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Prevention. Part 3: Prevention of tooth wear
W. Peter Holbrook1 and I. B. Árnadóttir2; Series Editor E. J. Kay3

Non-carious destruction of teeth has been observed in archaeological material from
various parts of the world and clearly pre-dates the first appearance of dental caries.
Attrition, abrasion and erosion are also described in the classic text of Pindborg1 on the
pathology of the dental hard tissues. Whilst the dental profession, at least in affluent
parts of the world, was engaged in diagnosing, treating and later preventing dental
caries these other causes of tooth destruction were largely ignored. 
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● The causes of tooth wear may be intrinsic or extrinsic and are usually chemical (acidic) or
mechanical (frictional) in nature. 

● Several factors may combine to cause tooth wear in any individual patient. 
● Tooth wear, especially tooth erosion is an increasingly recognised clinical problem.
● Modifying the composition of soft drinks is an important concept in prevention that should

be further developed.
● Although a conservative approach to restorative treatment seems justified, longitudinal

clinical evaluations are needed.

I N  B R I E F

Striking clinical examples of attrition were seen
in patients with bruxism. Abrasion was attrib-
uted to tooth brushing or occasionally to habits
such as chewing on a pipe stem. Erosion was
seen in patients with symptoms of gastric
reflux2,3 and later was recognised in patients
with anorexia4 or bulimia5 or in patients with
unusual dietary habits.6 In some cases erosion
has been recognised as an occupational disease
where workers have been exposed to acidic
fumes, for example in factories making batter-
ies.7,8 It is also recognised among wine-tasters9

(Type 4,5). 
Over the past 10–15 years, however, there has

been a steady increase in reports of erosion seen
especially in young adults, adolescents10 (Fig. 1)
and young children as noted particularly in the
UK National survey.11 The cause of this erosion
has been largely linked to the high consumption
of soft drinks, both fruit juice and carbonated
drinks, by these age groups. This link has been
made largely in Europe and the problem has
received little attention in the literature coming
from the USA12,13 (Type 4).

DIAGNOSIS AND SEVERITY
In order to prevent or reduce the non-carious
destruction of tooth substance it is important
first of all to: 

1. Recognise that the problem is present
2. Grade its severity
3. Diagnose the likely cause or causes and,

4. Monitor progress of the disease in order to
assess the success, if any, of preventive 
measures. 

Collectively the various manifestations of
non-carious tooth destruction have been
termed tooth wear which conveniently allows
for discussion of the problem without the obli-
gation to meet all the precise definitions of
each manifestation of the condition. Indeed
many patients present with tooth wear that is
the result of several aetiological factors that
do not fall conveniently into one or other of
the categories, attrition, abrasion or erosion
(Figs 2,3). Careful observation by the dentist or
hygienist at a routine visit is still probably the
most usual way for tooth wear to be seen. Tooth
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Fig. 1 Clinical appearance of erosion on the palatal
surface of upper incisor teeth in a patient who consumed
daily large quantities of carbonated drinks
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wear may be present in patients with gastro-
oesophageal reflux disease (Figs 4-6), bulimia
and anorexia. It is clearly important for doctors
and nurses treating patients with these condi-
tions to be aware of the possibility that the
patient also has severe tooth wear. 

Once diagnosed, it is important that the loca-
tion of the tooth wear and its severity be record-
ed. Several indices are available for this, ranging
from the relatively simple index of Eccles and
Jenkins14 (Type 4), that was designed for record-
ing the severity of erosion, through the more
detailed modification of the same index proposed
by Lussi15 and the detailed Tooth Wear Index of
Smith and Knight16 (Type 4) that is somewhat
cumbersome to use at first but gives a good
record of wear on each tooth surface enabling
monitoring of the progression of tooth wear. It is
also not limited to tooth erosion as are most of
the other indices. In epidemiological studies the
degree of inter- and intra- examiner variability
in detecting and scoring tooth wear may be as
great a problem as determining the aetiology.
Careful calibration of examiners is helpful. For
an individual practitioner, clinical experience
may not be sufficient for his or her purposes and
even a brief examination and second opinion by
a colleague may help confirm the diagnosis, its
severity and possible aetiology. Study casts are
clearly a useful record of the status at any partic-
ular time and can be used to monitor progression
of tooth wear. Computer-aided analysis of direct
imaging of the affected teeth, impressions or

study models are being developed but have not
yet reached the stage of being a useful clinical
tool for general practice 17,18 (Type 4). For routine
clinical purposes, tooth wear should be recorded
separately for the anterior and posterior teeth.
The clinician should note the tooth wear as
being: in enamel only; into dentine; or severely
affecting the tooth or series of teeth for example
as seen frequently in erosion of the palatal 
surfaces of four maxillary incisor teeth. 

AETIOLOGY AND HISTORY TAKING
Following diagnosis of the presence of tooth
wear, the clinician should attempt to determine
the main aetiological factors. This will partly be
based on clinical experience: examination of
wear-facets; restorations that stand proud of the
surrounding enamel; loss of vertical dimension;
and the pattern of tooth wear. For example, a
pattern of tooth wear involving the palatal sur-
face of maxillary molar teeth, buccal surfaces of
mandibular molars and palatal wear of maxil-
lary anterior teeth is strongly suggestive of ero-
sion caused by gastric acid. Nevertheless, other
factors may play a part in the overall clinical
picture. If there is a loss of occlusal enamel in the
molar teeth the consequent loss of vertical
dimension may produce ‘step-like’ wear facets
palatally on the maxillary anterior teeth (Fig. 2),
especially if the enamel has also been lost on
these surfaces (Figs 5-6). The patient may also
show other signs of more severe bruxism. A par-

ticular diagnostic problem is the condition
sometimes termed abfraction where cervical
erosions occur in several teeth thought by some
authors19,20 (Type 4) to be caused by lateral
occlusal forces acting in an acidic environment.
These conditions may be found in a patient with
bruxism who also has gastric reflux or who con-
sumes acidic foods or beverages frequently.

Good history taking is essential to determine
the consumption of carbonated drinks, fruit
juices and other dietary factors that may con-
tribute to the observed tooth wear.15 Medication,
particularly frequent use of asthma inhalers
containing steroid21,22 (Type4) or effervescent
medications,23 should be checked as they may
contribute to tooth erosion. Habits, including
tooth brushing, that could contribute to tooth

Frictional forces and
acids cause tooth
wear, singly or in
combination.
Although the 
presence of tooth
wear may be obvious
to the clinician,
determining its cause
can be difficult

Fig. 2 Erosion on the palatal surface of maxillary incisor
teeth, note the ‘step’ in the dentine caused by abrasion
in the dentine by the lower incisors

Fig.  3 Appearance of erosion in maxillary teeth of a
teenage patient who consumed large quantities of
carbonated drinks and also had a history of gastric
reflux. Note the remains of incisal enamel at the gingival
margin and erosion of the palatal cusps of the premolar
and molar teeth

Fig. 4 Clinical appearance of maxillary anterior teeth in a
patient with gastric reflux disease — note the enamel at
the palatal gingival margin and the approximal surfaces
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wear should be investigated with careful ques-
tions. It is important not to indicate that any
blame for the clinical findings is being placed on
the patient, otherwise a false history will be
obtained. This is especially true when there are
financial implications for the patient, for exam-
ple the possibility of discretionary payments for
necessary dental treatment, should the tooth
wear be deemed not to be the ‘fault’ of the
patient. The possibility of gastro-oesophageal
reflux should be considered, not only bulimia
and anorexia that patients are understandably
reluctant to admit to, but also other possible
causes of reflux including hiatus hernia.24 It
may be necessary for the dentist to refer the
patient to a gastroenterologist for investigations
including gastroscopy and 24-hour monitoring
of oesophageal pH that is the ‘gold standard’ for
diagnosis of gastro-oesophageal reflux dis-
ease.25 Prompt diagnosis of reflux will in most
cases lead to medication or possibly surgery to
reduce reflux that will, in turn, remove the ero-
sive challenge to the teeth (Type 4,5). 

Tests of salivary function, particularly
measuring salivary buffer capacity, may reveal
contributing factors to tooth wear. There is no
doubt that saliva plays an important role in the
protection of enamel from erosion by acid, both
by supplying the components of the acquired
pellicle that coat the enamel surface and by

promoting remineralisation of the enamel sur-
face following acid attack. Clinical studies of
the relationship between erosion and low sali-
vary buffer capacity have, however, given con-
flicting results (Type 4).25–27 Careful history
taking and clinical examination bearing in mind
a possible mixed aetiology of tooth wear and
including questions on diet, reflux disease and
functional habits should help the practitioner
arrive at a correct diagnosis.

PREVENTION OF TOOTH WEAR
Preventing tooth wear is not the same as pre-
venting caries. Dental caries is regarded as a
disease that will affect most people in the
world to some extent during their lifetime. This
inevitability of caries developing, at least his-
torically, was a strong stimulus to the develop-
ment and promotion of preventive measures,
especially those based on fluoride use and oral
hygiene. Developed countries have experi-
enced, by and large, higher prevalences of
caries than less developed countries and their
need for preventive measures has, therefore,
been greater. Well-structured prevention pro-
grammes based on fluoride, organised dental
examinations and regular recall and even
financially subsidised treatments have become
available that not only protect non-diseased
teeth but also reduce the cariogenic challenge
by removing the diseased tissue. 

Tooth wear is a different and, in many ways,
more difficult preventive problem. It has been
regarded, until recently, as a problem for indi-
vidual patients rather than being community
based. With the high prevalences particularly of
tooth erosion recorded in some surveys11,28

(Type 4), it is arguable that this type of tooth
wear at least has now achieved the status of a
community-wide dental problem in several
countries. Undoubtedly tooth wear that can be
attributed to a coarse diet, to rituals such as 
filing down teeth and also to environmental 
factors can all be found in developing countries.
Prevention of tooth wear in these circumstances
calls for cultural and economic changes that lie
outside the scope of this review. 

Although tooth wear is increasingly recog-
nised to be a problem, it is difficult to predict
which individuals will be affected and true pre-
vention is therefore difficult to achieve. Much
that can now be done is aimed at limiting further
tooth wear in individuals already found to be
affected by this condition. Population-based
strategies of prevention, such as by widespread
modification of the composition of soft drinks
and educational campaigns to increase aware-
ness of the causes of tooth wear may be possible
but it is not likely that they will meet with the
widespread acceptance that preventive strate-
gies for caries have achieved. This is in part due
to the age group perceived to be most at risk of
developing erosion, teenagers and young adults,
being rather resistant to the messages of health
educators, at least when the message relates to
reducing the consumption of erosive drinks that

Although tooth wear
is now a community-
wide problem, 
population-based
preventive strategies
will probably be less
effective than for
dental caries

Fig. 5 Clinical appearance of maxillary posterior teeth in
a patient with erosion and gastro-oesophageal reflux
disease. The erosion is largely confined to the palatal
aspects of these teeth

Fig. 6 Clinical appearance of mandibular posterior teeth
in a patient with erosion and gastro-oesophageal reflux
disease. The erosion is largely confined to the buccal
aspects of these teeth
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are so much a part of the lifestyle of this age
group. More can possibly be done with an at-risk
strategy aimed at specific individuals with early
signs of tooth wear or with known risk factors
for tooth wear present, such as those taking
medicines known to be erosive and patients with
bulimia. For such a strategy to work collabora-
tion between the dentist and other healthcare
professionals is important. 

PREVENTIVE STRATEGIES 
Strategies for preventing tooth wear are largely
based on the individual. Abrasion and attrition
are disorders that are individual-based. Erosion
has certain features, including its prevalence
and relationship to diet, that make the disease
problem somewhat similar to that of caries. Few,
if any, population-based strategies that have
been so successful in caries prevention have,
however, been shown to have an effect on ero-
sion. The perceived increase in the prevalence of
tooth erosion has produced an upsurge of
research into possible ways of preventing ero-
sion whereas other forms of tooth wear have
received less attention.

Fluoride
Fluoride is the mainstay of caries prevention and
it was, therefore, natural for fluoride to be con-
sidered as a possible vehicle for preventing tooth
erosion. In fact the literature contains conflict-
ing reports about the benefits of fluoride in this
respect. A number of animal and in vitro studies
suggest that adding fluoride to potentially ero-
sive drinks will reduce the erosive potential of
these drinks.29–31 Addition of fluoride to sports
drinks has also been shown to reduce the erosive
potential of these, otherwise highly erosive,
drinks.32 Amaechi et al.,33 have shown that xyli-
tol and fluoride have an additive effect in reduc-
ing the erosive potential of orange juice in 
in vitro studies. Larsen,34 however, showed that
the protective effect against erosion of fluoride
added to soft drinks was minimal. Clearly some
more research is required in this area to resolve
these differences, perhaps through the develop-
ment of agreed test systems to evaluate erosive
potential. It is known that tooth brushing shortly
after drinking an erosive beverage causes an
increase in tooth wear. Topical fluoride appears
to protect against this subsequent tooth wear
following acid challenge.35–37 This is especially
helpful in reducing dentine wear in previously
eroded teeth.38 Fluoride, therefore, appears to
have only a limited protective effect against 
erosive challenge in vivo (Type 4).

Drink modification
Drink modification has been developing in
recent years with varying success.30 Addition of
calcium lactate to Coca Cola® has been shown to
reduce the erosive potential of this most interna-
tional of erosive beverages39 but this research
does not appear to have been taken up by the
manufacturer. Rather the reverse trend is seen
with the marketing of drinks with added citric

acid to drinks such as Pepsi Cola® and to several
diet preparations of carbonated drinks. This
increases the erosive potential of these drinks, at
least when measured in vitro.40 A successful
attempt to reduce the erosive potential of soft
drinks by the addition of calcium citrate-malate
was reviewed by Grenby30 but a later in vivo
investigation by Rugg-Gunn et al.41 found no
difference in the amount of erosion seen in
enamel slabs treated with plain or modified
orange drinks. One of the potentially most
important steps in soft drink modification has
been the development and subsequent market-
ing of Ribena Tooth Kind.42–44 This low pH
blackcurrant drink has been modified with the
addition of calcium and has been shown in 
in situ and in vitro studies to be less erosive than
blackcurrant drinks without added calcium and
also less erosive than orange juice. Considering
the increasing prevalence of tooth erosion, espe-
cially in young children and teenagers and the
strong association between consumption of
acidic drinks and tooth erosion, it still seems
logical to continue the development of drinks
with low erosive potential. Drink modification
has considerable potential in combating erosion
but clinical trials are needed.

Diet modification is a difficult area in which
to achieve successful disease prevention as
experience from dental caries has shown. Never-
theless the strong links between dietary factors
and tooth wear make it sensible for the dental
team to at least try to get patients with tooth
wear to modify their diet. Patients with tooth
wear thought to be linked to dietary acids should
be closely questioned about their dietary habits
and modifications, suggested including reduc-
ing the frequency of consumption of these foods
limiting consumption of fruit and fruit juices to
mealtimes. Consuming hard cheese or milk prod-
ucts after drinking an erosive beverage may 
promote re-hardening of the enamel45,46 (Type
4). This is probably also a useful method of neu-
tralising acid in the mouth after a bout of reflux
or vomiting but patient compliance is perhaps
questionable. Chewing-gum containing car-
bamide (urea) has been shown to raise salivary
pH rapidly47 (Type 4). This may, therefore, reduce
the erosive effect of acid in the mouth. 

The pattern of drinking erosive beverages is
thought to contribute to tooth erosion48 (Type 4)
especially when cola-type drinks are swished
around the mouth before swallowing. Drinking
through a straw has been shown to reduce the
potential for tooth erosion from acidic drinks49

(Type 4), especially on the palatal surfaces of the
maxillary incisors that are most commonly
affected in patients with erosion. 

Abrasion caused by diet or tothbrushing is
greater if the teeth have been recently exposed
to dietary or gastric acid. It has been shown by
Attin et al.50 that resistance to this abrasion
develops in the mouth but that at least 60 min
should elapse after an acid challenge to the teeth
before brushing. This is probably of particular
significance for patients who have frequent

Modifying drinks 
to make them less
erosive is still the
most promising and
realistic preventive
measure against
tooth erosion
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episodes of vomiting but it is also sensible for
dentists to advise their patients not to brush
shortly after consuming carbonated drinks. Sim-
ilarly, mouthrinses with a low pH should not be
recommended for prolonged use nor as pre-
brushing rinses.51 Remineralizing toothpaste
(Enamelon™) has been shown to increase the
hardness of acid-treated teeth significantly more
than conventional fluoride toothpastes in 
in vitro studies.52

Saliva and pellicle are important factors in
protection of tooth substance against acid
attack. Amaechi et al.33 and Johansson et al.47

have shown that erosion is usually found in
areas of the dental arches that are lacking in
pellicle. Increasing salivary flow and hence
accumulation of pellicle will, therefore, probably
offer protection against erosion. Data from clini-
cal trials are lacking, however, although Hall 
et al.53 (Type 4) have demonstrated this protec-
tive effect of salivary pellicle in an in-situ model
system. Increasing salivary flow and, conse-
quently, buffer capacity should increase protec-
tion against erosion and promote remineraliza-
tion. Sugar-free chewing gum and even
fluoride-containing or carbamide-containing
gum should be advised, particularly for adoles-
cents who may be least willing to limit their con-
sumption of acidic beverages. A number of
preparations intended to promote salivation are
available for patients including those with dry
mouth symptoms who may not be willing to
chew gum. Profylin™ (Prophylactor AB, Sweden)
and Xerodent™ (Dumex-Alpharma, Denmark)
lozenges are examples of such topical prepara-
tions and Xerodent™ has the added advantage of
containing fluoride.

Gastric reflux
Reflux disease and vomiting are important caus-
es of tooth erosion. Recognition of the erosion
and presumptive diagnosis by the dentist should
lead to appropriate referral for further investiga-
tion. Most often this will be to a gastroenterolo-
gist for gastroscopy and for 24-hour measure-
ments of oesophageal pH. Medication to reduce
gastric reflux and acid production includes
drugs such as over-the-counter antacids or pre-
scription drugs such as omeprazolum (Losec®)
and ranitidinum (Asyran®). Should hiatus hernia
be diagnosed then surgical intervention may be
necessary. Diagnosis and treatment of the
underlying condition is obviously a pre-requi-
site to stopping the progression of the tooth
wear. In many cases of tooth wear associated
with gastric disturbance, both attrition and ero-
sion are seen. Because many individuals with
erosion are young males, in our clinical experi-
ence at least, they are in the age group that is
known to consume a lot of acidic drink but this
is also the age group that is active in sport and
training and may, for example experience gas-
tric reflux as a consequence (Holbrook et al.
unpublished findings, Type 4). Diagnosis of the
tooth wear may be clear but determining the
aetiological factors involved may, however, be

difficult.54 Should the dentist believe that the
patient may have bulimia then referral to a psy-
chiatrist may be indicated. This is often difficult
and depends to a great extent on the rapport and
trust that the dentist has built up with the
patient. At the very least the dentist should con-
vey his suspicion to the patient’s general med-
ical practitioner. Careful monitoring of the
progress of the tooth wear over time, for exam-
ple with study casts, is helpful both for the den-
tist and as an aid to increase patient cooperation.
The use of fluoride and antacid medications as
well as the protective effect of cheese should be
emphasised and careful instruction on tooth
brushing technique to minimise abrasion should
be given (Type 5).55

Lifestyle changes
Lifestyle changes are particularly difficult to
achieve, especially in the age groups that are fre-
quently found to have tooth wear. Drinking car-
bonated beverages with a straw; eating a piece
of cheese shortly afterwards; and taking
antacids,56 xylitol gum or xylitol-fluoride-con-
taining lozenges57 after exercise are not activi-
ties that fit in particularly well with the lifestyle
of young people. Nevertheless the dental profes-
sion has the responsibility to inform patients of
the problem and its consequences. The success of
fluoride in preventing dental caries in popula-
tions that continue to consume sugar at high lev-
els is not likely to be repeated with tooth erosion.
Indeed the rise in awareness of tooth erosion, in
Europe at least, has occurred as caries levels have
rapidly declined. Whether or not modification of
acidic drinks to make them less erosive will prove
possible or even acceptable to manufacturers and
public alike remains to be seen. Considerable
financial sums are at stake for the industry and it
seems unlikely that these will be risked without
public demand or legislation.

Restorative procedures 
Restorative treatment of teeth affected by tooth
wear is very expensive and not always covered
by health services, even in Europe. There is also
still a need for long-term studies on tooth wear,
particularly into how erosion and related tooth
wear progresses in young people. This makes
authoritative recommendations on restorative
measures impossible until further research has
been completed. Various non-or minimally-
invasive procedures have been tried in order to
prevent further tooth wear but clearly extensive
crown and bridge work is sometimes required.
Lambrechts et al.58 have reviewed the various
therapeutic approaches and point out that the
durability of crown and bridgework is only
15–20 years which should be borne in mind in
the light of the age group frequently presenting
in the dental surgery with tooth wear. Conserva-
tive approaches that may also offer a degree of
protection/prevention against further wear are
therefore urgently sought as are restorative
techniques that do not involve further destruc-
tion of remaining tooth substance. Dentine-

Tooth wear may be 
an indication of
underlying reflux 
disease or bulimia.
Collaboration
between medical and
dental practitioners
is important in 
treating such cases
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bonding agents have been shown to be effective
in reducing sensitivity and offering protection
against further dissolution of erosive lesions59,60

(Type 3). These should be applied and the patient
monitored before any final decision is taken on
restorative measures.55

Prevention of attrition and abrasion is not
usually considered until the patient actually has
signs of the problem. Diagnosis is usually more
straightforward than with erosion except in
cases where attrition or abrasion are superim-
posed on erosion when diagnosis can become
problematical. Patients with bruxism may well
need occlusal splints, at least to use at night, and
restorative treatment is frequently necessary.
Correction of tooth brushing technique and the
use of less abrasive toothpaste should help
reduce abrasion and habits that may lead to
abrasion should be controlled. As with tooth
erosion it is helpful to make study casts and to
monitor progression of the tooth wear. 

CONCLUSION
A considerable increase in tooth wear has been
observed in recent years. This is predominantly
erosion though often complicated by other
forms of tooth wear. Careful diagnosis and mon-
itoring of progress are important and the under-
lying aetiological factors should be corrected
wherever possible. The aetiology of tooth wear is
often complex but individualised prevention can
usually only be initiated once the disease has
started. This is largely aimed at limiting progres-
sion of tooth wear in the affected individual.
Population-based strategies are largely inappro-
priate in preventing tooth wear although modi-
fication of erosive drinks, medicines and foods
may prove to be an acceptable future strategy
for manufacturer and customer alike. Careful
monitoring of patients following diagnosis of
tooth wear, removal of causative factors and rel-
atively simple dental treatments may enable the
patient to avoid extensive restorative proce-
dures. 
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The BDA is currently looking for contributions of
clinical photographs for the new edition of our
popular ‘Pictures for patients’ folder. Three prizes
of £150 will be awarded for the clinical photo-
graph (or series of clinical photographs and/or
radiographs) which is judged to be the best in
each of the following broad categories:

1. Paediatric dentistry and orthodontics
2. Periodontology, oral medicine and oral surgery
3. Restorative dentistry 

Winning photographs will feature in the new edi-
tion of ‘Pictures for patients’ and may also be used
for other BDA publications in the future.
Responding to feedback from members on both
content and quality, the planned third edition,
hopefully to be available later this year, will be
restructured to include sections on paediatric
dentistry and oral medicine as well as illustrating
the latest techniques as clearly and concisely as
possible from the viewpoint of the patient.
Photos can be submitted as slides or prints or 

digitally in jpeg, tif or eps
format at 300 dpi or
above. All commonly used
storage formats are
acceptable. The closing
date for entries is 17th
August 2003. Please note
that all images submitted
will be retained by the
BDA and may be used by
the BDA, or with permission of the BDA, in a 
variety of future publications and presentations.
Winning entries will be judged to be the best in
each category both in terms of photographic
quality and clinical quality and relevance. 
For further information, or to send feedback, 
suggestions or images, please contact: 

Peta D’Souza, Marketing Projects Manager, British
Dental Association, 64 Wimpole Street, London,
W1G 8YS. Direct Line: 020 7535 5840 (Tuesdays,
Wednesdays, Fridays), Fax: 020 7563 4556, 
e-mail: p.dsouza@bda-dentistry.org.uk
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