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has been defined7 and with a minor amendment, the definition was
adopted by an international workshop on dentine hypersensitivity.8

Thus, dentine hypersensitivity is characterised 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 defect or pathology. The defi-
nition clearly has two aspects. The first is a clinical descriptor of the
condition. The second, perhaps more importantly identifies dentine
hypersensitivity as a distinct clinical entity and invites the clinician to
consider a differential diagnosis, since other conditions may have
identical symptoms but require different management strategies.7

Based upon these points it would not seem unreasonable to keep the
term; accepting that it may not be totally accurate.

In general, conventional therapy for dentine hypersensitivity is
based on using topical applied desensitising agents which can be
applied either professionally or can be prescribed to the patient for
home use. The ideal desensitising agent should not irritate or
endanger the integrity of the pulp, should be relatively painless on
application or shortly afterward, should be easily applied, rapid in
action, permanently effective and finally should not discolour tooth
structure.9 To date no such treatment has been discovered and there
is no ‘gold standard’ by which to assess new treatments. Topical
desensitising agents had been classified10 on the basis of their chem-
ical and physical properties as follows:

Chemical agents Physical agents
Corticosteroids Composites 
Silver nitrate Resins
Strontium chloride Varnishes
Formaldehyde Sealants
Calcium hydroxide Soft tissue grafts
Potassium nitrate Glass-ionomer cements
Fluorides Lasers
Sodium citrate
Iontophoresis with 2% Sodium fluoride
Potassium oxalate.
In studying the above lists, it is somewhat surprising that such a

varied array of surface treatments could all possibly be effective
treatments for this single condition.

Epidemiological aspects of dentine hypersensitivity
Discomfort from dentine hypersensitivity is a common finding in
adult populations, with the available prevalence data ranging from
8–57%.11–15 The diversity of reports may be  in part caused by dif-
ferent methods used to diagnose the condition and it is generally
considered that surveys which rely on patient questionnaires alone
greatly exaggerate the prevalence figures and thereby yield mislead-
ing data. Indeed, those studies which employed careful patient
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examinations produced surprisingly similar prevalence figures of
around 15%.11–13 Interestingly, the prevalence of cervical dentine
sensitivity, another term used to describe dentine hypersensitivity,
was found to be much higher in periodontal patients, ranging
between 72.5–98%.16 This may reflect a different aetiology, particu-
larly since in periodontal disease bacteria are reported to penetrate
dentine to a considerable distance.17 Such sensitivity of dentine
therefore may not be consistent with the agreed definition of den-
tine hypersensitivity8 and may be a separate clinical entity possibly
requiring different preventive and management strategies.

In general, a slightly higher incidence of dentine hypersensitivity is
reported in females than in males,12, 13, 18–20 which may reflect their
overall healthcare and better oral hygiene awareness.4 Most sufferers
from dentine hypersensitivity range in age from 20 to 40 years but the
peak occurrence is found at the end of third decade.11, 12,14Regarding
the intra-oral distribution, dentine hypersensitivity is most com-
monly reported from the buccal cervical zones of permanent teeth.
Sites of predilection in descending order are canines and first premo-
lars, incisors and second premolars and molars.11–13, 18–21

In conclusion, although dentine hypersensitivity is already per-
ceived as a common painful condition, it is possible that the preva-
lence will increase. Thus, as a result of the continuing emphasis on
preventive dentistry, more adults will retain their teeth into later life,
this in turn could lead to increased numbers of exposed dentine sur-
faces through periodontal therapy and home care procedures.

Mechanisms of dentine sensitivity
Several theories have been proposed to explain the mechanism of
dentine sensitivity and therefore of dentine hypersensitivity.22 Of
these the most widely accepted theory is the so-called hydrody-
namic theory of sensitivity. This theory postulates that rapid shifts,
in either direction, of the fluids within the dentinal tubules, follow-
ing stimulus application, result in activation of sensory nerves in
the pulp/inner dentine region of the tooth.23,24 The hydrodynamic
hypothesis for dentine sensitivity was proposed a hundred years
ago23 with confirmatory evidence produced in the 1950s and
1960s.24 Essentially, certain stimuli create a pressure change across
the dentine which can excite individual intradental nerves.25 Stud-
ies performed in vivo revealed that the response of the pulpal
nerves was proportional to the pressure and therefore the rate of
fluid flow.26 Interestingly stimuli, such as cold, which cause fluid
flow away from the pulp produce more rapid and greater pulp
nerve responses than those, such as heat, which cause an inward
flow.26 This certainly would explain the rapid and severe response
to cold stimuli compared to the slow dull response to heat. The
exact mechanism by which the fluid flow stimulates pulpal nerves
is not known with any certainty. However from animal experi-
ments a mechano-receptor response is suggested.26 Thus the pres-
sure change across dentine distorts the pain receptors at the pulp
dentine border. This would be similar to the activation of touch
sensitive nerves around hair skin follicles by the application of light
pressure to the protruding hair. The role of the odontoblast and the
odontoblast process in dentine sensitivity has been reviewed.27

Essentially, the odontoblast process is thought to extend only a
short distance into dentinal tubules and thereby cannot be directly
involved in stimulus transmission across dentine: a hypothesis pre-
viously described as the odontoblast transducer mechanism. Nev-
ertheless, the large shear forces created by fluid flow in tubules
could damage odontoblasts resulting in a local neurogenic inflam-
mation of the pulp.

The pain producing stimuli can be thermal, tactile, osmotic,
chemical or evaporative,8 but the cold stimulus appears to be the
strongest and causes the greatest problem to those troubled by den-
tine hypersensitivity.14,18 It should be mentioned, however, that not
all exposed dentine is sensitive. Evidence from a scanning electron
microscopic investigation of extracted teeth would suggest that

there are differences between ‘hypersensitive’ and ‘non-sensitive’
dentine in that there are more and wider open dentinal tubules in
sensitive dentine.5 Additionally, another scanning electron micro-
scope study, based on replica models of hypersensitive and non-
sensitive dentine, showed that, in hypersensitive dentine, the smear
layer was thinner, different in structure and probably under-calci-
fied than in non sensitive dentine.6 These findings appear consistent
with the hydrodynamic theory. The greater number of open and
wider tubules at the dentine surface would enhance fluid perme-
ability through dentine and as such increase the possibility for stim-
ulus transmission and subsequent pain response. It is the width of
the tubules which is particularly relevant since fluid flow is propor-
tional to the fourth power of the tubule radius; doubling the tubule
diameter results in a 16-fold increase in flow rate. This is of rele-
vance to treatment regimens which, as will be discussed later, aim to
narrow or occlude the tubules.

Aetiological and predisposing influences
There are potentially numerous and varied aetiological and predis-
posing factors to dentine hypersensitivity. Certainly, no prime cause
can be identified. By definition, dentine hypersensitivity may arise
as a result of loss of enamel and or root surface denudation with
exposure of underlying dentine. Enamel loss as a part of tooth wear
may result from attrition, abrasion or erosion. Although tooth wear
has usually been divided into attrition, erosion and abrasion, in
reality it is a combination of these but often with differing propor-
tional effects. Attrition describes the wear of teeth at sites of direct
contact between teeth.28 Attrition is associated with occlusal func-
tion and may be exaggerated by habits or parafunctional activity
such as bruxism. Thus bruxism was found to be the sole cause of
pathological tooth wear in 11% of referred tooth wear cases and was
a contributory factor in two-thirds of the combined aetiology
cases.29 Abrasion describes the wear of teeth caused by objects other
than another tooth,28 examples include toothbrush/toothpaste
abrasion and the variety of facets which can be caused by pipe
smoking or other similar habits. Typical toothbrush abrasion
lesions are side dependent, for example being greater on the left-side
in right-handed people The buccal cervical area of the teeth are the
sites of predilection. Furthermore, canines and premolars are most
affected because of their position within the dental arch where they
receive the most attention during toothcleaning.30 The toothbrush
itself has little or no effects on dental hard tissues.31 Even toothpaste
on a toothbrush alone causes almost no enamel abrasion and only
clinically insignificant effects on dentine. However when combined
with erosive agents tissue loss from toothbrushing with toothpaste
is increased enormously.32 Little is known about abrasion from
chewing: the crushing of bones between the teeth33 and chewing
tobacco34 were believed to lead to abrasion of teeth.

Erosion
Erosion is currently believed to be the major factor involved in tooth
wear, and has been defined as the dissolution of teeth by acids which
are not of bacterial origin.35 Erosion may be by either extrinsic or
intrinsic acids.36,37 Extrinsic erosion can be subdivided into dietary
and environmental, while intrinsic erosion is the result of exposure
of teeth to gastric juice. Dietary erosion may result from foods or
drinks containing acids such as citrus fruits, pickled food, fruit
juices, carbonated drinks, wines and ciders. A recent publication
showed that a raw food diet bears an increased risk of dental erosion
compared to conventional nutrition.38 Additionally, a study in vitro
showed that red and white wine, citrus fruit juices, apple juice, and
yoghurt were capable of rapidly dissolving the dentine smear layer
within a few minutes.39 Perhaps surprisingly, a carbonated cola
drink was considerably less erosive.39 Vitamin C (ascorbic acid),
which is considered a healthy additive in many drinks, has been
implicated in dental erosion.40 In addition citric acid, found in
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many drinks, has the potential to both demineralise dental hard tis-
sues and chelate calcium.41 Industrial erosion results from occupa-
tional exposure to acids or acidic vapour, such as, workers in battery
manufacture42 and wine tasters.43 Other extrinsic sources of ero-
sion have been reported, including swimmers who trained in poorly
maintained pools with water at pH 2.7.44 Improper use of bleaching
agents particularly delivered in night guards is another risk factor
for erosion of enamel and dentine and has been implicated in the
development of dentine hypersensitivity.45 Some mouthrinses have
low pH values46 and have the potential to dissolve the smear layer
and thereby expose dentinal tubules; an effect enhanced by post
treatment brushing.47

Intrinsic erosion may result from gastric reflux as in patients with
hiatus hernia,48 chronic alcoholism49 and eating disorders.50–52

When erosion is caused by gastric regurgitation, the palatal aspects
of the upper incisors and the occlusal and buccal aspects of lower
posterior teeth are primarily affected.51,53

Abfraction
Abfraction or cervical stress lesions has been hypothesised as an
aetiological factor in tooth wear.54,55 The process is thought to
involve eccentric occlusal loading leading to cusp flexure. This in
turn leads to compressive and tensile stresses at the cervical fulcrum
area of the tooth with the resultant weakening of the cervical tooth
structure. The process may be co-destructive rather than directly
causal whereby abrasion and or erosive processes are potentiated. It
is difficult to diagnose such lesions properly, but generally, in cases
where a deep V-shaped cervical notch is present or when cervical
restorations are repeatedly lost, the practitioner should look for
wear facets or other signs of occlusal trauma.56

Gingival recession
Gingival recession and subsequent root surface exposure allow
more rapid and extensive exposure of dentinal tubules because
the cementum layer overlying the root surface is thin and easily
removed.57 Gingival recession, as with dentine hypersensitivity,58

has been described as enigma,59 having what appears to be a mul-
tifactorial aetiology.59, 60

Toothbrushing has long been implicated in gingival recession
on buccal surfaces and is a frequent finding in subjects with a high
standard of oral hygiene,61, 62 or with a history of hard tooth-
brush use.63 Also recession increases with increasing brushing
frequency.64 Gingival recession is frequently cited to result from
periodontal treatment particularly surgery as is dentine hyper-
sensitivity.13,15,65

Clinical studies,16,66 that aimed to assess the prevalence of den-
tine hypersensitivity in a population of patients referred to a peri-
odontal department, found a much higher percentage affected
than cited in other epidemiological studies.11–13 This could sug-
gest periodontal disease and/or treatment may play a role in the
aetiology of dentine hypersensitivity16,66 or as alluded to previ-
ously, this type of sensitivity is not dentine hypersensitivity as
defined. Relevant to this, the role of plaque in the aetiology of
dentine hypersensitivity is an area of controversy. Some authors
point out that most sensitive surfaces, particularly on the buccal
aspect of the teeth, show very low plaque scores19 and enthusias-
tic toothbrushing has long been associated with gingival reces-
sion and sensitivity.67 

Clinical experience also indicates that areas of toothbrush abra-
sion/erosion appear free of plaque. Other authors have suggested
a possible role of plaque and bacterial contamination of exposed
dentine in dentine hypersensitivity,68,69 particularly since gingi-
val recession can be associated with both high inflammatory and
plaque scores.63 A possible interpretation of the above observa-
tions is that toothbrushing behaviour played a role in determin-
ing the distribution of gingival recession while plaque induced

the dentine sensitivity possibly through dissolution of the smear
layer and bacterial penetration of the tubules.17 The management
of such a condition therefore would be quite different from that
of true dentine hypersensitivity.

Two phases in dentine hypersentivity development
In summary, there would appear two phases to the development of
dentine hypersensitivity. Firstly, ‘lesion localisation’ by exposure of
dentine and then ‘lesion initiation’ by opening of dentinal tubules.
Given the buccal cervical site of predilection of the condition, lesion
localisation will mainly result from abrasion and erosive influences
to enamel and the gingivae. Clinical evidence indicates that gingival
recession accounts for a much greater dentine area exposure than
cervical enamel loss. Lesion initiation requires removal of cementum
or smear layers. These could be achieved by abrasive or erosive
agents. The evidence available and cited suggests erosion is the more
dominant factor but can be potentiated by abrasion.

The clinical management of dentine hypersensitivity
The greatest clinical implication of dentine hypersensitivity is how
the condition may be prevented either from occurring or recurring,
and this can only be debated by considering the probable aetiologic
factors. There is a need for greater professional and thereby public
health awareness, through education, of the causes, effects and pre-
vention of tooth wear and gingival recession. Management of a
patient suffering from dentine hypersensitivity should be based on a
correct diagnosis of the condition by the dentist, who should be
aware of other clinical conditions which are similar in their present-
ing features. Conditions that can produce symptoms mimicking
those of dentine hypersensitivity are cracked tooth syndrome, frac-
tured restorations, chipped teeth, dental caries, post-restorative
sensitivity, and teeth in acute hyperfunction.7 Patients generally
complain that pain arising from dentine hypersensitivity is usually
rapid in onset, sharp in character, and short in duration.22 More
rapid response to stimuli or the persistence of pain after removal of
the stimuli have been ascribed to inflammatory changes in the
pulp.70 In such cases conventional approaches to the treatment of
dentine hypersensitivity are unlikely to be successful and recourse to
endodontics even exodontia may be necessary.

Toothbrushing
Because incorrect toothbrushing appears to be an aetiological factor
in dentine hypersensitivity, instruction in proper brushing tech-
nique can prevent further loss of dentine and the resulting hyper-
sensitivity. Excessive force, hard toothbrushes, highly abrasive
toothpastes should be avoided. The use of none or low abrasive den-
tifrices or brushing with water resulted in closure of dentinal
tubules; while brushing with a dentifrice containing calcium hydro-
gen phosphate as an abrasive system led to opening of the dentinal
tubules.71 Nevertheless, a study in vitro72 showed that some denti-
frice abrasives in desensitising products, notably artificial silica, can
occlude tubules and remain resistant to removal by both water and
orange juice washing. 

Clearly at this time, there is a dearth of information as to the
effects of any particular toothpaste on an exposed dentine surface.
Nevertheless, toothbrushing should be avoided after consuming
acidic foods and drinks since tooth brushing, in combination with
acid decalcification of superficial dentine, is capable of accelerating
the loss of tooth structure32 and opening dentinal tubules.31 This
finding raises the question of whether toothbrushing should be per-
formed before meals rather than after meals if the diet contains
acidic components. In order to clarify this point, an in vitro scan-
ning electron microscope study was conducted to evaluate the effect
of toothbrushing prior and/or subsequent to dietary acids applica-
tion on smear layer formation and the patency of dentinal
tubules.73 The results of this study73 suggested that in cases of den-

REVIEW
dentine hypersensitivity



BRITISH DENTAL JOURNAL, VOLUME 187, NO. 11, DECEMBER 11 1999 609

tine hypersensitivity, toothbrushing should not precede or follow
dietary acid application but be separate from mealtimes. Certainly,
the weight of available evidence strongly contradicts the message to
brush after meals. Logically, this is not surprising since toothpastes
are formulated to prevent disease and are not therapeutic agents.

Dietary acid
In view of a very clear role of dietary acid in the initiation of dentine
hypersensitivity, dietary counselling is an important factor for the
management of the condition. A written diet history should be
obtained from patients with dentine hypersensitivity in order to iden-
tify aetiological agents and form a basis from which to provide
advice.7 As with the prevention of caries advice should be directed
towards reducing the quantity and frequency of acid intake. Other
suggestions have been to, drink something neutral or alkaline after
consuming acids such as water or milk, avoid sipping, use a straw,
chill the drink which can reduce its erosive potential and finally, avoid
acids as a snack just before bed time or during the night.74, 75 When
mouthrinses or bleaching agents are to be prescribed, the dental prac-
titioner should be aware of the potential disadvantages of these prod-
ucts as well as the possible therapeutic gain from their use in order to
advise their patients with respect to usage of such products. 

If intrinsic erosion is suspected as a factor in tooth wear and den-
tine hypersensitivity, then the cause should be investigated and
treated by referring the patient to the medical practitioner. Rinsing
the mouth with liquid antacid, especially after vomiting or regurgi-
tation, is advised.76 In severe or chronic cases, fabrication of an
occlusal splint to be inserted at high risk times can reduce the insult
to the teeth. If the splint is loaded with an alkali such as sodium
bicarbonate, it may further neutralise the effect of gastric acids.28

Non-acidulated fluoride gels may also be useful within the splint.77

Patient communication
Finally successful patient management relies heavily on good com-
munication skills which are of vital importance in dentistry because it
improves the quality and amount of information obtained from the
patient, increases the likelihood of patient compliance, decreases the
patient anxiety and improves the probable outcome of treatment.78

As dentine sensitivity or hypersensitivity may result from dental treat-
ments, every patient must be informed of the potential treatment
risks. Informing the patient in advance regarding the possibility of
potentially painful events following periodontal therapy and recently
placed restorations can greatly strengthen the dentist-patient rela-
tionship and reduce pain and anxiety. In addition, explaining to the
patient the possible causes of dentine hypersensitivity may help to
modify or control these causative factors which in turn may improve
the outcome of treatment.

Treatments
Treatments for dentine hypersensitivity are so numerous and
diverse that a detailed review is outside the scope of this text. A clas-
sification according to chemical or physical characteristics is given
at the beginning of this review. Treatments can be categorised and
summarised according to delivery and therapeutic aims into profes-
sional (in office) and home use treatments. Professional treatments
have been reviewed79 and usually involve the application of a mate-
rial to the tooth surface with the aim of occluding tubules. Similar
literature reviews are available for the numerous over-the-counter
proprietary products purchased or prescribed for home use: usually
mouthrinses or toothpastes.80–83 The therapeutic aims of both pro-
fessional and home use treatments are to either interrupt the pulp
neural response or block the sensitivity mechanism through tubule
occlusion. Interruption of the neural response can be achieved
through endodontia or exodontia, at the one extreme, to the appli-
cation of potassium salts to dentine at the other. In the latter case
delivery is usually through mouthrinses or toothpastes used at

home. Direct evidence that potassium salts used in such vehicles
achieves such an effect is lacking. Professional treatments used to
produce tubule occlusion usually involve resins, varnishes, dentine
bonding agents or restorative materials. In most cases a macro-
scopic coating is apparent providing evidence that tubule occlusion
has been achieved. The same cannot be said for home use products.
Thus, there is a dearth of information as to the changes produced at
the dentine surface either by so called desensitising agents or by
products containing these agents.

The choice of professional, home use treatments or indeed both
combined is at present somewhat arbitrary and dependent on the
practitioner. There are at present no tried and tested regimens
proven superior to others. At best there are available in the literature
the results of many studies supporting the efficacy of numerous
agents and formulations. A few of the investigations have compared
one professional treatment with another or one home use product
with another, but mostly comparisons are with a control, minus
active or placebo treatment. There appear to have been no compar-
isons of professional treatments with home use products. As already
stated, studies reveal that an unusually large number of very diverse
agents or formulations are apparently effective in reducing, even
eliminating, the symptoms of dentine hypersensitivity. Two possi-
ble explanations for this most peculiar finding, other than all such
agents are indeed effective, can be proposed. Firstly, dentine hyper-
sensitivity is a painful condition and as such symptoms can improve
apparently irrespective of treatment, a process described as regres-
sion to the mode. Secondly, painful conditions can show a placebo
response to a treatment whereby the mere perception by the patient
of treatment provision brings about some amelioration of symp-
toms. Recently, three clinical trials of treatment agents for dentine
hypersensitivity, one by trial design84 and two employing water as a
treatment,85,86 suggested placebo response improvements in symp-
toms of at least 40%.

Summary of management strategy
• Consider a differential diagnosis and deal with any dental pathol-

ogy which could cause similar ‘dentinal’ symptoms.
• Identify aetiological and predisposing factors, these will mainly

relate to abrasion and erosion. Written diet histories should be
considered at an early stage.

• Remove, reduce or modify aetiological and predisposing factors.
This will usually involve dietary advice to minimise erosion and
oral hygiene advice to minimise abrasion.

• Treatment strategies will vary, being dependent on each individ-
ual case, and in particular on the number of teeth involved and
the severity of symptoms. However some improvement for a
majority of cases will be obtained by the recommendation of a
desensitising toothpaste. Anecdotally, the prescription of a
sodium fluoride mouthrinse, for use once daily for a month,
appears to offer adjunctive benefits to the desensitising tooth-
paste. The topical application of the toothpaste directly onto sen-
sitive cervical dentine just before retiring (without post
application rinsing or expectoration) is also frequently cited as
beneficial. Certainly active ingredients and abrasives such as the
artificial silicas will have a much greater time to bind to the den-
tine and occlude tubules.69 

• Patients or more usually individual teeth refractory to the above
approach should firstly be re-evaluated for possible alternative
dental pathology and appropriate treatment instituted. If a diag-
nosis of dentine hypersensitivity is reaffirmed, consideration
should be given to the application of a professional product.
Resins or other materials which bond to dentine and are resistant
to wear are recommended; fluoride varnishes are not substantive
and provide relief of limited duration.

• Individual teeth exhibiting severe symptoms, particularly when
the pain persists after removal of the initiating stimulus should be
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considered for endodontic treatment, but then only after obtain-
ing informed consent from the patient.

• Regular review and reinforcement of the preventive aspects of
management.

Conclusion
The increase of longevity of dentition through periodontal therapy
and plaque control procedures may increase the incidence of den-
tine hypersensitivity. The ultimate goal in the treatment of dentine
hypersensitivity is the immediate and permanent relief of pain. For
many patients, conventional desensitising agents often produce
unsatisfactory results, since the action is usually directed toward the
occlusion of the opened dentinal tubules without considering the
causative factors that created the problem. Once a definitive diagno-
sis of dentine hypersensitivity has been made, after considering a
differential diagnosis, a careful assessment of the aetiologic factors
must be considered, which in turn if identified and correctly man-
aged may enhance the outcome of the currently used desensitising
agents and ensure more successful management.
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