMgHAP  
(4w)c

nFAP  
(0w)a

nFAP  
(2w)b

nFAP  
(4w)c

0 0 0 0 0 0 60 0 0 0
1 0 20 70 0 60 40 0 10 40
2 50 80 30 60 40 0 60 60 60
3 50 0 0 40 0 0 40 30 0
nHAP = nano-hydroxyapatite, nZnMgHAP = nano-Zn-Mg-hydroxyapatite, nFAP = nano-fluoroapatite 
aBetween-group p-value = 0.7366 (Fisher’s exact test) at baseline
bBetween-group p-value = 0.033 (Fisher’s exact test) at 2-week timepoint 
cBetween-group p-value = 0.00083 (Fisher’s exact test) at 4-week timepoint

Table 4: Schiff index values (mean ± standard deviation, 95% confidence intervals)
Group Baseline 2 weeks 4 weeks
nHAP 2.5 ± 0.53(2.17–2.83)a 1.8 ± 0.42(1.54–2.06)bc 1.3 ± 0.48(1.00–1.60)b

nZnMgHAP 2.4 ± 0.52(2.08–2.72)a 1.4 ± 0.52(1.08–1.72)b 0.4 ± 0.52(0.08–0.72)d

nFAP 2.5 ± 0.53(2.17–2.83)a 2.2 ± 0.63(1.81–2.59)ac 1.6 ± 0.52(1.28–1.92)b

nHAP = nano-hydroxyapatite, nZnMgHAP = nano-Zn-Mg-hydroxyapatite, nFAP = nano-fluoroapatite
a,b,cThe same superscript letters denote statistically homogenous groups
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et  al.[23] concluded that nHAP-containing treatment 
showed greater DH relief compared to other desensitizing 
agents, placebo, or negative control. An analysis of 
30 randomized clinical trials conducted by Hu et al.[24] 
yielded similar results. There was no significant difference 
in the effect among calcium sodium phosphosilicate-
containing, potassium-containing, and strontium-
containing toothpastes, whereas nHAP proved to be 
the most effective treatment for DH. In their systematic 
review, Marto et  al.[25] confirmed the effectiveness of 
HAP in the long-term at-home treatment of DH.

In our study, we also observed a significant reduction 
in DH after a 2-week use of the nHAP-containing 
toothpaste, and after 4 weeks 90% of patients showed a 
decrease in Schiff  scores.

There have been several investigations on the effect of 
HAP and nHAP formulations doped with different 
ions in DH treatments.[26-30] A desensitizing effect was 
reported for biomimetic 20% microcrystalline Zn HAP,[27] 
zinc-carbonate hydroxyapatite nanocrystals,[26,28,29] 
and carbonate apatite nanocrystals.[30] According to 
our findings, nHAP modifications doped with various 
ions were also effective in DH management, and the 
nZnMgHAP group showed a statistically greater 
reduction in hypersensitivity compared with the other 
groups.

Dentinal tubules diameter has been shown to correlate 
with DH.[31-33] In a study by Yilmaz et al.,[34] the clinical 

desensitizing effect was related to the reduction in 
the number/patency of dentin tubules observed using 
SEM. On the basis of previous research, Esposti et al.[11] 
assumed that the desensitizing clinical effect exerted by 
the toothpaste corresponds to the degree of dentinal 
tubules occlusion. We assessed the dentinal tubule 
occluding capability of the studied toothpastes in vitro 
in order to confirm the possible mechanism of the 
desensitizing effect observed clinically. A considerable 
amount of literature has been published on the in 
vitro assessment of the plugging effect of various 
desensitizing toothpastes.[11,13,20,35-40] Almost complete 
dentinal tubules obliteration after HAP application 
has been reported in many previous studies.[13,20,35,36] 
Their results are in agreement with our findings, as 
we observed protective layer formation on the dentin 
surface and complete dentinal tubules occlusion in 
the nHAP group. At the same time, Jena et  al.[37] 
and Amaechi et  al.[38] reported the presence of both 
completely and partially occluded tubules together 
with precipitate layer deposition.

In our study, the nFAP-containing toothpaste showed 
the worst plugging effect with a moderate number 
of non-filled tubular entrances. Similar results were 
reported by Taha et  al.,[41] who found only partial 
obstruction (<50%) of the open dentinal tubules after 
3-min application of a toothpaste containing nanosized 
FAP. Dessai et al.[42] reported that the release of FAP 
from fluoride-containing bioactive glasses provided 
occlusion of 25% to 50% of dentinal tubules.

According to our findings, the nZnMgHAP-containing 
toothpaste provided an occluding effect similar to that 
of the nHAP-containing toothpaste. To the best of 
our knowledge, none of the previous studies evaluated 
a toothpaste with similar composition. However, 
there have been several investigations on the plugging 
capability of HAP doped with Mg or Zn in combination 
with other ions. For example, Esposti et al.[11] reported 
a complete occlusion of exposed dentinal tubules after 
brushing with a toothpaste containing ion-doped 
hydroxyapatite (Sr-Mg-CO3-HA) and FAP. According 
to Lee et  al.,[39] the application of 20% nCHAP 
provided 79.5% less open tubular area compared with 
the baseline. Taken together, these results suggest that 

Table 5: OHI-S index values (mean ± standard deviation, 95% confidence intervals)
Group Baseline 2 weeks 4 weeks
HAP 1.95 ± 0.14 (1.72–2.17)a 1.57 ± 0.34 (1.36–1.77)b 1.38 ± 0.34 (1.17–1.60)b

ZnMgHAP 2.03 ± 0.41 (1.78–2.29)a 1.45 ± 0.37 (1.22–1.68)b 1.23 ± 0,55 (0.89–1.57)b

FAP 2.05 ± 0.52 (1.73–2.37)a 1.38 ± 0.54 (1.05–1.71)b 1.45 ± 0,34 (1.24–1.66)b

nHAP = nano-hydroxyapatite, nZnMgHAP = nano-Zn-Mg-hydroxyapatite, nFAP = nano-fluoroapatite
a,bThe same superscript letters denote statistically homogenous groups

Figure 2: SEM images of dentin specimen surface before (A–C) and 
after (D–F) 21-day of toothpastes application of nHAP-containing 
toothpaste, nZnMgHAP-containing toothpaste, and  
nFAP-containing toothpaste, respectively
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the use of HAP and nHAP doped with various ions 
may help develop products for DH management.

conclusIon

According to our findings, the nZnMgHAP-containing 
toothpaste provided a significant reduction in airblast 
sensitivity after 2 weeks of daily use in adult patients with 
cervical noncarious defects. This effect was significantly 
greater compared to pure nHAP and nFAP. Therefore, 
nZnMgHAP may be considered a promising agent for 
DH management. However, more research with bigger 
sample sizes and broader age groups is needed to assess 
the long-term effect of this formulation.

Future scope/clInIcAl sIgnIFIcAnce

Overall, the evidence from this study suggests that 
nZnMgHAP as a toothpaste component may be 
superior to pure nHAP and nFAP for DH relief  in 
adult patients. The limitations of the study include 
small sample size and a limited age group (35–45-year-
old patients). In addition, a longer follow-up could be 
useful to reveal the long-term effect of the use of the 
assessed toothpastes. Although no adverse reactions 
or harms were found in this study, these reactions 
may become evident after more prolonged use of the 
toothpastes.
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