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Erosive tooth wear: Diagnosis, risk factors and prevention

ADRIAN LuUSSI, DDS, MS, ELMAR HELLWIG, DDS, DOMENICK ZERO, DDS, MS, & THOMAS JAEGGI, DDS

ABSTRACT: Purpose: To provide an overview on diagnosis, risk factors and prevention of erosive tooth wear, which is
becoming an increasingly important factor when considering the long term health of the dentition. Results: Awareness
of dental erosion by the public is still not widespread due to the cryptic nature of this slowly progressing condition.
Smooth silky-glazed appearance with the absence of perikymata and intact enamel along the gingival margin, with
cupping and grooving on occlusal surfaces are some typical signs of enamel erosion. In later stages, it is sometimes
difficult to distinguish between the influences of erosion, attrition or abrasion during a clinical examination. Biological,
behavioral and chemical factors all come into play, which over time, may either wear away the tooth surface, or
potentially protect it. In order to assess the risk factors, patient should record their dietary intake for a distinct period of
time. Based on these analyses, an individually tailored preventive program may be suggested to patients. It may
comprise dietary advice, optimization of fluoride regimes, stimulation of salivary flow rate, use of buffering
medicaments and particular motivation for non-destructive tooth brushing habits. The frequent use of fluoride gel and
fluoride mouthrinse in addition to fluoride toothpaste offers the opportunity to minimize abrasion of tooth substance.
(Am J Dent 2006;19:319-325).

CLINICAL SIGNIFICANCE: Since erosion, attrition and abrasion often occur simultaneously, all causative components

must be taken into consideration when planning preventive strategies.

D: Prof. Dr. Adrian Lussi, Department of Preventive, Restorative and Pediatric Dentistry, School of Dental Medicine,
Freiburgstrasse 7, CH - 3010 Bern, Switzerland. E-D<: adrian.lussi@zmk.unibe.ch

Introduction

There is some evidence that the presence of dental erosion
is growing steadily. Hence, erosive tooth wear is becoming
increasingly significant in the management of the long-term
health of the dentition. As lifestyles have changed through the
decades, the total amount and frequency of consumption of
acidic foods and drinks have also changed. Soft drink
consumption in the USA increased by 300% in 20 years,* and
serving sizes increased from 185 g (6.6 0z) in the 1950s to
340 g (12 0z) in the 1960s and 570 to g (20 oz) in the late
1990s. Between 56% and 85% of children at school in the
USA (circa 1995), consumed at least one soft drink daily,
with the highest amounts ingested by adolescent males. Of
this group, 20% consumed four or more servings daily.?
Particularly, studies in children and adults have shown that
patients with more than four dietary acid intakes per day is
associated with the presence and the progression of erosion
when other risk factors (such as holding the drink in the
mouth) are present.®*

National dental surveys are not routinely undertaken and
when conducted have seldom included measures of tooth
wear, specifically erosion. Erosion was first included in the
U.K. childrens’ dental health survey in 1993 and is repeated
periodically. The prevalence of erosion was shown to have
increased from the time of the children’s dental health survey
in 1993 to the study of 4 to 18 year-olds in 1996/1997.> There
was a trend towards a higher prevalence of erosion in children
aged between 3.5 and 4.5 years; and in those who consumed
carbonated drinks on most days, compared with toddlers
consuming these drinks less often. In another U.K. study,
1308 children were examined at the age of 12 years and 2
years later. In ths study, 4.9% of the subjects at baseline and
13.1% 2 years later had deep enamel or dentin lesions.
Twelve percent of erosion—free children at 12 years developed

the condition over the subsequent 2 years. New or more
advanced lesions were seen in 27% of the children over the
study period.®

Awareness of dental erosion by the public is still not
widespread, and the diagnosis of erosion by dentists and the
differentiation from abrasion, attrition and abfraction may be
difficult. In a survey in England, 34% of children surveyed
were aware of tooth erosion but only 8% could recall their
dentist mentioning the condition.” What is considered an
acceptable amount of wear is dependent on the anticipated
lifespan of the teeth, which is different for primary teeth
compared to permanent teeth. However, erosive damage to
the permanent teeth occurring in childhood may compromise
the growing child’s dentition for their entire lifetime and may
require repeated and increasingly expensive restorations.?

Therefore, it is important that diagnosis of the tooth wear
process in children and adults is made early and adequate
preventive measures are undertaken. Early intervention can
only be initiated when the risk factors as well as the biological
and behavioral modifying factors are taken into account.

This review provides an overview for the clinical
management of erosive tooth wear which includes the early
diagnosis and monitoring, identification of risk factors and
strategies for its prevention.

Diagnosis

Diagnosis in the early forms of erosive tooth wear may be
easily overlooked, as it is accompanied by few signs and
fewer if any symptoms. There is no device available in routine
dental practice for the specific detection of dental erosion.
Therefore, clinical appearance is the most important feature
for dental professionals to diagnose dental erosion. This is of
particular importance in the early stage of erosive tooth wear.
The appearance of smooth silky-glazed appearance with the
absence of perikymata and intact enamel along the gingival
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Fig. 1. Severe facial erosive tooth wear. Age of patient: 25 years. Known
etiological factors: regurgitation, on average seven acidic intakes per day.

Fig. 2. Facial erosive tooth wear. Age of patient: 29 years. Note the location
of the defect. Known etiological factor: gastroesophageal reflux.

Fig. 3. Severe oral erosive tooth wear. Note the intact enamel along the gingival
margin. Age of patient: 28 years. Known etiological factor: vomiting over years.

Fig. 4. Severe oral erosion. Note the composite filling rising above the adjacent
tooth surface. Age of patient: 25 years. Known etiological factors: regurgitation,
on average seven acidic intakes per day (same patient as in Fig. 1).

Fig. 5. Severe oral and occlusal erosive tooth wear. Note the worn cusps and
the composite filling rising above the level of the adjacent tooth surface. Age
of patient: 25 years. Known etiological factors: regurgitation, on average
seven acidic intakes per day (same patient as in Fig. 1).

margin, with cupping and grooving on occlusal surfaces are
some typical signs of enamel erosion. It has been hypothe-
sized that the preserved enamel band along the oral and facial
gingival margin could be due to some plaque remnants, which
could act as a diffusion barrier for acids. This phenomenon
could also be due to an acid neutralizing effect of the sulcular
fluid.® In the more advanced stages, further changes in the
morphology can be found. These changes result in further

Fig. 6. Severe occlusal erosive tooth wear. Note the composite and amalgam
fillings rising above the level of the adjacent tooth surface. Age of patient: 25
years. Known etiological factors: regurgitation, on average seven acidic
intakes per day (same patient as in Fig. 1).

flattening of the surface or develop ing a concavity in
enamel,the width of which clearly exceeds its depth. In severe
cases, the whole occlusal morphology of the tooth disappears.
Figures 1-6 show typical patterns of the erosive tooth wear
process. It is difficult to diagnose erosion at an early stage,
and it can be very difficult to determine if dentin is exposed or
not.’ It is possible to use disclosing agents to render dentin
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Fig. 7. Severe oral and occlusal erosive tooth wear. Note the approximal caries
lesion on the canine. Age of patient: 29 years. Known etiological factor:
gastroesophageal reflux (same patient as in Fig. 2).

involvement visible. In later stages, it is sometimes difficult to
distinguish between the influences of erosion, attrition or
abrasion during a clinical examination. Indeed, these condi-
tions may occur simultaneously. Tooth surfaces of patients
with active (unstained) erosion have no caries. However, at
sites where plaque accumulation is possible (e.g. approximal),
caries may also occur in patients with erosion (Fig. 7). The
most commonly reported areas with wear are occlusal
surfaces. These surfaces are also associated with attrition and
abrasion, and it can be difficult to separate what is being
caused by erosion from what is being caused by other tooth
wear factors.” Therefore, a modern preventive strategy
suggests training of dentists in early detection and monitoring
of the process is needed.

Only with these capabilities can dentists comply with their
responsibilities for providing adequate care for patients. Often
patients themselves do not seek treatment until the condition is
at an advanced stage, when the teeth become hypersensitive or
when the esthetics are affected. This is particularly true for
patients who suffer from anorexia nervosa or bulimia.

Risk factors

When an acidic solution comes in contact with enamel, it
has to diffuse first through the acquired pellicle, and only
thereafter can it interact with enamel. The acquired pellicle is
an organic film, free of bacteria, covering oral hard and soft
tissues. It is composed of mucins, glycoproteins and proteins,
including several enzymes.> On the surface of enamel, the
hydrogen ion component of the acid will start to dissolve the
enamel crystal. First, the prism sheath area and then the prism
core are dissolved, leaving the well known honeycomb
appearance.”® Fresh, unionized acid will then eventually
diffuse™ into the interprismatic areas of enamel and dissolve
further mineral in the region underneath the surface.™'® This
will lead to an outflow of ions (dissolution) and subsequently to
a local pH rise in the tooth substance immediately below and in
the liquid surface layer adjacent to the enamel surface.'® The
events in dentin are in principle the same but are even more
complex. Due to the high content of organic material, the
diffusion of the demineralizing agent deeper into the region and
the outward flux of tooth mineral are hindered by the organic
dentin matrix.'” It has been assumed that the organic dentin
matrix has a sufficient buffer capacity to retard further deminer-

Fig. 8. The different factors for the development of erosive tooth wear showing
its multifactorial etiology (Lussi %)

alization and that chemical or mechanical degradation of the
dentin matrix promotes demineralization.*®*°

These erosive processes are halted when no new acids and/or
chelating substances are provided. An increase in agitation (e.g.
when a drink is swished around the mouth) will enhance the
dissolution process because the solution on the surface layer
adjacent to enamel will be readily renewed.? Further, the amount
and the composition of an acidic drink in the mouth in relation to
the amount and flow of saliva present will modify the process of
dissolution.* In summary, enamel may, in the initial stage, be
softened by acid. When the attack is persistent, the surface is
eventually etched away. In both stages a dissolution of tooth
substance underneath the surface is possible.

There are many factors which are involved in and interact
with erosive tooth wear. Figure 8 shows the different
predisposing factors and etiologies of the erosive condition.
Biological, behavioral and chemical factors are interacting with
the tooth surface, which over time, may either wear it away, or
indeed protect it. The interplay of all these factors is crucial and
helps explain why some individuals exhibit more erosion than
others, even if they are exposed to exactly the same acid
challenge in their diets. As known in the carious process,?
other factors listed in the outer circle will further influence the
whole process of erosion development or defense. Com-
prehensive knowledge of the different risk factors is a
prerequisite to initiate adequate preventive measures. Patients
with erosive tooth wear are often not aware of, and may not
know, the erosive potential of some drinks and foodstuffs. Only
when a comprehensive case history is undertaken will the risk
factors be revealed. It is advisable to have patients record their
complete dietary intake for four consecutive days. The time of
day and quantity of all ingested foods and beverages, including
dietary supplements, should be recorded. Both weekdays and
weekends should be included, as dietary habits during
weekends may be considerably different from those during
weekdays. This dietary and behavior record should be sent to
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Etiological factors for erosions checklist

e Take case history (medical and dental)

« Diagnose the severity and the site specific distribution

* Record the dietary intake over four days and estimate the erosive
potential

e Question the patient for specific factors which they may not be
aware of:

Diet: Herbal teas, acidic candies, alcohol, sports drinks,
effervescent vitamin C tablets, etc.

Gastric symptoms: Vomiting, acid taste in the mouth and gastric
pain (especially when awakening), stomach ache, any sign of
anorexia nervosa.

Drugs: Alcohol, tranquillizer, anti-emetics, anti-histamines,
lemonade tablets. (Change of acidic or saliva reducing drugs is
possible in consultation with patient’s physician.)

»  Determine the flow rate and buffering capacity of saliva

* Reveal the oral hygiene habits, abrasivity of toothpaste and
technique

e Question
environments
e Question patient for X-ray therapy of the head and neck area

e Assess further progression with silicone impressions, study
models, and/or photographs

patient for occupational exposure to acidic

Fig. 9. Checklist used to unveil etiological factors for erosions (in part from
from Lussi et al,9 /66

the dentist prior to the next appointment. A thorough
knowledge of the erosive potential of drinks and foodstuffs is
needed by the dentist, to determine the patient’s risk and to
bring it into context with the behavioral and biological factors.
The different erosive potential of about 50 foodstuffs and
beverages can be found in a reference text on dental erosion.?
This book also shows that yoghurt (pH 4.1) with its high
content of calcium and phosphate shows no erosive capacity.
The calcium (and phosphate) contents are important as they
influence the degree of saturation with respect to enamel or
dentin. Indeed, adding of calcium to orange juice, to sports
drinks (e.g. Lucozade) or other drinks (e.g. blackcurrant juice
drink) has been shown to reduce the erosive effect of the drinks.
The drinking method (holding, sipping, gulping, nipping,
sucking) may affect tooth-surface pH. It follows that holding or
long-sipping of erosive beverages should be avoided, as it
causes low pH-values for a prolonged period of time.?*

Knowing the risk factors and patient symptoms,
juxtaposed with the wishes, hopes and possibilities of the in-
dividual patient, enables the dentist to initiate adequate
preventive and therapeutic measures. Some of these risk
factors have been postulated to act as predictors of future
dental erosion.”® When a restoration is inevitable, in all situ-
ations, the preparations have to follow the principles of
minimally invasive treatment. In no case may early diagnosis
of erosive tooth wear be an excuse for a restoration. Instead
preventive measures must be initiated.

Prevention

After the analysis of the dietary report provided by the
patient, further questioning using the information listed in Fig.
9 should be undertaken. It has to be kept in mind that acidic
candies and herbal teas (such as black currants, loganberries,
cranberries, lemons and raspberries) may have an erosive
potential and aggravate erosive lesions.?** Possible intrinsic
acid exposure should also be taken into account. Based on these
analyses, an appropriate preventive program may be suggested
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Patient reccomendations for high risk dental erosion patients

¢ Reduce acid exposure by reducing the frequency, and contact
time of acids (main meals only).

* Do not hold or swish acidic drinks in your mouth. Avoid sipping
these drinks.

¢ Avoid tooth brushing immediately after an erosive challenge
(vomiting, acidic diet). Instead, use a fluoride containing mouth
rinse, a sodium bicarbonate (baking soda) solution, milk or food such
as cheese or sugar-free yoghurt. If none of the above are possible,
rinse with water.

« Avoid tooth brushing immediately before an erosive challenge,
as the acquired pellicle provides protection against erosion.

e Use a soft toothbrush and low abrasion fluoride containing
toothpaste. High abrasive toothpastes may remove the pellicle.
Avoid toothpastes with very low pH.

» Gently apply periodically concentrated topical fluoride (slightly
acidic formulations are preferable as they form CaF, at a higher
rate).

e Consider using modified acid beverages with no or reduced
erosive potential.

e After acid intake, stimulate saliva flow with chewing gum or
lozenges. The use of a non acidic sugar-free lozenge may be more
advisable, since gum chewing may have an abrasive effect on
softened tooth structure.

e Use chewing gum to reduce postprandial reflux.

e Refer patients or advise them to seek appropriate medical
attention (gastroenterologist and/or a psychologist) when intrinsic
causes of erosion are involved .

Fig. 10. Recommendations for patients at high risk for dental erosion
(modified from>2"%%)

to patients (Fig. 10). However, the advice has to be made on an
individually tailored basis, so not all points listed in Fig. 10 are
appropriate for every patient. The aim of this program is to
reduce acid exposure by decreasing the frequency of ingestion
of potentially harmful drinks and foodstuffs as well as
minimizing contact time with the teeth by rapid consumption of
them rather than sipping or swishing. In addition,
reflux/vomiting should be controlled and the patient’s fluoride
regime should be optimized. As discussed previously, various
processes cause the degradation of tooth substance. Erosion,
attrition and abrasion often occur concurrently, though usually
one of these factors may be predominant. When giving
preventive instructions, all of the causative components must be
taken into consideration. Patients suffering from intrinsic
erosions, depending on the cause, need further care such as
antacids, psychological therapy or even surgical intervention.
Adequate preventive measures will often slow down
progression of the erosion and reduce the need for immediate
restorations. However, assessment of erosion change over time
is important; photographs and study casts are simple means of
monitoring progression.

Acid-eroded enamel is more susceptible to abrasion and
attrition than intact enamel. The thickness of the softened
enamel that is removed following different abrasive procedures
varies in different investigations, depending on the
experimental conditions.®** Some of these studies show an
approximately 10-fold increase of softened enamel to
toothbrush abrasion compared to unsoftened enamel.

In the 1970s, Graubart et al* showed an in vitro protective
effect of a 2% sodium fluoride solution on the erosive process.
Less wear of softened teeth was produced in vitro in the
presence of fluoride toothpaste than in the presence of non-
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fluoride toothpaste with an otherwise identical formulation.* In
recent years, more studies using different fluoride formulations,
e.g. sodium fluoride, acidulated phosphate fluoride, stannous
fluoride, amine fluoride or titanium tetrafluoride showed a
protective effect in vitro.**° Stannous fluoride showed better
protection than sodium fluoride when teeth were immersed in
0.1 M HCI with a pH of 2.2. However, when the pH was
further lowered to 1.2 (which is lower than the acid-content of
the stomach) there was no protection.® Titanium fluoride was
found to be a more effective pre-treatment agent against citric
acid erosion when compared with sodium fluoride.® It appears
that in vitro, highly concentrated fluoride gels demonstrated the
best protection against further erosion/abrasion. Attin et al*
showed in vitro that a slightly acidic gel (pH 4.5) had a higher
abrasion resistance compared to gels which are -either
unfluoridated or neutral. In this study samples were alternately
stored in Sprite light (a citric-acid containing soft drink) (5
minutes) and in artificial saliva (1 minute) four times.*
Unfortunately, there are only a few case reports or in situ
studies dealing with the protective effect of fluoride. Lussi et
al*® compared in situ the impact of different fluoride procedures
on the prevention of toothbrush abrasion prior to and after 3
minutes of enamel softening. After exposing the tooth slabs to
the oral milieu for 60 minutes, the samples were brushed for 15
seconds with medium abrasive toothpaste and the substance
loss was measured. The least amount of toothbrush abrasion
occurred when using a slightly acidic sodium/amine fluoride
gel for 1 minute before softening the enamel, when compared
to all of the other experimental groups. There was, however,
only partial protection. This could be as a result of some
incorporation of material into and/or deposition of material on
the enamel surface, most probably as a CaF,-like material,*’
which will lead to less softening than without this layer. This
CaF,-layer is considered stable at a neutral pH, but may
dissolve as the pH drops during erosive attacks. This deposited
CaF,-like layer may be dissolved readily by most acidic
beverages.****

Jensen et al*® published a case report investigating the
importance of fluoride in maintaining the dentition. In this
study, teeth were obtained from a deceased anorexic and
bulimic patient. Just prior to death, saliva analyses and enamel
biopsies were made, before and after a 3-week regimen of daily
rinsing with 0.05% NaF. After 4 years of daily regurgitation,
there was an almost normal thickness of the enamel present on
the palatal surfaces of the anterior teeth, with normal hardness
measurements 10 um away from the outer surface. SEM
micrographs showed an irregular topography, with crystalline
deposits rich in calcium, phosphate and fluoride. The tooth
surfaces exposed to gastric juice were more reactive to uptake
of additional fluoride when given as a daily rinse, than the more
protected surfaces. This case report suggests that frequent daily
use of fluoride products can minimize the erosive effect of
gastric contents on tooth enamel. Ganss et al*® showed in an in
situ model that treatments with fluoridated toothpaste in
combination with F solution and slightly acidic F gel could
significantly reduce tooth erosion by 50% and 90% on enamel
and 10% and 55% on dentin, respectively. Lussi et al*’ studied
in situ the effect of fluoride rinsing on the prevention of
toothbrush abrasion of softened enamel. A single rinse with
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sodium/amine fluoride solutions before or after erosion had no
significant effect on subsequent abrasion by tooth brushing for
30 seconds. From the above it is clear that further in situ studies
are needed. However, it must be noted that although essentially
most of toothpastes globally are fluoridated, the incidence of
dental erosion appears to be on the increase. Thus, the
effectiveness of fluoride in concentrations usual for toothpastes
against dental erosion appears to be limited to specific models
and may be dependent on the fluoride concentrations. The
compliance for beneficial but demanding regimes as mentioned
above® requires patients that are very motivated and dedicated.
It has to be determined whether such strict regimes are feasible
in daily practice.

Exposure to saliva has been shown to be effective for
rehardening eroded enamel. The mechanism for this is thought
to be that once the erosive agent is neutralized or cleared from
the tooth surface, the deposition of salivary calcium and
phosphate may lead to rehardening of the acid softened
enamel.’®*® Enamel specimens eroded by citric acid for 2 hours
were immersed in artificial saliva and showed partial
rehardening after 1 to 4 hours. These specimens remineralized
for 6 to 24 hours and demonstrated complete rehardening.*
Saliva is an important biological factor in the prevention of
erosion. It has been speculated that saliva stimulation will
enhance the formation of the acquired salivary pellicle. It is
known that the pellicle forms rapidly and has some protective
effect against erosion.>>* Procedures that remove or reduce the
thickness of the salivary pellicle may compromise its protective
properties and therefore accelerate the erosion process.
Procedures such as toothbrushing with abrasive dentifrice
products, professional cleaning with prophylaxis paste, and
tooth whitening will all remove or weaken the pellicle and may
render teeth more susceptible to erosion.?* Acidic beverages
may interfere with the pellicle formation and thus further
modify the protective barrier.>®

As previously discussed, various processes may cause
degradation of the tooth substance. When giving preventive
instructions, all of the possible causative components must be
taken into consideration. Other behaviors that either stimulate
salivary flow (such as chewing gum), or directly help neutralize
acids (such as rinsing with sodium bicarbonate), may counter
the destructive effects of dietary acids.®®*® There is the
possibility that chewing gum may have an abrasive effect on
softened tooth structure. Thus, the gentle use of non-acidic,
saliva-stimulating lozenges may be preferable to chewing
gum.?* However, chewing gum after a meal helps to reduce
postprandial esophageal acid exposure.®”*® It has also been
suggested that chewing gum might be a treatment option for
some patients with symptomatic reflux.>*¢

For individuals who are at high risk for erosive tooth wear
and those with active erosion, it is suggested that tooth brushing
should be postponed after consumption of erosive foodstuffs or
beverages, in order to minimize the risk for potential tooth loss.
Another possibility is to gently apply fluoride prior to the
erosive attack, e.g., application before bedtime when
regurgitation is the problem. This has to be achieved carefully
so that the protecting pellicle is not disturbed. For subjects
prone to caries, the risk of enhancing the progression of carious
lesions by postponing tooth brushing may be too great because
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of the rapid decrease in plaque pH after ingestion of sugar-
containing foods or beverages. A measure that can be beneficial
for both erosion and caries is rinsing with fluoride solution,
thereby enhancing remineralization and stimulating salivary
secretion. Adhesive systems may protect enamel and dentin
from acid attack and brushing abrasion for a limited period of
time.®*® There is clearly a need for improvement and devel-
opment of substances with a high protective capacity against
the erosive/abrasive insult.

This overview has described the importance of correct

diagnosis and prevention of erosive tooth wear. A more
detailed analysis can be found in a recently published book.**
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