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Abstract

Dentine hypersensitivity (DH) appears to be increasing in prevalence over time, both in the UK and across the world. As many of our patients are living

longer and retaining their natural dentition later into life, dentine hypersensitivity may become a more pressing challenge for dentists to manage. The
management of dentine hypersensitivity can be difficult, and the evidence and advice are developing quickly. This article explores the aetiology of DH
on all tooth surfaces and subsequently provides greater detail on abrasion as well as discussing the importance of erosion. There is also a detailed section
on Non-Carious Cervical Lesions. Finally, the management of DH is discussed with recommendations for clinical practice

Introduction

Dentine hypersensitivity (DH) is defined as a “short, sharp, pain
arising from exposed dentine in response to stimuli, typically thermal,
evaporative, tactile, osmotic or chemical, which cannot be ascribed to
any other form of dental defect or pathology” [1] and may influence
the Quality of life (QoL) of those who suffer with the problem [2]. The
most accepted theory of dentine hypersensitivity is the hydrodynamic
theory, whereby on stimulus of exposed dentine, dentine fluid displaces
and stimulates the nerves in the odontoblast layer [3] although other
mechanisms cannot be ruled out [4]. The reported prevalence of DH
in the population is high, with the largest and most recent cross-
sectional study of seven European countries demonstrating 75.9% of
participants were suffering from dentine hypersensitivity, using the
Schiff cold air sensitivity scale [5]. In the UK, the prevalence again
remains high, with a study showing DH prevalence at 89 % in 2024
[5]. The Schiff test involves application of a cold stimulus to the tooth
and records a score based on the individual patients response [5].
‘The Cumulative Hypersensitivity Index (CHI) has been validated as
a method for recording the severity of DH for a patient. It uses the
recognised Schiff sensitivity score as a sextant cumulative score and is
likened to the method of recording a BEWE or BPE for tooth wear and
periodontal screening respectively [6]. Dentine hypersensitivity can
profoundly affect quality of life (QoL), with one study demonstrating
interference with speaking, eating, social interaction and DH made
toothbrushing difficult for a small number of patients [2,7]. There
was also a significant emotional impact, with many reporting they felt
they could not participate in everyday life as they would wish [2]. This
article further expands on the latest aetiologies and management for
DH, further to the previous BDJ article in 2017 [8]. Since then, there
have been several advances in our understanding of the condition,
related terminologies and management strategies. We focus primarily
on advances in aetiology, management and the term Non-Carious
Cervical Lesions in this article.
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Aetiology

Exposure of Dentine

Dentine hypersensitivity occurs sometimes when dentine is
exposed. Dentine exposure can be caused by tooth wear, such as
erosion, abrasion, and attrition [3], although often it is a combination
of these [9]. Abrasion and erosion often work synergistically, with
abrasion more likely to occur following erosive attacks [10] There is
increasing concern that some toothpastes may be causing abrasion,
[10] particularly charcoal toothpastes in recent years [11].

There is also concern regarding erosion following carbonated
drink consumption, [12] with a recent study showing that one tenth of
University students in the UK were consuming carbonated drinks at
least once per day and 30% were consuming them twice per week [13].
Further to this, since the recent Soft Drink Industry levy, consumption
of sugar free alternatives, which may still be erosive, has increased by
40% [14].

Gingival recession can also lead to root dentine exposure [15]. The
prevalence of recession in the population is high, with a 2023 systematic
review and meta-analysis showing an 85% prevalence [16]. Gingival
recession can be caused by numerous factors, for example periodontitis
[5] and it has been demonstrated that patients with periodontitis are
found to be increasingly affected by DH [9]. Furthermore, gingival
recession can follow periodontal treatment [17], other clinical studies
have also shown that DH is more prevalent in situations with gingival
recessional and without gingival inflammation [6].

Trauma from toothbrushing has been suggested to be a cause of
gingival recession. Brushing frequency and a horizontal scrubbing
method of toothbrushing (inappropriate or overzealous techniques)
may create recession, although there is little high-quality evidence to
support this [18]. Some para-functional habits can cause exposure of
dentine, such as pipe-smoking (9), as can the wearing of both lip and
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tongue piercings [19] Tooth position, orthodontic movement, high
muscle attachments and gingival biotype can also lead to recession [20].

Dentine Tubule Exposure and Signs of Progressive Wear

Evidence suggests that areas of exposed dentine causing dentine
hypersensitivity to have more and wider patent dentine tubules and it
is now well understood that removal of the smear layer at the surface
of dentine leads to the opening of the dentine tubules [21].

The smear layer therefore acts as a protective agent to mask dentine
hypersensitivity symptoms by occluding dentinal tubules, with studies
suggesting that the smear layer prevents approximately 86% of fluid
flow through the dentine tubules [22].

It is postulated that both chemical or mechanical agents may lead
to loss of the smear layer, this can include toothbrushing, toothpastes
and erosive agents in the diet or intrinsic erosive sources [23]. The
presence of DH is an indicator of a possible active or progressive
tooth wear issue and more recent acidic episodes have been shown in
another novel study to increase the chance of DH the more recently
acidic intake is consumed [24]. This study was conducted on incisal/
occlusal surfaces demonstrating DH is not always on buccal or labial
cervical tooth surfaces.

Dentine Whitening

Dental bleaching can also cause DH, with studies demonstrating
that both hydrogen peroxide and carbamide peroxide can lead to
sensitivity [15,25]. The mechanism of this sensitivity however is
different, as the peroxide travels quickly through the enamel and
dentine, reaching the pulp. Therefore, this can be described as more
like symptoms of pulpitis [26]. This may make treatment in these cases
more challenging.

Causes

Abrasive Toothpastes

There has been considerable development in toothpastes on the
market. Charcoal toothpastes are becoming increasingly common and
are now readily available on the Highstreet [27]. A 2022 systematic
review of in-vitro studies found that charcoal toothpastes had some
of the highest abrasive potential of all whitening treatments and the
study concluded that these products are potentially able to damage
the hard tissues of the teeth [28]. Interestingly, a study by Franco et al.
in 2020 showed that charcoal toothpastes do not have any bleaching
properties and are therefore unable to change the intrinsic colour
of the dentine [29] consequently the whitening effects of charcoal
toothpastes are due to its abrasive properties removing extrinsic
staining [28]. Further to this, an in-vitro study demonstrated that
there were again limited whitening effects of charcoal toothpastes.
However, the study showed that these products do increase surface
roughness, which could potentially lead to dentine hypersensitivity if
dentine is exposed [30].

In contrast to this, the relative dentine and enamel abrasivity
of charcoal toothpastes were like other toothpastes [31]. However,
as discussed in the study, RDA/REA is only one of many factors
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to consider when looking at abrasivity. In addition, a brushing
machine was used, which may not replicate exactly how abrasive the
toothpaste would be in-vivo [31]. Nonetheless, a similar study, using
hand brushing instead of machine brushing on acrylic, found that
toothpastes containing charcoal caused a similar amount of abrasion
to those without a charcoal abrasive [32]. A study concerning human
enamel samples reported that toothpaste with a higher RDA has been
shown to have little effect on wear of enamel, although dentine wear
increased by a statistically significant amount [33]. However, a 2023
study using bovine enamel reported that wear increased relative to
regular toothpaste (containing sodium bicarbonate) for products
containing charcoal [34]. The data regarding charcoal toothpastes and
its effect on enamel or dentine clearly differs across studies, although
it does appear that there is definite potential for these toothpastes to
cause damage, particularly to dentine. Some studies are also laboratory
based and although helpful, may not always relate to a clinical
situation. Considering this and the fact that the aesthetic outcomes
of these toothpastes appear poor at best, with the possibility that they
may even cause marginal staining of resin composites [35], it would be
sensible to advise patients to avoid these products.

Brushing Force

A 2015 laboratory study on human dentine samples, investigated
for the first time the effect of brushing force on the patency of dentinal
tubules and in-turn the effect brushing force may have on dentine
hypersensitivity [36]. It demonstrated that an increased brushing force
(400g) leads to a large increase in the number of patent dentine tubules.
Importantly, and in contrast, lower brushing forces closer to 100 g had
therapeutic effects on the dentine and resulted in the development of
a smear layer irrespective of whether a toothpaste was used. Patent
dentinal tubules are a prerequisite for dentine hypersensitivity and
therefore demonstrated that an over-zealous brushing force could
lead to increased sensitivity [36]. Lower brushing forces are not always
obtained and the author reported that lower forces of 100g occur when
the toothbrush bristles do not bend [36]. It would therefore appear
sensible to advise patients not to brush firmly. Anecdotally, many
patients believe that a firm brushing style will lead to improved oral
hygiene and therefore we should be counselling our patients on this.
Perhaps suggesting an electric toothbrush with a pressure sensor is a
sensible compromise or suggesting that the toothbrush bristles do not
bend on brushing.

Bristle Stiffness

With reference to bristle stiffness, a recent laboratory study using
bovine dentine found that with increased brushing force, there is a
statistically significant increase in dentine wear. This was concluded
for both soft and medium toothbrush bristle stiffness. It was observed
that medium-stiffness bristle toothbrushes, do cause an increase in
dentine wear, however, this was only at an increased brushing force
(4N equivalent to 400g). At lower brushing forces (IN-3N), the wear
between the brushes was not statistically significant [37].

Regarding human enamel samples, Turssi et.al reported that
medium and hard stiffness bristles caused more wear than softer
bristles [38]. However, the toothbrushes used did have different bristle



Rose, Gillam and Olley (2025) Dentine Hypersensitivity: An Update

diameters/ number of bristles per tuft, which may have affected the
results. Anecdotally, it may also be inferred that due to the diameter
of filaments within softer brushes being less, they may by default carry
more toothpaste and may in fact bend and contact more the dentine
surface.

Bristle Arrangement and Shape

When using human dentine samples, a study observed that the
arrangement of the toothbrush bristles and brushing mode can affect
the amount of dentine wear [39]. The study investigated the following
toothbrushes a) sonic toothbrush, b) oscillating-rotating, ) flat manual
brush and d) rippled manual toothbrush. A standard brushing force of
2N and same toothpaste was used. It was observed that the sonic brush
produced the most wear, followed by oscillating, then flat manual and
rippled manual toothbrushes. It has been surmised that the bristles of
the power brush may travel a longer distance over the tooth, thereby
increasing the wear. The rippled bristles of the manual brush produced
less wear, possibly since less bristles were in contact with the tooth.
The increased movement frequency of the sonic brush, together with
its wiping movement may apply increased shear forces to the dentine
[39]. A 2022 study from the University of Zurich reported that the
shape of the bristles can affect the amount of dentine wear. The study
used bovine dentine samples and examined both tapered bristles and
round ended bristles. It was determined that the round ended bristles
caused a statistically significant increase in wear, compared to the
tapered bristles. This was the outcome for all brushing forces applied.
There is also evidence to suggest that the cleaning efficacy of tapered
brushes is an improvement on round ended bristles [40].

Similarly, a study compared the relative dentine abrasivity of
toothbrushes with different tuft arrangements - looking specifically
at crossed and parallel tufts. It was observed, using bovine dentine
samples, that parallel tufts caused significantly more wear. This was
the outcome regardless for the slurry abrasivity and bristle stiffness.
Soft crossed toothbrushes also caused more wear than the medium
crossed toothbrushes [41]. It appears that the data regarding bristle
stiffness is conflicting, and that bristle shape, arrangement and mode
of brushing all play a part in the aetiology of wear and DH. It is likely
impractical to advise patients to buy toothbrushes with specifically
shaped bristles as this information is not readily available to the lay
consumer. It appears sensible, based on the information we have, to
advise patients to avoid using a charcoal dentifrice and make use of
a gentle brushing habit (or make use of a pressure sensor). Further,
research is needed regarding bristle stiffness.

Brushing Frequency

A study on self-reported DH, indicated that there was no
association between both brushing frequency and time spent brushing
on the prevalence of DH [42]. However, again based on clinical
experience many patients feel compelled to brush their teeth more
than twice a day to achieve optimal oral hygiene and they should be
advised that this is not necessary.

Erosion - Intrinsic and Extrinsic Sources of Acid

A 2020 systematic review of 53 cohort and cross-sectional
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studies demonstrated that carbonated drinks, energy drinks and
fruit juices are heavily implicated in dental erosion. Furthermore,
it was observed that those who had a high intake of carbonated
drinks between meals or those who hold drinks in their mouth
prior to swallowing, had an increase in the prevalence of erosion.
Drinking carbonated/ acidic drinks at bedtime was also reported to
be an additional risk factor for erosion [43]. Frequent consumption
of dietary acids throughout the day is associated with erosive tooth
wear [44].

A 2017 study demonstrated greater self-reported DH in those
drinking more than three dietary acids per day, particularly between
meals. What was of particular interest was the strong association
between habits such as sipping/ swishing dietary acids in the mouth,
which was independent of frequency of consumption. This indicated
that contact time with dietary acids may be even more vital in the
aetiology of DH [42].

The largest European study investigating DH demonstrated a
strong link between an erosive diet and dentine hypersensitivity.
Patients were clinically assessed for dentine hypersensitivity, and this
was cross referenced with a questionnaire detailing erosive acid intake.
There was a strong correlation between erosive drinks (isotonic/
energy drinks) and dentine hypersensitivity [45].

Consumption of erosive drinks has been demonstrated to be
associated with wear on both the incisal and occlusal surfaces of the
teeth. There is a positive relationship between the severity of this wear
and the severity of reported DH. In addition, DH was associated with
acidic beverage consumption and was more prevalent the less time
there had been since the last consumption of such beverages [24]. This
is likely due to the effect of recent interruption of the smear layer by

erosion.

Gastric reflux is significantly associated with both erosive tooth
wear and DH [6]. Often this presents as wear on the palatal surface
of the anterior maxillary teeth. Patients with reflux should be advised
to seek medical care with their general medical practitioner (GMP).
It is important to note that reflux may be silent, and patients may be
unaware of their reflux, therefore practitioners should keep this in
mind and refer patients to the GMP as necessary [46].

Erosive acids within the diet, particularly acidic drink
consumption, leads to erosive tooth wear and subsequent dentine
hypersensitivity. Patients must be instructed that these foods/ drinks
should be limited in the diet and drunk at mealtimes only.

Non-Carious Cervical Lesions (NCCLs) and Toothwear

NCCLs are tooth wear lesions located at the cervical region of
teeth, known as the Cemento Enamel Junction (CEJ), without the
presence of caries. They are usually wedge shaped [47]. It has long
been suggested that these lesions may be a result of tensile stress in
the cervical area, because of occlusal forces [48]. This historically has
been termed abfraction, defined as hard tissue loss because of ‘cyclic
and non-axial loading of teeth that leads to biomechanical stress, that
is theorized to cause wedge defects at the CEJ [49]. There is a great deal
of debate regarding if abfraction is a major cause of tooth wear and if it
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could therefore be an indirect cause of dentine hypersensitivity. Often
studies fail to control for other possible causative factors including
toothpaste abrasivity, toothbrushing habits and erosive factors in the
diet. Currently there appears to be little clinical evidence that occlusal
factors are contributing to NCCL development [50].

A 2012 systematic review demonstrated that there is currently
limited high-quality evidence linking occlusal forces with the
formation of NCCLs [51]. Many of the studies looking into abfraction
have used computer algorithms to analyse these forces, however they
do appear to have limitations. Often in these studies the forces are
shown to be equally applied lingually [52], however this contradicts
the clinical evidence that most of these lesions are observed buccally
[53], which is where abrasion from toothbrushing is normally
identified by a clinician.

Furthermore, studies have demonstrated that NCCLs can be
replicated in a laboratory setting using both abrasive and erosive
challenges, without occlusal forces [54]. ‘However, abfraction type
lesions have not been replicated in laboratory settings. Interestingly,
from an anthropological point of view NCCLs were not prevalent
before the introduction of toothbrushing and dentifrice use [55].

It appears that evidence regarding abfraction is limited and the
available studies are not able to demonstrate a conclusive link between
occlusal forces and NCCLs. Therefore, it remains prudent that both
erosion and abrasion contribute to development of NCCLs, at least
early on, and to concentrate preventative advice with our patients
around these aetiologies. Figure 1 provides an example of abfraction
lesions on multiple teeth, caused by erosion and brushing abrasion.
Please note not all teeth are in occlusion.

Management

The most important aspect of management is prevention of
aetiologies, as discussed above. There have been numerous suggested
treatments to alleviate dentine hypersensitivity. Often these treatments
will focus on blocking the neural transmission or act as an occluding
agent i.e. blocking the dentine tubules [56]. The latter has allowed
better management by focusing on the aetiology i.e. dentine tubule

exposure as follows. Figure 2 demonstrates the surface of dentine with L ; £ ¥ ; i i A 4
o L % o ¥ ! ‘] o, N A L ! ol

dentine tubules occluded and covered following tubule occluding . ) ) . . ' - )
o Figure 2: 1000x scanning electron microscopy image of the surface of dentine following
toothpaste apphcatlon (Table 1). dentine tubule occluding toothpaste application.

Table 1: Summary on the management of dentine hypersensitivity.

Reinforce good oral hygiene

Identify any causes of tooth wear or recession and keep thorough records of their site and severity using recognised indices such as a CHI or Schiff scores for DH'.

Patients should avoid the use of abrasive dentifrices such as charcoal toothpastes and similarly avoid overloading toothbrush heads with toothpaste.

Use gentle force when brushing or make use of a toothbrush with a pressure sensor.

Preventive Softer bristled brushes may provide additional protection, although evidence is limited.

Toothbrushes with tapered bristles may reduce the risk of abrasion, although this advice may be impractical to implement.

Reduce consumption of acidic drinks and food

Avoid habits such as swishing or holding drinks in the mouth

Patients with suspected gastric reflux should be advised to see their GMP, it should be remembered that reflux may be silent.

Conventional brushing and dab-on techniques with stannous fluoride may be beneficial

Toothpaste
and Calcium sodium phosphosilicate dentifrices such as NovaMin provide protection through dentinal tubule occlusion.
restorative Strontium and arginine-based dentifrices are also beneficial, although strontium is more acid resistant.

interventions |Restorative treatment such as composite build ups/covering may be required in areas of tooth wear
as required

Restorative treatment of gingival recession may be considered as appropriate, such as gingival veneers, restorative restoration of recession defects and soft tissue grafting for local defects.
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Stannous Fluoride and Dab On

Dentine tubule patency has been shown recently to decrease
after brushing with a stannous fluoride dentifrice and the effect was
statistically significant [57]. Moreover, dab-on techniques using both
stannous fluoride and sodium fluoride were found to have an even
greater reduction on dentine tubule patency (over an equivalent
brushing time of 4-6 weeks), with stannous fluoride being superior.
There was a statistically significant decrease in patent dentine tubules
when applying stannous fluoride brushing/ dab-on and sodium
fluoride dab-on compared to when using sodium fluoride when
brushing [57]. Sodium fluoride is mentioned further, below. This
study was novel in that it demonstrated the importance of dab on and
its mechanism of action [57].

Other Toothpastes When Brushing

Calcium sodium phosphosilicate (CSPS) has been suggested as a
treatment for DH and is included in some toothpastes. It acts to occlude
dentinal tubules and is marketed as NovaMin [58]. A 2016 study has
shown that twice daily use of 5% CSPS dentifrice significantly reduces
DH [56]. Novamin toothpastes have been shown to significantly
decrease dentine tubule patency [59]. A systematic review and meta-
analysis found similar results, indicating that CSPS use reduces DH
symptoms compared to a control group [60].

Strontium based toothpastes have also been shown to be
efficacious in the treatment of DH. A study has demonstrated that
8% strontium acetate toothpastes achieved a significantly greater level
of tubule occlusion compared to 8% arginine. It was also reported to
provide an acid-resistant layer after use, which was not found in the
use of arginine [61].

A systematic review has demonstrated that arginine containing
toothpastes also have positive efficacy in the reduction of dentine
hypersensitivity. This was after 8 weeks of constant use [62].
Furthermore, a study investigating a twice daily use of a pro-argin
mouthwash for eight weeks, found that it led to a significant reduction
in DH symptoms [63].

Itwas demonstrated ina 2012 study that arginine-based toothpastes
lead to a significant increase in tubule occlusion compared to a control
group, although as discussed previously strontium performed better
over a long time [61]. A 2015 study has demonstrated that arginine
dentifrices may occlude tubules beneath the surface, though, once
again the strontium dentifrice performed better over less time [64].

The toothpastes only work within the outer microns of teeth (up
to 9 micrometres below the dentine surface) therefore very aggressive
wear, e.g. lots of vomiting/very acidic drinks etc., or scaling in a dental
surgery, are likely to rinse away the occluded section of dentine and
require repeated toothpaste applications to help continually occlude
the dentine and reduce DH symptoms [64].

Sodium Fluoride and Dab On

Sodium fluoride toothpastes have and continue to often be
advised for acute management of DH, although the efficacy of fluoride
as sodium fluoride is modest as it does not have substantial occluding
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properties [65]. It should be noted that Duraphat 2800 ppm or 5000
ppm Sodium Fluoride toothpaste is not marketed for DH but is still
mistakenly prescribed for this condition.

A novel study showed that sodium fluoride used repeatedly over a
longer time has been shown to create precipitation of a smear layer at
the surface of the tubules when ‘dabbed’ on [57]. This is perhaps due
to some Calcium Fluoride precipitates at the surface of the dentine.
Nonetheless, this was not fluorapatite, which is important for greater
acid resistance and as shown by other papers, above, active ingredients
for DH such as Stannous Fluoride, Novamin, Strontium Acetate and
Arginine, may also work in a quicker time scale.

Practitioners should bear in mind that desensitising toothpastes
may be masking an underlying problem i.e. dietary acid and the
importance of reducing dietary acid. Therefore, although not useful
as a mode of treatment for DH symptoms, NaF used over time may
be appropriate as a routine toothpaste, provided the aetiology of DH
is managed.

It should be acknowledged that it is not acceptable to simply
provide a toothpaste or apply an in- office procedure or application
without removing the underlying predisposing features that were
implicated in the initiation of DH. The importance of prevention,
education and management of the condition cannot be understated. It
may be sensible therefore to consider management strategies based on
three specific conditions associated with DH namely 1) a patient with
gingival recession, 2) a patient with periodontal disease or the impact
of periodontal treatment and 3) a patient with tooth wear [66,67].

Conclusion

The prevalence of DH is high and likely to be an increasing
challenge to manage for the dental profession. DH may occur on tooth
surfaces occlusally or cervically. The latter is associated with NCCLs.
Abfraction is a misnomer and NCCL is a better term, caused at least
initially by erosion and or erosion and abrasion. Sodium fluoride is
not recommended for the management of DH, patients should be
counselled on the use of NovaMin, arginine, stannous fluoride and
strontium dentifrices. Patients should avoid charcoal toothpastes
and not overload their toothbrush head with toothpaste. Limiting
the frequency and amount of extrinsic acid consumed and intrinsic
erosion, the latter in liaison with the medical team, is therefore,
important. Further research is needed regarding bristle stiffness,
diameter, arrangement and shape as currently advising patients
regarding this matter is challenging, however, reducing brushing force
(whilst brushing effectively) is possibly the most important factor to
consider.
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