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TREATMENT OF DENTIN HYPERSENSITIVITY WITH A 
COMBINATION OF NANO- FLUOR-HYDROXYAPATITE AND 
ND:YAG LASER 

TRAITEMENT DE L’HYPERSENSIBILITÉ DENTINAIRE AVEC UNE 
COMBINAISON DE NANO-FLUORHYDROXYAPATITE ET DE LASER 
ND: YAG 

Abstract 
The aim of this study was to evaluate a new treatment modality of dentin hypersensitivity combining nano-fluor-hydroxyapatite (NFH) 
and Nd:YAg laser and to compare its effect with other therapies such as cyanoacrylate and sodium fluoride using scanning electron 
microscope.
Sixty freshly extracted human premolar teeth were collected. The coronal portion of each tooth was removed and the canals were 
instrumented and obturated with gutta-percha. A 3 mm wide ring of root surface was cut with a rotary instrument to expose the 
underlying dentin. Teeth were randomly separated into six groups of ten teeth each: 1) combination of NFH and Nd:YAG laser; 2) 
Nd:YAG laser; 3) NFH; 4) desensitizing cyanoacrylate resin bonding (Tetric® N Ceram); 5) 2% sodium fluoride; 6) control group. The 
topography of each group after treatment was determined by scanning electron micrograph. The percentage of occluded tubules was 
calculated by dividing the total number of occluded tubules by the total number of tubules in each photomicrography.
The highest occluding effect of dentinal tubules was obtained for the combination of NFH and Nd:YAG laser (99.8 ± 3.3%). However, 
no significant difference was found among groups 2 (83.1 ± 5.2%), 3 (82.3 ± 4.4%), 4 (82.1 ± 7.2%) and 5 (81.4 ± 3.5%) 
(p>0.05); these treatment modalities showed similar occluding effect on dentinal tubules. 
The use of NFH and Nd:YAG laser was beneficial for closure of exposed dentinal tubules compared to other treatment modalities. 
This approach could be promising for dentin hypersensitivity treatment. 

Keywords: Dentin hypersensitivity – nano-fluor-hydroxyapatite - Nd:YAG laser - scanning electron microscope – dentinal 
tubules.
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Résumé
Le but de cette étude était d’évaluer une nouvelle modalité de traitement de l’hypersensibilité dentinaire combinant la nanofluoro-
hydroxyapatite (NFH) et laser Nd: YAG et de la comparer à d’autres thérapies telles que le fluorure de sodium et le cyanoacrylate.  
Soixante prémolaires humaines fraîchement extraites ont été recueillies. La partie coronaire de chaque dent a été coupée et les 
canaux ont été instrumentés et obturés avec de la gutta-percha. Un anneau de 3 mm de largeur de la surface de la racine a été coupé 
avec un instrument rotatif pour exposer la dentine sous-jacente. Les dents ont été aléatoirement répartis en six groupes de dix dents 
chacun: 1) couplage NFH / laser Nd: YAG, 2) laser Nd: YAG; 3) NFH; 4) résine cyanoacrylate (Tetric® N Ceram); 5) 2% de fluorure 
de sodium; 6) groupe témoin. La topographie de chaque groupe après le traitement a été déterminée par microscopie électronique 
à balayage et le pourcentage de tubules oblitérés  a été calculé.
Un plus grand nombre de tubulis oblitérés a été observé dans le groupe 1 (couplage NFH / laser Nd: YAG (99,8 ± 3,3%)). Toutefois, 
aucune différence statistiquement significative n’a été observée entre les groupes 2 (83,1 ± 5,2%), 3 (82,3 ± 4,4%), 4 (82,1 ± 
7,2%) et 5 (81,4 ± 3,5%) (p> 0,05). 
L’utilisation combinée de l’NFH et du laser Nd: YAG a été bénéfique pour la fermeture des tubulis dentinaires exposés par rapport aux 
autres modalités de traitement. Cette approche paraît très  prometteuse pour le traitement de l’hypersensibilité dentinaire.

Mots-clés: hypersensibilité dentinaire – nanofluorohydroxyapatite - microscope électronique à balayage – tubulis dentinaires.
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Introduction

Dentin hypersensitivity (DH) is a sharp, 
localized and short pain in response 
to thermal, chemical, mechanical or 
osmotic stimuli, ceasing after the sti-
mulus removal. The etiology of hyper-
sensitivity is multifactorial and the fac-
tors involved are unclear [1]. 
There are several theories for dentinal 
hypersensitivity such as the odonto-
blastic transduction theory [2, 3], the 
neural theory [4] and the hydrodyna-
mic theory [5, 6]. The most accepted 
for dentinal hypersensitivity is the 
hydrodynamic theory first described 
by Brannstorm [5, 6]: the free endings 
of the nerve fibers located around 
the odontoblastic body and the inner 
dentine are probably activated by 
fluid movement within tubules from 
a variety of stimuli. Hoang et al. [7] 
confirmed in their study that the flow 
of liquids in dentinal tubules can trig-
ger nerves along the pulpal canal of the 
dentin, causing pain.
In order to exhibit a response to the 
stimulus, the tubules would have to 
be opened at the dentin surface. The 
most important variable affecting the 
fluid flow in dentin is the radius of the 
tubuli. If the radius is reduced by one-
half, the fluid flow within the tubuli falls 
to one-sixteenth of its original rate. 
Consequently, the creation of a smear 
layer or obliteration of the tubules can 
greatly increase the effectiveness of a 
desensitizing treatment [8]. Various 
findings concerning the occluding 
effect of desensitizing agents on open 
dentinal tubules have been reported, 
but the permeation through dentinal 
tubules is still problematic [9]. 

There is a surprisingly large number of 
treatment options for managing denti-
nal hypersensitivity.
Chemical or physical agents are used 
to either desensitize the nerve or cover 
the exposed dentinal tubules [8].
Cyanoacrylate has an immediate 
desensitizing effect on hypersensitive 
dentin, has been shown to be bio-
compatible, and may be used to treat 
hypersensitive teeth. It blocks the den-

tinal tubules, prevents displacement of 
fluids within the tubules, and results in 
little or no response to stimuli [10]. It 
has the advantages of being a low-cost 
product, readily available, easily appli-
cable, effective and safe [11]. 
Treatment of the exposed root surfaces 
with sodium fluoride toothpaste and 
concentrated fluoride solutions is very 
efficient in managing dentinal hyper-
sensitivity. The mode of action appears 
to be through the induction of a high 
mineral content which creates a cal-
cific barrier blocking the tubular ope-
nings on the dentine surface [12]. 
Hydroxyapatite (HA) is the main com-
ponent of human bones and teeth [13, 
14]. Synthetic HA has become one of 
the hot topics for biological material 
research over the past few decades due 
to its biocompatibility and its bioacti-
vity. Since HA has a crystal structure 
similar to human teeth, preliminary 
researches exploring the effects of 
HA in easing dentine hypersensiti-
vity, remineralization of early enamel 
lesion, and whitening by adding HA to 
dentifrice have been reported in recent 
years [15, 16].
In fact, the fluor-hydroxyapatite forms 
solid solutions with HA by the replace-
ment of OH− by F−. Hence, modulation 
of the extent of fluoride substitution 
provides an effective way of controlling 
the solubility of the apatite [17].
Mesoporous silica biomaterial, which 
contains nano-sized calcium oxide par-
ticles (40 nm) has been used by Chiang 
et al. [18]. These nano-carriers can 
penetrate through dentinal tubules 
with a depth of 100 μm and signifi-
cantly reduce dentin permeability. 
Thus, using nano-sized particles might 
have great potential applications for 
the clinical treatment of dentin hyper-
sensitivity. Further investigations are 
being conducted to test its feasibility 
under clinical application parameters, 
such as wear resistance, longevity in 
saliva, and biocompatibility.
Laser technology has gained popularity 
over the recent years, and many appli-
cations of laser technology in dentis-
try and medicine have been proposed. 
The first use of laser in the treatment of 

DH was reported by Matsumoto et al. 
[19]. The mechanism of action of the 
neodmiyum:yttrium-aliminum garnet 
(Nd:YAG) laser on dentin involves ther-
mal energy absorption. Hydroxyapatite 
crystals melt in the presence of suffi-
cient amount of energy leading to the 
closure of dentin tubules [20]. Given 
its ability to close the dentin tubules 
and decrease hydraulic conductance, 
the Nd:YAG laser would appear to 
have a potential to reduce root surface 
hypersensitivity without harming the 
dentin surface [21].
The use of a combination of nano-fluor-
hydroxyapatite (NFH) with laser to 
induce closing the dentinal tubules is 
not described in the literature. The aim 
of this study was to evaluate the use 
of a combination of NFH and Nd:YAG 
laser in reducing dentin permeability 
and obliterating dentinal tubules and 
to compare the generated effect with 
other conventional modalities.

Material and Methods

Sample preparation
Sixty freshly extracted human premo-
lar teeth were collected and stored in 
normal saline solution at room tem-
perature. The coronal portion of each 
tooth was removed to the level of the 
cervical line using a diamond disc. The 
patency of each canal was established 
using a k-file #10, the pulpal tissue was 
removed by using barbed broaches and 
the working length was determined by 
subtracting 1 mm from the length at 
which the tip of the k-file just appeared 
at the apical foramen. The canals were 
instrumented using a conventional 
hand instrumentation technique and 
a master apical file # 60 k-type. Each 
canal was irrigated with 2.5% sodium 
hypochlorite solution then dried with 
paper points. Master gutta-percha 
cones were fitted to within 1 mm of 
the working length. The canals were 
obturated completely using the late-
ral condensation technique and zinc 
oxide type sealer. Excess gutta-percha 
was removed with a heated instrument 
to a level 2 mm apical to the canals ori-
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fices and the coronal access prepara-
tions were closed with zinc phosphate 
cement. All teeth were stored in 100% 
humidity at 37°C for 48h. A 3 mm wide 
ring of root surface, 2 mm apical to the 
coronal rim of each specimen was cut 
by a rotary instrument attached to a 
special microlathe to expose under-
lying dentin [10].  

Treatment groups
The prepared teeth were randomly 
separated into six groups of ten teeth 
each:
- �Group 1: The exposed dentinal 

tubules were treated with the com-
bination of NFH and Nd:YAG laser 
(focus mode, wavelength of 1064 nm, 
100 mJ, 100 Hz repetition rate) for 2 
seconds. 

- �Group 2: The teeth were treated with 
Nd:YAG laser only (focus mode, 

wavelength of 1064 nm, 100 mJ, 100 
Hz repetition rate for 2 seconds. 

- �Group 3: The teeth were treated with 
NFH by applying a single layer on 
the surface of the exposed dentinal 
tubules. 

- �Group 4: The teeth were treated 
with a cyanoacrylate adhesive sys-
tem (Tetric® N Ceram) by applying 
a single layer on the surface of the 
exposed dentinal tubules. 

- �Group 5: The teeth were treated with 
a single application of 2% sodium 
fluoride. 

- �Group 6: Control group.
  
Scanning electron microscope 
examination

The teeth were air-dried and mounted 
on aluminum stubs. After sputtering 
with a 40 nm layer of gold by using 
Balzers SCD 050 apparatus, wall sur-
faces of the treated samples were 

examined using a scanning electron 
microscope (SEM) (5000x) operating 
at 10-15 kV. The surface topography 
of the dentine substrate was eva-
luated after treatment of all groups 
[11]. Photomicrographs were taken 
from each dentinal surface examined, 
approximately 100 µm above the gin-
gival margin, at x 5000 magnification.

Statistical analyses

The primary outcome variable of the 
study was the percentage of occluded 
tubules obtained when dividing the 
total number of occluded tubules by 
the total number of tubules in each 
photomicrography. 
Analysis of variance followed by Tukey 
post hoc test was conducted for com-
parison between groups. The level of 
significance was 0.05.

Groups Treatment groups Mean (%)

1 NFH + Nd:YAG laser 99.8 ±3.3

2 Nd:YAG laser 83.1±5.2

3 NFH 82.3±4.4

4 Cyanoacrylate (Tetric® N Ceram) 82.1±7.2

5 2% Sodium fluoride 81.4±3.5

6 Control 2.1±0.7

Table 1: Mean percentage of occluding 
dentinal tubules on the dentin surface.

Fig. 1: Mean percentage of occluded dentinal tubules 
on the dentin surface in the different groups.
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Results

A significant difference was found 
between the group 1 combining NFH 
and Nd:YAG laser and the others treat-
ment modalities (p <0.05); the percen-

Fig.6: Scanning electron micrograph of dentin 
surface treated with sodium fluoride (x 5000).

Fig.7: Scanning electron micrograph of dentin 
surface in the absence of treatment (x 5000).

Fig. 4: Scanning electron micrograph of dentin 
surface treated with NFH (x 5000).

Fig. 5: Scanning electron micrograph of dentin 
surface treated with dentin adhesive system-Tetric® 
N Ceram (x 5000).

Fig. 2: Scanning electron micrograph of dentin after 
treatment with NFH and Nd:YAG laser ( x 5000).

Fig. 3: Scanning electron micrograph of dentin 
surface treated with Nd:YAG laser (x 5000).

tage of the occluded tubules observed 
in this group was 99.8±3.3%. 
Furthermore, no significant difference 
was found among groups 2 (83.1 ± 
5.2%), 3 (82.3 ± 4.4%), 4 (82.1 ± 7.2%) 
and 5 (81.4 ± 3.5%) (p >0.05) (Table 
1, Fig. 1). These treatment modalities 
showed similar occluding effect on 
dentinal tubules. 

Moreover, there were highly significant 
differences between the control group 
(2.1 ± 0.7 %) and the other five groups. 
Scanning electron micrograph of speci-
mens in group 1 showed many deposits 
in and around the orifices of the den-
tinal tubules and a recrystallization of 
the dentin substrate with NFH (Fig. 2). 
Group 2 showed partial deposits on the 
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dentinal surface; some orifices of den-
tinal tubules remained patent (Fig. 3). 
Group 3 showed deposition of NFH 
on the dentin surface but the dentinal 
tubules were not completely oblitera-
ted (Fig. 4). In group 4, a partial closure 
of some dentinal tubules was obser-
ved, others were still patent (Fig. 5). 
Also, in group 5, the dentinal tubules 
were not completely closed (Fig. 6). 
In the control group, the dentinal 
tubules looked open with some depo-
sit of smear layer around the tubules 
orifices (Fig. 7).

Discussion

Dentine hypersensitivity refers to the 
transient and severe pain arising from 
stimulation of exposed dentine with 
cold, heat and mechanical pressure. 
The increase in human life expectancy 
at the same time increases the lifetime 
of teeth in the mouth. Many diseases, 
including physiological wear, enamel 
hypoplasia, wedge-shaped defects, 
and gingival recession can lead to 
exposed dentine [22]. 
The prevalence of dentine hypersensi-
tivity thus shows a clear upward trend 
all around the world. It was reported 
that the prevalence of dentine hyper-
sensitivity was about 4–57 % in adults 
and that the prevalence reached up to 
60–98 % in patients with periodontal 
diseases [23].
Numerous desensitizing agents have 
been tried and used in the history of 
dentistry to alleviate the pain from 
hypersensitive dentine. 
The delivery mode of these desensiti-
zing agents on the tooth surfaces can 
be in various forms such as dentifrices, 
gel, varnishes, tooth mousse and solu-
tions which take longer time to act, 
and reduce the hypersensitivity only 
after multiple applications. 
Most of the DH treatments aim to 
block exposed dentin tubules reducing 
dentine permeability, and reducing 
or preventing dentin fluid flow due to 
external stimulus [24]. 
The objective of the present study 
was to evaluate different agents used 

in treating dentin hypersensitivity, as 
they can affect dentin permeability or 
cause dentinal tubule occlusion. To 
date, most of the therapies have failed 
to satisfy the patients. 
In our study, occlusion of the dentinal 
tubules was obtained in all the expe-
rimental groups with varying degrees; 
the difference between these experi-
mental groups and the control group 
was statistically significant.  
Sodium fluoride solutions are very effi-
cient in managing dentinal hypersen-
sitivity [25].  Tal et al. [26] suggested 
that the probable desensitizing effects 
of fluoride are related to the precipita-
ted fluoride compounds mechanically 
blocking the exposed dentinal tubules 
or the transmission of stimuli.  In our 
study, and after a single application, 
81.4% of the dentinal tubules were 
blocked.
Sealing of dentinal tubules with resins 
and adhesives (cyanoacrylate) has 
been advocated for many years in the 
management of dentinal hypersen-
sitivity [27]. In our study, 82% of the 
tubules were sealed as shown in the 
SEM. However, problems arise when 
the adhesive breaks away resulting in 
tubules exposure. This technique is 
generally reserved for localized denti-
nal hypersensitivity rather than gene-
ralized dentinal pain [28].
The effect of Nd:YAG laser on DH can 
be related to the laser-induced occlu-
sion or narrowing of the dentin tubules 
[29]. Direct nerve analgesia [30] and 
suppressive effect achieved by bloc-
king the depolarization of Aδ and C 
fibers [31] are also considered to be 
the possible mechanisms by which 
Nd:YAG laser irradiation reduces 
DH. The occlusion of some dentinal 
tubules could be due to the recrystal-
lization of dentin and bending of the 
inner walls of the tubules orifices to 
the inside direction [32]. Used alone, 
it caused the occlusion of 82.3% of 
the dentinal tubules. Because laser 
devices are still relatively costly, their 
use is limited [33].

Conclusion

The ideal desensitizing agent is yet 
not known. Study results are variable 
and certain agents work best in cer-
tain circumstances and with certain 
individuals. 
Our study shows that the combination 
of NFH and Nd:YAG laser was an excel-
lent method for closure of exposed 
dentinal tubules compared to other 
treatment modalities and could be a 
promising treatment modality for den-
tin hypersensitivity. 
Hence, this in vitro study should be fol-
lowed by prospective clinical studies 
to evaluate the long-term efficacy of 
NFH and Nd:YAG laser on the hyper-
sensitivity of teeth compared to other 
classic treatment modalities.
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