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Abstract
Dental Hypersensitivity is the most commonly encountered dental problems associated with short, sharp pain 
rising from exposed dentine in response to stimuli such as tactile, osmotic and chemical. Hypersensitivity 
may present on several teeth, in one area of the mouth, or on one specific tooth. DHS should be differentiated 
from another tooth sensitivity which may elicit from other clinical conditions such as dental caries, 
microleakage, cracked tooth or fractured restorations. Several treatment strategies such as desensitization 
of nerve endings, masking of dentin tubules, occlusion of dentin tubules, and iontophoresis, are prevalent 
in clinical practices. Stannous ions, most commonly used in toothpastes as stannous fluoride, have been 
demonstrated to occlude dentine tubules in vitro. SnF2 toothpaste formulations have been used for several 
decades and are widely accepted as an effective DH treatment. Recently advanced nanotechnology has taken 
a wide leap in improving the various measures in the treatment of hypersensitivity by its nano particles. 
Nano structures have superior hardness, elasticity and flexural strength leading to its better application. 
Biomimetic particles desensitizing effect of nanocrystals which is caused by the progressive closure of the 
tubular openings of the dentine with plugs. These advancements have progressed the growth in the treatment 
of Dental Hypersensitivity and have evoked a great amount of attention for improving disease prevention.  
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Introduction

Dentine hypersensitivity (DHS) is one of the 
most commonly encountered dental problems. It is 
characterized by short, sharp pain arising from exposed 
dentine in response to stimuli, typically thermal, 
evaporative, tactile, osmotic or chemical and which 
cannot be ascribed to any other dental defects or 

pathology 1. Dentinal hypersensitivity is defined as an 
exaggerated response to a stimulus that usually causes 
no response in a healthy tooth & also an exaggerated 
response to a non-harmful stimulus which evoke pain 
without causing pathologic alteration to the dentin-
pulpo complex. A modification of this definition is 
usually recommended by the Canadian planning board 
on Dentinal hypersensitivity in 2003 which suggested 
that disease should be substituted for pathology. The 
definition provides the clinical description of the 
condition & identifies Dentinal hypersensitivity as a 
distinct clinical identity 2–4. Others terms to explain DH 
are created by substituting the word dentinal, adding site 
descriptors, like cervical or root, and mixing this with 
either hypersensitivity or sensitivity.
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Hypersensitivity may present on several teeth, in 
one area of the mouth, or on one specific tooth 5,6. DHS 
should be differentiated from another tooth sensitivity 
which may elicit from other clinical conditions such as 
dental caries, microleakage, cracked tooth or fractured 
restorations 3. The clinical management of DHS has 
been a challenge for clinician, various treatment 
modalities are available, but the success of any sound 
treatment plan is depended on taking a detailed clinical 
and dietary history, differentially diagnose the condition 
from other dental pain conditions and identify and 
manage etiological and predisposing factors6–9. Despite 
the existence of those different terms, various authors 
prefer the term DH, commonly used and accepted for 
several decades, to explain a selected painful condition 
of teeth, which is distinct from others sorts of dentinal 
pain having different aetiologies. 

Prevalence and epidemiology

Various studies highlighted the incidence of DHS 
in major population ranges between 10-30% of the 
general population and the age range differs from 20-
50 years with the peak incidence present at the end of 
the third decade and reduces during the fourth and fifth 
decades of life 10–12. Such variations were performed to 
the differences in populations, dietaries, and methods 
of investigations which are usually through patient 
questionnaires or clinical examinations. The higher 
incidence is observed in females than in males which 

may cause hormonal influence and dietary practices 
13,14. In contrary, one study showed no difference in 
prevalence of dentine hypersensitivity in either gender, 
suggesting overall that as many males as females are 
susceptible. The type of teeth most widely involved, 
canines and premolars of both the arches are the most 
affected teeth. It was also reported that buccal aspect of 
cervical area is the commonly affected site 14.

Pathogenesis

It has been reported in the literature that DH 
develops in two different phases: lesion localization 
and lesion initiation 15. Lesion localization occurs by 
losing the protective covering over the dentin leading to 
exposure to external environment. It includes reduction 
of enamel via tooth wearing problems. Another cause 
for lesion localization is gingival recession which may 
flow from toothbrush abrasion, tooth preparation for 
crown, pocket reduction surgery ,excessive flossing or 
secondary to periodontal diseases 16. As stated earlier, 
not all exposed dentine is sensitive. For DH to occur, 
the lesion localization has got to be initiated. It occurs 
after the protective covering of smear layer is removed, 
resulting to exposure and opening of dentinal tubules. 

Mechanism of Dentin hypersensitivity

Three major mechanisms of dentinal sensitivity are 
proposed within the literature (Figure 1):

Figure 1. The schematic picture of the proposed theories 16
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·	 Direct innervation theory

·	 Odontoblast receptor

·	 Fluid movement/hydrodynamic theory

As per the direct innervation theory, nerve endings 
enters through the dentine and hold forth to the dentino-
enamel junction 17. Direct mechanical stimulation of 
these nerves leads to initiation an action potential. There 
is no evidence that outer dentin, which is typically the 
foremost sensitive part, is innervated. Developmental 
studies have reported that the plexus of Rashkow and 
intratubular nerves does not establish themselves until 
the tooth has erupted; whereas the newly erupted tooth 
is sensitive. Moreover, bradykinin does not induce pain 
when applied to dentine, and immersing with local 
anaesthetic solutions shows no signs of prevent pain, 
which does so when applied to skin.

Odontoblast receptor theory states that odontoblasts 
acts as receptors and relay the signal to a nerve terminal 18. 
But maximum studies have shown that odontoblasts are 
matrix forming cells and hence they are not considered 
to be excitable cells, and no synapses are demonstrated 
between odontoblasts and nerve terminals 3.

Brannstrom (1964) has suggested that dentinal 
Hydrodynamic theory, proposed by Gysi and explained 
further by Branstrom19 remains the most widely credited. 
Based on this theory, DH reduces with the depletion in 
fluid flowing within dentinal tubules 20. Pashley (1986) 
suggested that DH might be reduced physiologically by 
the formation of intratubular crystals from dentinal fluids 
and saliva minerals 21. Several treatment strategies such 
as desensitization of nerve endings, masking of dentin 
tubules, occlusion of dentin tubules, and iontophoresis, 
are prevalent in clinical practices.

Classification of Desensitizing Agents:

I.	 Mode of administration

At home desensitizing agents

In-office treatment

II.	 On the basis of mechanism of action

1.	 Nerve desensitization

·	 Potassium nitrate

·	 Protein precipitation

·	 Gluteraldehyde

·	 Silver nitrate

·	 Zinc chloride

·	 Strontium chloride hexahydrate

2.	 Plugging dentinal tubules

·	 Sodium fluoride

·	 Stannous fluoride

·	 Strontium chloride

·	 Potassium oxalate

·	 Calcium phosphate

·	 Calcium carbonate

·	 Bio active glasses (SiO2–P2O5–CaO–Na2O)

3.	 Dentine adhesive sealers

·	 Fluoride varnishes

·	 Oxalic acid and resin

·	 Glass ionomer cements

·	 Composites

·	 Dentin bonding agents

4.	 Lasers

·	 Neodymium:yttrium aluminum garnet (Nd-
YAG) laser

·	 GaAlAs (galium-aluminium-arsenide laser)

·	 Erbium-YAG laser

5.	 Homeopathic medication

·	 Propolis 

At-home therapy: 

When the desensitizing tooth pastes were presented 
on the market for the first time were those which 
contained strontium salt and fluoride that had the 
property to occlude dentinal tubules, whereas those 
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which contained formaldehyde, destroy vital elements 
inside the tubules. A t the present moment most of the 
desensitizing toothpastes contain potassium salts such 
as potassium chloride, and potassium nitrate 22. The 
studies have revealed that potassium salts move along 
the dentinal tubules by blocking the axonic action of the 
intra-dental nerve fibres which reduces the excitability 
of the tooth 4. 

Mouthwashes and chewing gums:

Findings reported that mouthwashes which 
consisted of potassium nitrate and fluoride reduce DH. A 
few studies on the chewing gums containing potassium 
chloride has been reported fair but not much reliable. 
About 2-4 weeks after at- home therapies, the degree 
of DH would be reinvestigated. If the pain still existed, 
the patient should start the next phase of the therapy; in-
office therapy 23.

In-office therapy:

Theoretically, in-office therapy of DH should cause 
prompt relief of the pain. Classification of various 
types of clinical desensitizing agents depend upon their 
mechanism of action and includes occluding dentinal 
tubules and disturbs the transmission of nerve impulses.

Management of Dentine Hypersensitivity focuses 
on two approaches: occluding dentine tubules or 
blocking impulse transmission in dentinal nerves. The 
former depends on ingredients that form hard deposits 
which partially occlude dentine tubules so external 
stimuli do not produce substantial shifts within fluid 
movement. Such agents include strontium or stannous 
salts, arginine plus insoluble calcium salts. Blocking of 
impulse transmission has been achieved by potassium 
ion; however, repeated administration appears to be 
required before symptomatic relief occur.

Short‐term studies have always been positive for 
SnF2 toothpastes applied using the focused brushing 
technique, with many demonstrating clinical efficacy 
versus a control toothpaste.

According to a randomized clinical study conducted 
by Jonathan et al, DH was assessed using evaporative 
(Schiff scale) and tactile (Yeaple probe) stimuli. 
Participants applied toothpaste to two sensitive teeth 
by fingertip (60 s each); DH was re‐assessed, prior to 

brushing. Test treatment participants brushed their 
sensitive teeth, with all participants then brushing all 
teeth for ≥60 s, twice daily for 3 days. DH was re‐
assessed. Data were analysed by study and the pooled 
analysis indicated test treatment significantly reduced 
DH versus control, Studies indicated that single, 
fingertip application of a SnF2 toothpaste reduced DH 
and provides relief increased over 3 days. Stannous ions, 
most commonly used in toothpastes as stannous fluoride, 
have been demonstrated to occlude dentine tubules in 
vitro. SnF2 toothpaste formulations have been used for 
several decades and are widely accepted as an effective 
DH treatment 24. 

Recent Advances

Nanotechnology (Nanohydroxyapatite Crystals): 
Recent Advancement in Treatment of Dentinal 
Hypersensitivity 

Norio Taniguchi in 1974 First elucidated, 
“Nanotechnology mainly consists of the processing of 
separation, consolidation, and deformation of material 
by one atom or one molecule” 25.

Nanotechnology has achieved a phenomenal 
progress in the last several decades. These are those 
materials with parts less than 100 nm in at least one 
dimension, which included clusters of atoms, fibres those 
are less than 100 nm diameter, grains less than 100 nm 
in size, films less than 100 nm in thickness, composites 
and nanoholes. They have evoked a great amount of 
attention for improving disease prevention, treatment 
and diagnosis. The definition provided by the National 
Nanotechnology Initiative, nanotechnology proposed 
specific phenomena and manipulation of materials over 
the nanoscale 26. Nanotechnology, it is the research and 
production of materials, devices and systems exhibiting 
physical, chemical, and biological properties which 
varies from those on a larger scale 25.

Freitas in 2000 proposed the term nano dentistry 
and stated that “new treatment opportunities, 
permanent hypersensitivity cure, complete orthodontic 
realignments during a single office visit, covalently 
bonded diamondized enamel and continuous oral health 
maintenance through the use of mechanical dentirobots” 
25. 
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Properties of Nanoparticles:

1. Particles have significant surface, size and 
quantum effects.

2. They have special properties, including chemical, 
magnetic, optical and electro-optical properties, which 
are different from those of individual molecules or bulk 
species.

3. Nanostructured materials are the development of 
self-building an autonomous organization of components 
into various patterns without human intervention 12. 

Fabrication Techniques:

In ‘top - down’ techniques, the micro-nano 
dimensions of the hydroxyapatite are obtained by milling 
larger particles of commercial synthetic hydroxyapatite. 
Only recently, the development of nanotechnologies has 
opened new opportunities in obtaining cheap HA micro-
nanoparticles using the ‘‘bottom up’’ methods, in order 
to improve the biological responses of natural HA. The 
bottom-up fabrication technique has been summarized 
in Figure 2. 

Various Nanostructures25

1. Nanopores

2. Nanotubes

3. Quantum dots

4. Nano shells

Gary and Leinfelde (2009) have summarized the 
types of nanoparticles in composite resins as below26

Type I: Subtype A: Nanometric particles 
disseminate as a single unit within the resin matrix.

Type I: Subtype B: Comprises of agglomerated 
cluster of nanoparticles.

Type II: Consists of cage like formation that is 
composed of 8 silicon atoms and 12 oxygen atoms.

Characteristics of nanofillers in dental composites 
make the nanocomposites superior to the traditional 
composites and blend with natural tooth structure far 
better.

1.	 Superior hardness

2.	 Superior flexural strength

3.	 Superior modulus of elasticity

4.	 Superior translucency, excellent colour density, 
high polish, esthetical appeal and polish retention

5.	 About 50% depletion in filling shrinkage

6.	 Good handling properties

Nano-resins are “utility in fielder” with ability to 
move over the walls of the cavity preparation, dampen 
the surface of dentine to assure good adaptation. 
These materials are often used as sealants and also as 
cement for thin staked porcelain veneers. Septodont’s 
N’Durance- Dimer flow is a latest flowable composite, 
which features unique chemistry and nanotechnology 
formulation. They have less shrinkage with simple 
handling and is a very aesthetic material. 

Nanotechnology in Dentistry:

Teeth Remineralization by Nanotechnology:

Hydroxyapatite Ca10(PO4)6(OH)6 building block 
of enamel, are the most constituent of dental tissues 
representing in enamel and dentin 95% - 97% wt. and 
75 % respectively and responsible for mechanical 
behaviour of dental tissues. Hydroxyapatite (HA) is 
the most stable form of calcium phosphate. Enamel 
prismatic HA crystals consist of a weaving of prisms 
ranging from 3 to 5 μm in diameter. A single prism 
reveals a highly organized array of fastened needle like 
HA crystallites (approximately 30 nm thick, 60 nm wide 
and numerous mm long). Unlike bone, in enamel and 
dentine when HA is dissolved or abraded, it cannot 
spontaneously remineralize because enamel is bereft 
of deprived of regenerative cells and contrarily dentine 
apposition occurs only towards the pulp tissues 27.

Biogenic Hydroxyapatite V/S Biomimetic 
Synthetic:

Hydroxyapatite (Nanohydroxyapatite)

Biogenic carbonate hydroxyapatite (CHA) 
nanocrystals, constituents’ mineral phase of calcified 
tissues like bone, dentin and enamel. They comprise of 
4-8 wt.% of carbonate anions, which is approximately 
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25 nm wide, 60 nm in long and 2-5 nm thick. They 
exhibited a nonstoichiometric composition and have 
considerable low degree of crystallinity. Synthetic 
biomimetic CHA nanocrystals are similar to biogenic 
CHA nanocrystals. Biomimetic CHA nanocrystals are 
synthesized, comprising 4 ± 1 wt.% of carbonate ions, 
mostly 100 and 20 nm in size with a plate and acicular 
morphology respectively. They are stoichiometric in 
large amount of Ca/P molar ratio of about 1.6-1.7 28. 
Synthetic bioresorbable biomimetic hydroxyapatite nano 
and micro crystals provides good properties like bone 
filler biomaterial, such as bioactivity, osteoconductive, 
biocompatibility, direct bonding to bone, etc., exciting 
new applications of HA in the fields of bone tissue 
engineering and orthopaedic therapies.

Presently, synthetic CHA biomimetic nanocrystals 
proven to produce, In Vitro, re-mineralization of the 
altered enamel surfaces and closure of dentinal tubules, 
thus providing a prospective use in desensitizing 
dentifrices. Hefferren et al. have suggested that, 
increased

re-mineralization occurs frequently with apatite 
particles sizes <4 μm 29. There is a potentially desensitizing 
effect of biomimetic CHA nanocrystals, is caused by the 
progressive closure of the tubular openings of the dentine 
with plugs within a few minutes until the regeneration 
of a mineralized layer has occurred within a few hours. 
Natural hypersensitive teeth have 8 times higher surface 
density of dentinal tubules and diameter with twice as 
large than non-sensitive teeth 14. Reconstructive dental 
nanorobots, using native biological materials, could 
selectively and precisely occlude specific tubules within 
minutes, offering patients a quick and permanent cure 
30. Field Emission Scanning Electron Microscope (FE-
SEM) observation of the nano-HAP-treated dentine 
surface showed that nano-HAP uniformly occluded the 
dentinal tubules with a dentinal plug and a protective 
layer on the surface of the dentine was also formed 31. 

Challenges Faced by Nanodentistry: 

• Accurate positioning and assembly of molecular 
scale part

• Economical nanorobot mass production technique

• Biocompatibility

• Simultaneous coordination of activities of large 
numbers of independent micron-scale robots

• Social issues of public acceptance, ethics, 
regulation and human safety

Conclusion

Dentinal hypersensitivity is a relatively common 
and significant dental problem which can be successfully 
managed by a very wide variety of procedures, agents 
and formulations applied locally either “in office” or “at 
home”. These hydroxyapatites are surface nanostructured 
and have higher surface area and consequently higher 
reactivity, allowing them to bind to enamel and dentine 
apatite producing a biomimetic coating on enamel, 
contrasting plaque formation and sealing dentine tubules 
and annulling hypersensitivity. Advancements in the 
management of dental hypersensitivity is slowly taking 
a new step into technological development. 
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