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Abstract  

 On account of novel insights of dentine hypersensitivity implications on the pathophysiology

of dentine hypersensitivity. The dentine hypersensitivity is an increase in pain sensation which 

affects to quality of life. The pathophysiology of dentine hypersensitivity had still studied; therefore, 

this article will also focus on dentine hypersensitivity effects on the physiology of disease, immune 

systems, and related oral diseases, particularly physiology of the diseases and molecular mechanisms

on dentine hypersensitivity by periodontal disease, tooth defects, and orthodontic tooth movement.
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Introduction

 Dentine hypersensitivity is an ordinary oral 

sensation including pain, sensitivity. The dentine

hypersensitivity affects quality of life such as 

difficult to eating, sensitive to cold or hot water,

and psychological condition (1,2). The prevalence

of dentine hypersensitivity is ranged from 3 to 57 % 

depending on the subjective patients’ concerning

and study sample (3). The pathophysiology

of dentine hypersensitivity has multifactorial 

etiology. Recent studies have highlighted in the

pathophysiology of dentine hypersensitivity 

including the physiology of disease and 

pathophysiology of oral diseases related to dentine

hypersensitivity and the immune system.

Physiology of disease: dentine hypersensitivity 

 Hypersensitivity of teeth is a pain sensation.

This pain sensation is a sharp, shooting pain 

(4). Hypersensitivity indicates an abnormal pain 

sensation evoked by innocuous and noxious 

stimuli (5). The innocuous stimulus is a stimulus 

that is evoked by touch and air-flow. The airflow 

can evoke a pain sensation from prolonged or 

excessive stimuli. Noxious stimuli such as cold 

water and hypertonic solution can stimulate dentine

hypersensitivity. Examples of oral diseases that 

cause dentine hypersensitivity are tooth surface 

loss and periodontal disease (6). However, dental

caries, pulpitis, or defected restoration are not 

classified as dentine hypersensitivity (7-9). 

 The pathophysiology of dentine hypersen-

sitivity is associated with the anatomy of dentine.

Dentine is a particularized calcified mineral 

connective tissue that covered with enamel and 

cementum. Dentine and pulp tissue complex are 

responsible for nutrition and sensory function 

such as protect and against response to stimulus

in the teeth. The dentine contains specialized 

cells called odontoblasts. The odontoblasts are 

columnar cells that originating from neural crest 

cells. An extension of the odontoblasts is called 

odontoblast process or also called Tomes’s 

fibers. The dentinal tubule contains an odontoblast

cell process and free nerve ending nociceptive 

receptors (10). The free nerve ending plays a 

role in the transduction pain mechanisms (11). 

 The proposed theories for dentine 

hypersensitivity are the odontoblastic, nerve and 

hydrodynamic theories (12). For the odontoblastic

theory, odontoblastic processes are exposed on 

the dentine surface. The exposed dentine surface 

can be stimulated by chemical and mechanical 

stimuli. For the nerve theory, the presence of 

unmyelinated nerve fibers and neurogenic peptides

at the odontoblast process receive external stimuli

leading to the development of dentine hyper-

sensitivity (13,14). Nowadays, the hydrodynamic

theory is proved by Brännström and mostly 

supported dentine hypersensitivity. The changes

in fluid movement are caused by physical changes

such as thermal stimulus, mechanical stimulus,

and osmotic changes. All of the stimulations 

cause the movement of dentinal fluid and 

consequence to stimulate a physiological 

detector in the odontoblast. This process leads 

to a neural discharge response to pain signaling 

(15,16).

 However, the nerve theory and odontoblastic

theory are associated with hydrodynamic theory.

The proposed mechanisms of three theories 

cannot be distinguish (14). The behind mechanisms

of these theories are the presence of nerves 

and odontoblastic process within the dentinal 
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tubules, bathing in the dentinal fluid, and also 

odontoblasts are close apposition subodontoblastic

plexus. Therefore, the fluid movement can stimulate

the ion channels, present in the nerve ending 

innervation and the odontoblast in the dentinal 

tubule, that causes pain transduction.

 Therefore, the opening in the dentinal 

tubules and exposure of dentine are main causes 

for the development of dentine hypersensitivity 

(2,7,15,17,18). First, the opening of tubules are 

caused by the loss of smear layer and enamel

(19). Normally, the smear layer is a physical 

barrier that declines a penetration of external 

environment into dentinal tubules (20). However, 

a smear layer which is a thin structure (thickness 

of smear layer around 1- to 2-µm) covered of 

dentinal tubules (21). The loss of smear layer is 

caused by improper brushing, tooth surface loss 

and scaling and root planning debridement. The 

loss of the smear layer might cause an activated

dentine permeability. The increased dentine 

permeability causes an elevated movement of 

dentinal fluid. An elevated movement of dentinal 

fluid generates an initiated action potential at the

free nerve ending which develops pain 

hypersensitivity (22). Secondly, the sensitized 

dentine exposure causes a stimulated free nerve 

ending innervated odontoblast in dentinal tubule. 

The odontoblasts are developed receptor potentials

and consequently the generation of action 

potential pass through the trigeminal pain system

(23).

 Moreover, the pathology of dentine hyper-

sensitivity might depend on the size of exposed 

dentinal tubule. The recent review found that a 

sensitive tooth has a greater number of open 

tubules per unit area when compared to a 

nonsensitive teeth (17,24). The flow of fluid 

movement relies on the radius of dentinal tubules

which is approximately the biquadrate of a radius

of tubules (25). The mean diameter’s tubules in 

sensitive teeth is approximately twice large when 

compared to nonsensitive teeth (26). Therefore, 

the fluid flow in tubules of sensitive teeth should 

be 16 times when compared to the nonsensitive 

teeth (27). 

 The receptor potential on the odontoblast 

was stimulated and summated by the generation 

of a pain action potential in the odontoblast cell. 

The pain responses in dentine hypersensitivity 

are conveyed by a trigeminal pain pathway. The 

trigeminal nerve or cranial nerve V innervated 

pulp tissue and odontoblasts (28). The most 

peripheral nociceptors in odontoblasts are 

sodium channel and transient receptor potential 

groups. The transient receptor potential groups 

are mechanosensitive and cationic channels. 

The mechanosensitive channels are activated by 

mechanical stimuli and dentinal fluid flow. The 

activated transient receptor potential group 

channel causes increased calcium and positive 

charge influxes to the odontoblast (29,30). Free 

nerve ending innervated odontoblast in dentinal

tubule are stimulated by the generation of 

receptor potentials (31), subsequently, the action

potential occurs at the free nerve ending innervated

odontoblast in dentinal tubule. The pain signal 

from odontoblasts is classified into the peripheral 

pain system (32). The odontoblasts are received 

the external stimulus which are contributes 

mechanoreceptors stimulation and subsequently 

the generation of pain action potentials. The pain 

signals are projected to the trigeminal ganglia. 

The trigeminal ganglia is a unipolar sensory nerve 
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that contains the trigeminal nerve branches. The 

pain signals from the trigeminal nerve are sent 

to the spinal trigeminal nucleus caudalis. The 

secondary order neuron contained in the trigeminal

nucleus caudalis receives the pain signals and 

projects them to the thalamus and somatosensory

cortex for pain perception and interpretation of 

dentine hypersensitivity (33,34).

Fig 1. Focus on pathophysiology of dentine hypersensitivity.

Effect of periodontal disease on dentine 

hypersensitivity

 Periodontal disease is a condition which 

affects to loss of periodontium. The causes of 

periodontal disease are the accumulation of 

plaque, calculus, and food debris. The previous 

study reported that the root surface with plaque 

accumulation has a large dental mineralization. 

(35). The demineralization of tooth structure 

contributes to the loss of dentine. Moreover, 

the high accumulation of plaque and calculus 

may potentially cause a gingival recession. The 

gingival recession may result in dentine hyper-

sensitivity because of the change of position in 

a gingival margin to from the apical to enamel 

junction, leading to an exposure of cementum at 

the root surface. 

  The gingival recession has resulted in 

improper tooth brushing and recession related 

to periodontal disease and periodontal disease 

following treatment (36). The improper tooth 

brushing might cause tooth surface loss, 

particularly, abrasion leading to loss of cervical 

tooth surface. Loss of tooth enamel is a precondition

for exposure of dentin, and it occurs both of 

above and below the cemental- enamel junction.

The loss of tooth enamel can also cause exposure

of cementum. The cervical region has a low 
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thickness of enamel near the cementum leading

to easily exposed of dentin. Exposed dentin 

causes an enhanced dentinal fluid flow leading

to dentine hypersensitivity. Also, the patients who 

have used toothpaste during brushing do not 

affect to the enamel, but prolonged and improper

tooth-brushing techniques with high amount of 

abrasive substances in toothpaste can cause an 

exposure of dentine (37). Thus, the level of wear 

correlation to abrasive toothpaste is related to 

dentin abrasively and subsequently the development

of dentine hypersensitivity (13,38). 

 Recession linked to periodontal disease 

and periodontal disease following treatment is 

caused by the treatment of severe periodontitis 

disease (39). These procedures in periodontal 

therapy cause healing of gingiva resulting in the 

recession of gingiva (40). Therefore, periodontal 

disease and its following treatment might cause 

exposure of dentinal tubule and dentine, resulting 

in the development of dentine hypersensitivity.

Effect of teeth defects on dentine hypersensitivity

 Tooth surface loss is a tooth defect that 

was deprived of bacteria induction at enamel 

and dentine. Tooth surface loss consists of abrasion,

abfraction, erosion and attrition  (41). The effect 

of acidic drinks and beverages causes erosion 

leading to the exposure of tubule’s dentine. The 

previous study found that the diameter of dentinal

tubules in teeth after consuming of sour drinks 

became larger compared to normal teeth (42). 

The commonness of taking erosive drinks could 

be allowed a formation of plaque accumulation 

and hardening of the surface with acid-softened 

exposures (43). There is a previous report found 

that patients who had experience in various 

conditions such as gastric regurgitation, Bulimia

nervosa, Anorexia nervosa, exposed to water 

with chlorine which is pH less than 2.7 can 

subsequently develop dentine hypersensitivity. 

Moreover, patient who had history of erosion can 

cause dentine hypersensitivity (44-47).

 Attrition and abfraction are associated 

with habitual chewing on hard foodstuffs and 

bruxism (48,49). Attrition is the most disarranged

occlusal surface including enamel and dentine. 

Abfraction is caused by forces placed on the 

teeth during grinding in the cervical lesion. The 

patients with a history of bruxism also reported 

dentine hypersensitivity (50). Moreover, it has 

been reported that selective 5-hydroxytryptamine

reuptake inhibitor drugs may cause bruxism, 

especially an initiated taking this drug (51). 

 Regarding abrasion on teeth, it is classified

into the loss of enamel at the cervical areas and 

also, the dentine hypersensitivity. All of these 

are is related to the abrasion and periodontal 

disease (52). 

Effect of orthodontic tooth movement on 

dentine hypersensitivity

 The aim of orthodontic treatment is a 

rearrangement of teeth and normal occlusion. 

Malocclusion is a rationale for poor oral hygiene 

and periodontal disease, particularly the gingival 

recession. The clinical study about the association

of orthodontic treatment and gingival recession

is controversial (53). The gingival recession might

contribute to dentine hypersensitivity. Several 

studies demonstrated that the extent of gingival

recession is related to patients who have 

infraversion and open bite (54). The duration of

orthodontic treatment causes an increase in 

overloading occlusal force. The increase in 

overloading occlusal force often results in an 
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alveolar bone resorption contributed to the gingival

recession (55). Moreover, the labial or lingual 

plate are a procedure in orthodontic treatment 

that might cause bone dehiscence formation at

the lingual or labial side. Bone dehiscence formation

at the gingiva leads to loss of periodontium, 

and subsequently, the development of dentine 

hypersensitivity (6,56). However, the association 

of orthodontic treatment and dentine hypersen-

sitivity is still controversial. The further study will 

be required. 

Effect of the immune system on dentine 

hypersensitivity

 The immune system relates to protection 

against external and noxious stimuli. Normally, 

the immune cells, particularly neutrophils, kill the 

noxious stimulus. Furthermore, the protective 

system of odontoblasts plays an essential role 

on an initiated hurdle of the pulpal tissue which 

can against external stimulation. The odontoblasts

can detect the thermal and mechanical stimuli 

by mechanosensitive and thermosensitive ion 

channels in the free nerve ending innervated to 

odontoblast cells  (57). The ion channels and 

receptors that involve in dentine hypersensitivity

such as voltage sodium channel, transient potential

receptors. The activated ion channels cause an 

accumulation of positive charge leading to an 

generation of action potentials (58). Moreover,

the process of odontoblast responses is a 

deposition of reactionary dentine (59). The 

reactionary dentine can protect an injury of the 

pulp tissue. Odontoblasts have expressed many 

classes of receptors and ion channels which 

are involved in nociceptive signal and signal 

transmission (60). The opening of dentinal tubules

causes a change in dentinal fluid flow leading

to activated ion channels in odontoblasts. 

Odontoblasts can receive and recognize external

stimuli for transforming to pain signals (61). The 

generation of pain signals passes through nerve 

fibers in the pulp tissue and subsequently, dentine

hypersensitivity is developed. However, the 

relationship of immune system and dentine 

hypersensitivity is not elucidated. The further 

study will be required to clarify this relationship.

Conclusion

 Sharp or sudden pain is the main symptom

of dentine hypersensitivity in the teeth. This 

symptom is initiated by activated noxious stimuli.

Pathophysiology of dentine hypersensitivity 

involves in exposed dentine and opening of 

dentinal tubules. The opening of dentinal tubules 

causes a response immune system that produces

odontoblasts and changes the dentinal fluid. 

Repetitive external stimuli and the opening of 

dentinal tubules lead to the augmented pain 

action potential and the development of dentine 

hypersensitivity. However, our further study will 

examine the nociceptors and immune system of 

odontoblast responses.
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