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Abstract
Background. Novel materials used for dentin hypersensitivity (DH) treatment, including hydroxyapatite-
based desensitizers, are not only effective in occluding dentinal tubules, but are also biocompatible and 
non-toxic. A newly formulated desensitizer containing hydroxyapatite was evaluated in comparison to com-
mercially available desensitizers.

Objectives. To compare the occluding efficacy and durability of 3 commercially available desensitizing agents 
with a pharmaceutical composition developed by the authors based on hydroxyapatite (HAp).

Material and methods. For the experiment, 40 disc-shaped dentin specimens (5 mm thick) were ob-
tained from extracted human teeth. Each disc was divided into 4 sections, so that each desensitizing agent 
could be applied to each specimen and prepared for further evaluation in most homogenous conditions. 
The chemical composition of the dentin surfaces was analyzed using scanning electron microscopy (SEM) 
equipped with an energy-dispersive X-ray spectroscope (EDS), Fourier-transform infrared (FTIR) and Raman 
spectra techniques. The specimens were immersed in an artificial saliva solution for 24 h, 48 h and 7 days 
to assess the durability of the layers and the tubule-obliteration effectiveness. Data analysis was performed 
using Student’s t-test with an average value of normal distribution at an unknown variance with a standard 
deviation (SD) of σ–0.4.

Results. All the test groups showed some degree of dentinal tubule occlusion or a covering layer, but the HAp-
based composition proved to be the longest-lasting. It was concluded that the developed pharmaceutical 
composition creates a coating on the dentin surface built of hydroxyapatite crystals sized 10–20 µm, which 
are likely to constitute a reservoir of calcium and phosphate ions, as well as smaller crystals (0.2–0.3 µm) 
that occlude dentinal tubules.

Conclusions. The composition containing biocompatible hydroxyapatite effectively occluded dentinal tu-
bules and therefore exhibits a potential for reducing the pain and discomfort caused by dentin hypersensitivity.
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Introduction

One of the many sensations accompanying us through-
out our lifetime is pain. This physical sensation warns us 
against any violation of physiological barriers or events 
exceeding the  adaptive possibilities of  our bodies and 
body structures, including teeth. A healthy tooth con-
sists of a well innervated and vascularized pulp, dentin, 
enamel, and cement. If physical, chemical or iatrogenic 
factors damage this structure, it causes pain, which may 
become unbearable and force patients to seek specialized 
help. Tooth hypersensitivity, or more appropriately dentin 
(or dentinal) hypersensitivity (DH), is defined as an exces-
sive response to harmless external stimuli,1 which, accord-
ing to researchers, affects as many as 74–80% of the adult 
population, depending on the geographical region.2,3

According to hydrodynamic theories, any restriction 
of tubular fluid movement contributes to the reduction 
of DH.4 There are 2 main chairside approaches for treat-
ing DH: the obliteration of dentin tubules to reduce tubu-
lar fluid movement, and desensitization of nerves to reduce 
their sensitivity to stimuli.5,6 Nerves can be desensitized 
with the use of potassium nitrate, and dentin tubules can 
be occluded with, e.g., glutaraldehyde, silver nitrate or zinc 
chloride, sealed by dentinal adhesives, or by laser (Nd:YAG, 
GaAlAs, Er:YAG).7–14

To date, numerous studies have been conducted with dif-
ferent active ingredients such as strontium chloride, po-
tassium nitrate, potassium, iron and aluminum oxalates, 
bioactive glass, sodium citrate, potassium citrate, calcium 
hydroxyapatite, glutaraldehyde, potassium bicarbonate, 
cyanoacrylates, strontium chloride, calcium hydroxide, 
and silver nitrate in search of a perfect solution for DH.15–

18 Among these materials, nanohydroxyapatite (nHAp) 
is believed to be one of the most effective treatment op-
tions. Its biocompatibility and bioactive nature have been 
widely used in medicine and dentistry.19,20 Hydroxyapa-
tite is a crystallized nonorganic calcium compound that 
is biocompatible and a natural constituent of bones and 
teeth, and it has gained acceptance in treating DH in re-
cent years. There are many in vitro and clinical studies 
that have reported the effective dentin occlusion capabil-
ities of nHAp.19–25

The aim of this in vitro study was to develop a novel 
biocompatible, non-toxic hydroxyapatite-based agent that 
could be used in restorative dentistry.

Material and methods

This study was based on  chemical and radiograph-
ic examinations. The experiment protocol was approved 
by the Bioethics Committee at Wroclaw Medical Univer-
sity (Poland), approval No. KB 230/2014, and has been con-
ducted in full accordance with the World Medical Associa-
tion Declaration of Helsinki. The experimental part of this 

study included selected desensitizing agents that are known 
for their obliterating features (Isodan®, Bifluorid®, Cer-
vitec®) and are commonly used in dentistry, as well as a hy-
droxyapatite-based composition developed by the authors.

Preparation of the HAp-based composition

The present study aimed to create a composition oblit-
erating dentinal tubules with the use of substances that 
may be metabolized by the cells present in the proxim-
ity and inside the tooth. The newly formulated desensi-
tizer consisted of hydroxyapatite (Nanosynhap, Poznań, 
Poland), citric acid and glycerol in a self-developed molar 
ratio. It was prepared by mixing citric acid with glycerol 
and then incubating it at 100°C for 24 h. After this time, 
the pH of the mixture was measured; it ranged from 1.5 
to 3.0. In the next step, calcium hydroxyapatite was add-
ed in the amount of 5–10% of the mixture weight. Tubes 
with the mixture were mounted on an IKA MS 3 basic 
mixer (IKA-Werke GmbH, Staufen im Breisgau, Germany) 
and mixed for 20 s. Then it was reheated at 100°C for 10 h. 
The pH of the mixture ranged from 2.45 to 4.19.

Infrared spectra

Infrared spectra in the 4000–400 cm−1 range were mea-
sured using a Vertex 70V Fourier-transform infrared spec-
troscopy (FTIR) vacuum spectrometer (Brüker Corp., Bill-
erica, USA) for the self-developed composition at different 
concentrations. The measurements were made with the at-
tenuated internal reflection technique, using a single-re-
flection ATR with a diamond crystal in vacuum conditions.

Raman spectra

After analyzing the infrared spectra and literature re-
ports, we  decided to  perform additional Raman spec-
tra measurements on the same samples. Raman spectra 
were measured on a Multi-RAM FT-Raman spectrom-
eter (Brüker Corp.) equipped with a germanium detec-
tor. The  samples were induced with a 1064 nm wave-
length laser (Nd:YAG). The measurements were made 
in  the 3600–50 cm−1 spectral range, with a  resolution 
of 4 cm−1; the number of scans was 256, with laser power 
on a 500 mW sample.

Desensitizing agents and artificial saliva

The commercially-available desensitizing agents includ-
ed in the study were Isodan®, Bifluorid® and Cervitec®. 
Isodan® (Septodont Corp., Saint-Maur-des-Fossés, France) 
is a multi-compound product in the form of a gel that con-
sists of 2-hydroxyethyl methacrylate, potassium nitrate 
and sodium fluoride. Bifluorid 10® (Voco GmbH, Cux
haven, Germany) is a fluoride varnish that contains 5% so-
dium fluoride and 5% calcium fluoride. Cervitec® (Ivoclar 
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Vivadent AG, Schaan, Liechtenstein) is a varnish consist-
ing of chlorhexidine and thymol.

We used a buffered solution of artificial saliva common-
ly used for experiments, with pH 6.7, in g/dm3, consisting 
of K2HPO4 (0.20); Na2HPO4 (0.26); KSCN (0.33); NaHCO3 
(1.5); NaCl (0.70); CO(NH2)2 (0.13); KCl (1.2).

Preparation of the teeth

Forty human teeth extracted due to orthodontic indi-
cations were used to assess the tubule occluding effec-
tiveness of the desensitizers. Under macroscopic evalu-
ation, the teeth appeared fully developed, without caries 
or enamel damage, and free of dental fillings. They were 
cleaned of any tissue residue, blood and saliva, and rinsed 
in NaCl. After drying at room temperature, each tooth 
was sectioned using a diamond separator (ST-DD 22×0; 
Falcon Medical, Lucca, Italy) under constant water cool-
ing to obtain 2 mm-thick enamel-dentin discs. The exter-
nal layer of the enamel was removed to expose the dentin 
using turbine diamond drills and Sof-Lex polishing discs 
(3M ESPE, Saint Paul, USA) to obtain homogeneous, flat 
and smooth surfaces. Selected discs were polished and 
rinsed in demineralized water for 5 min, and then etched 
in 40% citric acid for 1 min to remove the smear layer and 
open dentinal tubules to simulate DH. Afterward, they 
were washed in demineralized water and rinsed in an ul-
trasound washer for 10 min to remove any contaminations. 
Each of the discs was sectioned horizontally and vertically, 
as described in earlier studies,26–29 and divided in 4 equal 
parts (Fig. 1) to compare the tested desensitizers on each 
tooth in similar conditions. The substances under inves-
tigation were then applied to the surfaces of the open tu-
bules, as in the description shown in Fig. 1.

SEM surface examination

The  samples were observed at  ×500,  ×1000,  ×2000, 
and ×5000 magnification using an EVO® LS 15 scanning 
electron microscope (SEM) (Carl Zeiss, Oberkochen, 
Germany). Before the images were taken, a gold layer was 
sprayed onto the  test specimens using the EDWARDS 
SCANCOAT Six device (BOC Edwards, West Sussex, UK).

The SEM examination was performed before applying 
the desensitizing materials, immediately after applying 
them, and after 24 h and 48 h of immersion in the artificial 

saliva solution. After 7 days of immersion in the artificial 
saliva, a SEM examination of the sample with the HAp-
based formulation was carried out. Each of the images 
representing the tooth surface was investigated in terms 
of the agent used (B-Bifluorid®, C-Cervitec®, H-Hydroxy-
apatite, I-Isodan®) and the elapsed time (0 h, 24 h, 48 h, 
168 h) to analyze the dynamics of the changes.

Examination of the dentin disc surface

The extent of tubule occlusion was assessed by a trained 
examiner grading the SEM images. Each of the discs was 
divided into 4 sections, as shown in Fig. 1, to conduct 
a comparative assessment of the obliterating ability of the 3 
commercial desensitizers and our own composition. Spe-
cific regions of each specimen were covered with the de-
sensitizing agents according to the manufacturer’s instruc-
tions, while our own composition was rubbed into the disc 
surface using a micro brush for 10 s and left to dry. After 
the treatment, the specimens were prepared for analysis 
with SEM.

Statistical analysis of the diameter 
of the dentinal tubules

In the study, 8 tooth surface sets with 6 samples in sets 
1–7 and 3 samples in set 8 were randomly selected from 
among the tubules visible on 8 representative SEM pho-
tographs. The t-test was used to test the null hypothesis, 
which assumed a mean value ≥3 and standard deviation 
(SD) σ–0.4.

Results

FTIR spectra

When analyzing the FTIR spectra of the individual com-
ponents, we observed that the calcium phosphate (V) vi-
bration bands were obscured by the bands derived from cit-
ric acid and glycerol. In particular, the range of Ca3(PO4)2 
bands is  in  the area in which we observed glycerol vi-
bration bands. This method did not give us information 
on the qualitative composition of the self-developed mix-
ture, and we could not determine the change in the calci-
um phosphate (V) form in the analyses.

Raman spectra

After analyzing infrared spectra, we decided to measure 
Raman spectra on a Multi-RAM FT-Raman spectrome-
ter (Brüker Corp.) equipped with a germanium detector. 
The samples were excited with a 1064 nm wavelength laser 
(Nd:YAG). The measurements were performed in the 3600–
50 cm−1 spectral range, with a resolution of 4 cm−1, 256 scans 
per sample, and a laser power of 500 mW/sample.

Fig. 1. Dentin disc with desensitizing agents

HAp

BifluoridCervitec

Isodan
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We compared all the samples looking for differences 
in the oscillatory spectra (Fig. 2). Such differences would 
indicate the formation of a new compound, but we did not 
notice any changes. The bands present in the reference 
sample, which contained only calcium phosphate, were also 
present in the samples under analysis. The marker band, 
which is very intense in the spectrum of (PO4)2, at 963 cm−1, 
was present in each sample, which may indicate that no new 
compound had been formed. If a new form of phosphate 
had been formed, the marker band would have been absent. 
According to the literature, in Raman spectra of pure calci-
um phosphate (V), 4 bands (for different types of vibration 
symmetry) should be present: 2 bands of anion stretching 
vibrations [PO4]3− (ν[PO4]3−) and 2 bands that correspond 
to bending vibrations, i.e., δ[PO4]3−.30 Theoretically, these 
bands occur at appropriate frequencies:

− ν1[PO4]3− → 938 cm−1 (type A symmetry),
− ν3[PO4]3− → 1017 cm−1 (type T symmetry),
− δ2[PO4]3− → 420 cm−1 (type E symmetry), and
− δ4[PO4]3− → 567 cm−1 (type T symmetry).
They correspond to the wave numbers on the infrared 

calcium phosphate (V) spectra (FTIR):
− ν1 = 962 cm−1,
− ν3 = 1024 cm−1,
− δ2 = 472 cm−1, and
− δ4 = 600 + 561 cm−1.
The same bands are observed in Raman spectra:
− ν1= 963 cm−1 (the most important characteristic band, 

the very intense marker band),

− ν3 = 1017 + 1048 + 1030 cm−1 (mean of 3 bands, fission 
caused by the solid effect),

− δ2 = 470 + 432 cm−1 (mean of 2 bands), and
− δ4 = 609 + 592 + 581 cm−1 (mean of 3 bands).
Based on the above, the most promising mixture was 

selected for further study; it showed a similar amount 
of glycerol and calcium phosphate (V). The  intensity 
of the bands was similar (e.g., the intensity of the band 
at  1055  cm−1 from glycerol vibrations was similar 
to the intensity of the band at 963 cm−1). A small addi-
tion of citric acid was also observed in this sample (band 
at 1626 cm−1, vibrations in the dilution of -COOH cit-
ric acid groups).

SEM analysis

The SEM examinations did not show any pathological 
changes in the discs we evaluated. Their surfaces with open 
tubules, after removing the smear layer, are shown in Fig. 3. 
The image of the surface has been magnified ×1000, ×2000 
and ×5000. The dentinal tubule diameters were measured 
at ×5000 magnification, and they ranged from 2.714 µm 
to 3.729 µm (Fig. 3D).

After application of the desensitizers

Isodan® was evenly spread across the surface of the den-
tin. Irregularly shaped particles (sized 4–10 µm) were 
found, which were probably crystallized potassium salts, 

Fig. 2. A representative oscillation spectrum for a selected sample of the self-developed mixture
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one of the ingredients of the material (Fig. 4A). The HAp-
based composition developed by the authors tightly cov-
ered the dentin tubules with particles of unconnected hy-
droxyapatite with a maximum size of 30 µm (Fig. 4B) and 
small crystals (sized 200 nm) obliterating the  tubules. 
Bifluorid® created a tight, undulating layer on the dentin 
surface (Fig. 4C), whereas Cervitec® formed a tight var-
nish-like layer (Fig. 4D).

After 24 hours

On the dentin surface covered with Isodan® and incu-
bated for 24 h in artificial saliva (Fig. 4), crystals of the in-
gredients of  the  desensitizer were visible. Still, they 
showed indications of solvency, such as blurred edges and 
melting. The layer covering the tubules was still present, 
and in comparison with the image taken just after its ap-
plication (in which single tubules were open), much larger 
areas with still-open tubules could be seen. After exam-
ining the surface covered with HAp after a 24-hour incu-
bation in artificial saliva (Fig. 4F), larger hydroxyapatite 
crystals had become smaller, and the number of small-
er crystals directly blocking the tubules increased. No 
layer covering the dentin was observed in contrast with 
the previous examination, presented in Fig. 4B. After 

24 h, Bifluorid® still covered only some areas of the sur-
face, revealing a number of dentinal tubules (Fig. 4G). 
It  could not be ascertained unequivocally whether 
the cracks present resulted from the solubility of the lay-
er or from procedures connected with imaging. Since Bi-
fluorid® is a varnish, the ingredients probably cracked af-
ter covering the surface and in contact with saliva, and 
a layer of the product probably peeled off the dentin sur-
face. The surface covered with Cervitec® (Fig. 4H) was 
comparable to the image taken just after its application. 
The crater-like artifacts present in the image probably 
resulted from the process of preparing the sample for 
the SEM examination.

After these images were taken, the specimens were again 
immersed in the artificial saliva solution.

After 48 hours

After a 48-hour incubation in the artificial saliva solu-
tion, there was no trace of Isodan® on the surface (Fig. 4I). 
Probably, the layer dissolved and desorbed from the sur-
face, causing the dentinal tubules to open. Also, single crys-
tal-like formations appeared, but they may have been con-
taminants of the saliva solution. After 48 h in the artificial 
saliva solution, the surface covered with hydroxyapatite 

Fig. 3. SEM images of the dentin surface. A – Isodan®, SEM magnification ×1000; B – HAp, SEM magnification ×2000; C – Bifluorid®, SEM 
magnification ×5000; D – Cervitec®, SEM magnification ×5000, showing the sizes of the tubules obtained with morphometric analysis
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(Fig. 4J) still showed hydroxyapatite crystals (sized ap-
prox. 1 µm), creating conglomerates with uneven distri-
bution. Also, dentinal tubules obliterated with small crys-
tals were seen, as well as the layer covering the dentin. 
Examination of the surface covered with Bifluorid® after 
48 h (Fig. 4K) revealed evident disintegration of the coat-
ing, covering the dentin with cracks, and areas with open 
dentinal tubules were visible. Under microscopic evalua-
tion, dentinal tubules obliterated with particles or crystals 
formed from the disintegrating layer were seen. The sur-
face covered with Cervitec® (Fig. 4L) showed single cracks 
and a larger number of open dentinal tubules in compari-
son with the previous images (Fig. 4D,H).

After 7 days

After a seven-day incubation in artificial saliva, we per-
formed an SEM examination only for the HAp-based com-
position. It was impossible to do the same with the remain-
ing desensitizers, as the layers were completely dissolved. 
In the sample we examined, both large and small hydroxy-
apatite crystals and a coating covering the dentinal surface 
with many cracks were observed. There were many open 
dentinal tubules, but also quite a large number of oblit-
erated ones. A SEM image magnified ×15,000 was taken, 
in which hydroxyapatite crystals obliterating dentinal tu-
bules could be seen, as well as the layer covering the den-
tin around the tubules (Fig. 5).

Analysis of the dynamics of changes 
in the desensitizers

The analysis of the dynamics of changes aimed to de-
termine the effectiveness of closing the open dentin tu-
bules depending on the type of desensitizer used over time 
(Table 1). We observed that Bifluorid®, despite achieving 
the best results immediately after application, was charac-
terized by very dynamic degradation at subsequent stages 
of observation, indicating its average durability. Cervitec® 
showed good results immediately after application and 

Fig. 4. Surface morphology of dentin specimens after treatment with commercial desensitizing agents (Isodan, Bifluorid, Cervitec: A/C/D) and nano-
hydroxyapatite (B); after 24 h (E–H) and 48 h (I–L) of immersion in artificial saliva. Dental specimens covered with the examined substances after drying 
(A–D); the different textures and sizes of crystallized compounds predominant in each desensitizer are visible. The surfaces of the discs covered with 
the desensitizing agents after 24 h of incubation in artificial saliva (E,H). The rinse-off process from the tooth surfaces; opening of the dentinal tubules can 
be seen. The SEM images of the dentin surfaces 48 h after the application of the desensitizing agents (I–L)

Fig. 5. The image of the dentinal disc after applying self-developed 
HAp-based composition and incubation in artificial saliva for 7 days. 
The nanoparticles constituting the composition filled dentinal tubules 
and effectively blocked tubular fluid flow (SEM, magnification ×15,000)
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a very slow degradation rate at subsequent stages of ob-
servation, which indicated its relatively higher effective-
ness. Our hydroxyapatite-based agent, despite its initially 
limited effectiveness, was the only substance showing gra-
dation at successive time stages. In other words, its effec-
tiveness only appeared some time after the compound 
was deposited on the surface of the tooth. This shows 
its superiority over the other agents, in which the quality 

of tooth protection weakened with time. Isodan® exhib-
ited moderate efficacy when the first measurement was 
performed and significant (almost total) degradation with 
subsequent analyses. These results allowed us to draw very 
cautious conclusion that, in terms of the stability of the ef-
fects of the applied tubular obliteration technique, the best 
results can be obtained with the use of a hydroxyapatite-
based formulation with apatite crystals sized ≤300 nm.

Fig. 6. Surface mapping of the reference sample with a chemical composition graph. Chemical analyses of the 4 surfaces after application of the tested 
preparations showed the presence of characteristic elements for the given agent. For Isodan®, it was potassium and fluorine; for the self-developed 
desensitizer, calcium and phosphorus; for Bifluorid® it was fluorine; and for Cervitec®, chlorine. Also see Fig. 7 and 8

Table 1. The dynamics of changes in the number of open dentin tubules over time

Tested agent After application 24 h after 
application

48 h after 
application

168 h after 
application Initial Dynamics

Bifluorid® 0.00 ∞%↑ 362%↑ no data ++ −−

Cervitec® 45.00 20%↓ 64%↑ no data +/− +/−

HAp 4.00 1050%↑ 67%↓ 7%↓ + +

Isodan® 0.00 17.00%↓ no data no data + −−
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Results of the chemical analyses 
of the tested surfaces

After performing the chemical analyses and surface 
mapping of the reference sample, the presence of elements 
such as carbon, oxygen, calcium, phosphorus, and mag-
nesium characteristic of the dentin surface imaged using 
the SEM technique was revealed (Fig. 6).

Figure 7 presents the dynamics of the changes in the con-
centration of elements over time (0 h, 24 h, 48 h, 168 h) 
for all the tested agents. Since the protective layer created 
by Isodan® dissolved completely within 48 h, it was exclud-
ed from further analysis. At hour 168, only the self-devel-
oped pharmaceutical composition was analyzed because 
it was the only agent still present on the dentin surface. 
The cumulative chart presents 4 samples (B, C, H, I) with 
selected elements. The bars on the graph do not represent 
the entire chemical composition, but only quantitative con-
tents of the selected compounds (Fig. 8).

The chemical analysis of Isodan® performed immediately 
after its application showed the presence of elements such 
as potassium and sodium, as well as fluorine and nitrogen, 
most likely derived from the potassium nitrate and calcium 
fluoride present in the formulation (Fig. 7A). The hydroxy-
apatite-based desensitizer showed the presence of 2.26% 
phosphorus and 1.17% calcium in a molar ratio similar 
to  the reference sample (Fig. 7B). The surface covered 
with the 3rd desensitizer (Bifluorid®) showed significant 
amounts of fluorine, representing 47.52% of the chemical 
composition of the whole surface (Fig. 7C). The percentage 
increase in calcium content and the significant amounts 
of fluoride are most likely derived from calcium fluoride, 
which is the main component of Bifluorid®. In the chemi-
cal analysis of Cervitec® (Fig. 7D), the presence of chlorine 
was observed, most likely derived from chlorhexidine ac-
etate, the main active ingredient of the product.

After 24 h of immersion in the artificial saliva solution, 
another chemical analysis of the surfaces was performed. 
In the case of Isodan®, an absence of fluorine and potassi-
um (present in the first image) and unchanged levels of ni-
trogen and sodium were observed (Fig. 7E). The chemical 
composition of the HAp-based substance had not changed, 
but the ratio of phosphate ions to calcium ions was differ-
ent (Fig. 7F) with an increase in phosphate ions. The chem-
ical analysis of Bifluorid® revealed 1.5 times greater con-
centrations of calcium and phosphorus, and a ten-fold 
increase in fluorine (Fig. 7G) compared to the analysis 
immediately after application. This may indicate the re-
lease of these ions under the influence of saliva. The anal-
ysis of Cervitec® (Fig. 7H) showed that chlorine ions were 
still present (3 times fewer of them compared to the sam-
ple analyzed immediately after application).

After 48 h of immersion (Fig. 7J), the quantity of calcium 
and phosphorus ions in the HAp-based product was 4 times 
higher than in the earlier samples. This may indicate that 

artificial saliva influenced the dissolution of hydroxyapatite 
crystals and caused a steady release of calcium and phos-
phorus. Fluorine ions were still present on the Bifluorid®-
treated surface (Fig. 7K); however, compared to  the 1st 
measurements, their quantity had decreased by 1/3. A sig-
nificant decrease in the concentration of phosphorus and 
calcium ions was also observed. For Cervitec® (Fig. 7L), 
minimal levels of calcium, phosphate and chloride ions 
were found. Chemical analysis of the HA-p-based desen-
sitizer made 7 days after immersion in the artificial saliva 
solution showed the presence of calcium and phosphate 
ions in a molar ratio of about 1: 1, similarly to the test per-
formed after 24 h (Fig. 9).

Statistical analysis

The study showed an empirical average of observed tu-
bular diameters of 3.01 μm, with a minimum of 2.18 μm 
and a maximum of 4.30 μm. We tested the null hypothe-
sis that the size of dentin tubules was ≥3 μm, with p > 0.9 
(Table 2). Thus, the results of the statistical analysis con-
firm that as objects with diameters not exceeding 2.00 μm, 
hydroxyapatite crystals used as the active substance can 
penetrate defects occurring in the tooth surface and block 
tubular light.

Table 2. Sizes of the dentin tubules (where σ is standard deviation, 
andH is the null hypothesis)

N 45

min [µm] 2.18

median [µm] 3.01

max [µm] 4.30

σ [µm] 0.40

T (H_0:µ_0 ≥ 3 µm) 0.16

H_0:µ_0 ≥ 3 µm true

p-value (H_0:µ_0 ≥ 3 µm) > 0.9

<2.3 2.3 – 2.6 2.6 – 2.9 2.9 – 3.2 3.2 – 3.5 3.5 – 3.8 >3.8
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Fig. 7A–D. Chemical analysis of the surfaces with the agents applied. Chemical structure of the specimens just after application

2 4 6 8 10
keV

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 cps/eV

 C 
 N 
 O 

 Na  K 

 K 

 Ca 

Ca 

 P  Cl 

Cl 

0 2 4 6
keV

0

1

2

3

4

5

6

7

8

 cps/eV

 C  O  Si  Ca 

 Ca 

 Cl 
 Cl 

 P 
 N 

0 2 4 6 8
keV

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

 cps/eV

 C  O  Ca 

 Ca 

 F 
 Na 

 N 
 P  Si 

0 2 4 6 8
keV

0

1

2

3

4

5

 cps/eV

 C  O  Ca 

 Ca 

 N 
 P  Cl 

 Cl 

Isodan® Hydroxyapatite®

Bifluorid® Cervitec®

A B

C D



Ł. Pałka et al. Composition to treat tooth hypersensitivity1292

Fig. 7E–H. Chemical analysis of the surfaces with the agents applied. After a 24 h of immersion in artificial saliva
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Fig. 7I–L. Chemical analysis of the surfaces with the agents applied. After 48 h of immersed in artificial saliva
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Discussion

Tubule occlusion can be brought about by the deposi-
tion of mineral crystals either on the surface and/or within 
the dentinal tubules. Superficial occlusion of tubules can 
provide only short-term relief as the precipitate can either 
be removed by daily tooth brushing or dissolved by saliva 
and/or consumption of acidic beverages. Effective treat-
ment with long-term results has been related to intratu-
bular deposition of mineral crystals.31,32

Treatment of DH focuses on using substances that limit 
dentin permeability by obliterating dentinal tubules, mak-
ing the dentin insensitive to stimuli like airflow or prob-
ing, which, in normal conditions, cause dentinal fluid flow, 
and as a consequence activate the nerve endings present, 
inflicting pain.33 Studies have shown that dentinal flu-
id flow is proportional to the 4th power of the tubule ra-
dius. This means that when we reduce the radius by half 
anywhere along its length, the fluid flow will not decrease 
by half but to the 4th power, i.e., to 1/16 of  its primary 
flow.34 On the basis of  the above, it may be concluded 
that to reduce or eliminate DH, it is not necessary to oc-
clude tubules completely; but at the same time, the ques-
tion arises what extent of obliteration is sufficient and 
what percentage of exposed tubules should be obliterat-
ed to reduce DH so that the patient feels relief. Different 
active ingredients have been studied to assess their abil-
ity to treat DH. The commercially available desensitizing 
agents used in the present study consisted of such active 
ingredients as potassium nitrate, sodium fluoride, calci-
um fluoride, and chlorhexidine. McCornack and Davies 
suggested that potassium nitrate stimulates odontoblasts 
to synthesize and secrete nitric oxide (NO), which may act 
as a nerve blocker.34 Moreover, it has been observed that 
in the right concentration, potassium salts (e.g., potassium 
chloride) are able to block the activity of the tubular nerve 
endings.33 Calcium salts and phosphate-containing sub-
stances are supposed to generate the deposition of amor-
phous calcium phosphate crystals in the openings, while 

acidic calcium phosphate forms precipitates inside the den-
tinal tubules.35 Fluorine ions may react with free calcium 
ions and form calcium fluoride aggregates by occluding 
dentinal tubules.36 Ten Cate observed that a very low con-
centration of fluorine in liquid form at a low pH could al-
most completely block the dissolution of apatite crystals 
and reduce the degree of demineralization.37 Bizhang et al. 
reported that chlorhexidine (which inhibits the growth 
of bacteria permanently present on the tooth surface) pro-
tects teeth against demineralization.38 Also, satisfactory 
effects were obtained by combining chlorhexidine with 
fluoride.39 Madruga et al. compared the desensitizing ef-
ficacy of the resin-modified glass ionomer cement (GIC) 
ClinproTM XT (3M ESPE) and the conventional GIC Vid-
rion R (SS White Group, Gloucester, UK). Their findings 
suggest that conventional and resin-modified glass iono-
mer cements are also successful in managing DH.40

Dentin adhesion is not as easily achieved as enamel ad-
hesion, since dentin is  living tissue and enamel is not. 
The undisturbed permeability of the dentinal fluid from 
the chamber to the outside while preparing dentin causes 
its surface to undergo constant changes. In addition, all 
the agents applied to dentin and enamel surfaces are dis-
solved by tubular fluid. The smear layer on a prepared tooth 
consists of particles of dentin, collagen fibers, odontoblast 
residue, and bacteria. Its thickness ranges from 0.5 µm 
to 5.0 µm. It also prevents contact and chemical reactions 
with an active agent bonding with the dentin or with a de-
sensitizing agent.41,42 This is why in order to expose the tu-
bules and collagen fibers, it is necessary to achieve bonding 
of the desensitizers with the dentin, which has to under-
go chemo-mechanical preparations. The HAp-based com-
position seems to create a layer made of larger hydroxy-
apatite crystals (10–20 µm in size), which may constitute 
a reservoir of phosphorus and calcium ions as precursors 
of calcium phosphate − a substrate necessary for the next 
stage in  the  dentin remineralization process.43–46 Our 
chemical analysis and SEM examinations demonstrated 
that the HAp-based composition also consists of smaller 

Fig. 8. Dynamics of change in the concentration of chemical elements over time (B – Bifluorid®; C – Cervitec®; I – Isodan®; H – hydroxyapatite)
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crystals (0.2–0.3 µm) that successfully occlude dentinal 
tubules. Moreover, the layer formed seems to be durable, 
which has been proven by showing that both larger and 
smaller crystals were still present after rinsing for 24 h, 
48 h and 7 days in the artificial saliva solution.

The  aim of  the  analysis was to  determine the  abil-
ity to close open dentin tubules depending on the type 

of the desensitizer used and time elapsed since its appli-
cation (Table 1). The analysis of the dynamics of the num-
ber of exposed dentinal tubules showed that Bifluorid®, 
in spite of achieving the best results immediately after ap-
plication, is characterized by very dynamic degradation 
at subsequent stages of observation, indicating its moder-
ate durability; Cervitec® showed good results immediately 

Fig. 9. Chemical analysis of the authors’ HAp-based composition after 7 days. Chemical 
analysis of the authors’ HAp-based composition 7 days after immersion in artificial 
saliva showed the presence of calcium and phosphate ions in a molar ratio of about 1:1, 
as in the test performed after 24 h (Fig. 7F)
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after application and a very slow degradation rate at subse-
quent stages of observation, which indicates its good qual-
ity; the HAp-based composition, despite its initially limited 
effectiveness, was the only substance showing a gradation 
at successive time stages. In other words, its effectiveness 
only appeared after some time, when compounds were 
deposited on the surface of the tooth closing the tubules. 
Isodan® exhibited moderate efficacy when the 1st mea-
surement was performed and significant (almost total) 
degradation with subsequent analyses. The HAp-based 
pharmaceutical composition consists of biocompatible 
and biodegradable chemical compounds that can be found 
in our bodies. Hence any products of its dissolution should 
be removed through natural metabolic processes. This 
composition did not change its properties during storage. 
These results allow us to draw very cautious conclusions 
that, in terms of the stability of the effects of the applied 
tubular obliteration technique, the best results can be ob-
tained with the use of a hydroxyapatite-based formulation 
with apatite crystals sized ≤300 nm.

Conclusions

This in vitro study has shown that the use of hydroxy-
apatite particles <300 nm suspended in glycerol allows 
effective obliteration of dentinal tubules, which was shown 
in SEM images. It has been demonstrated that the use 
of a HAp-based agent with crystals smaller than 300 nm 
may occlude dentinal tubules, making it useful in the treat-
ment and prevention of DH. In the given experimental 
conditions, the durability of the protective coating after 
applying the authors’ own pharmaceutical composition 
was greater than all the other tested desensitizers.47 This 
makes it an excellent alternative to pharmaceutical prod-
ucts based on fluoride, potassium nitrate or multi-com-
ponent products, but further studies are required to con-
firm these findings.
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