
GUEST EDITORIAL

The implication of laboratory research on tooth wear and
erosion

D Bartlett

Guy’s, King’s and St Thomas’ Dental Institute, King’s College, London, UK

Introduction

Recently, research on tooth wear has primarily focused
on dental erosion. Part of this reason is the relative ease
of designing laboratory studies investigating the patho-
genesis of erosion. Whereas, the role of attrition in tooth
wear has been under-researched possibly because recre-
ating realistic laboratory methods are more difficult.
Tooth wear is almost invariably a combination of
erosion, attrition and abrasion. Most clinicians in
Europe recognize the dominant role of erosion but the
role of attrition and abrasion should not be underesti-
mated. This paper will review the literature on preval-
ence, aetiology, prevention of erosion and attrition, and
their combination. The aim of the paper is to reappraise
the role of attrition in tooth wear. This paper will not
review the role of abrasion associated with cervical wear.

Definitions

The combination of erosion, attrition and abrasion is
called tooth wear. Erosion is the chemical loss of hard
tissues not involving bacteria, attrition is the wear of
tooth against tooth and abrasion is the wear of teeth
from other surfaces. Recently, the role of abfraction
(Lee and Eakle, 1984) has raised interest into abrasion
and the link with attrition but this area is under-
researched.

Prevalence

Some of the confusion regarding the relative importance
of erosion and attrition has developed from the methods
used to quantify it. Tooth wear indices remain the most
frequently and conveniently used method to quantify
wear in large epidemiological studies. However, early
development of these indices attempted to relate the
diagnosis to the index (Dahl et al, 1989) or to focus on
one factor, notably attrition (Oilo et al, 1987). It is

almost impossible to distinguish between the influence
of erosion, attrition or abrasion during a clinical
examination without introducing bias into the assess-
ment procedure. Therefore, indices that do not separate
the factors are almost certainly safer to interpret. The
Smith and Knight index uses a 5-point scale to assess
wear on the cervical, buccal, incisal/occlusal and palatal/
lingual surfaces (Smith and Knight, 1984). Other similar
indices have developed using this model but used
simpler determinants at the dentine level (Millward
et al, 1994a).

The problem with tooth wear indices is as they
become more accurate their reproducibility reduces. It is
easier to use the Millward et al (1994a) method than the
Smith and Knight (1984) but the tendency is to focus the
assessment to the early dentine level. This is particularly
useful in children and young adolescents where the
proportion of severe levels is relatively small but may be
more difficult to use in older patients. It is far easier to
differentiate dentine exposure from that of enamel wear
because of the colour difference between the two tissues.
The difficulty is that once the wear has passed into
dentine distinguishing the range of severity is more
difficult. Severe tooth wear exposing the secondary or
tertiary dentine is relatively straightforward and repro-
ducible to assess. Recording the middle range of dentine
exposure is more difficult to differentiate whilst at the
same time maintaining reproducible recordings. As most
studies involving children involve early dentine exposure
the accuracy of the study is normally good (Millward
et al, 1994b; Bartlett et al, 1998; Al Dlaigan et al,
2001b). But as the age of the study population increases
it becomes more difficult to either assess the level of wear
or predict whether it is normal for a particular age.

One problem is that teeth wear with age, it is a normal
process. Therefore, as the age of the sample population
increases the amount of dentine exposure will increase
and so will its severity (Smith and Robb, 1996).
Although, the Smith and Robb study introduced the
concept of pathological wear associated with age bands
there were some concerns regarding the simplicity of this
association together with the sample size (Donachie and
Walls, 1996). However, severe wear is more important
because of its financial implications of restoring the
teeth. There remains a problem with tooth wear indices
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not only in their concept but also in their practicality.
However, there is no other simple method to record
tooth wear in large samples.

Aetiology

Much of the emphasis on the development of erosion
has been directed at the diet. Whilst it is inconceivable to
suggest that dietary acids are not involved it also
unlikely that acids are acting in isolation. There is
sufficient evidence to strongly implicate dietary acids in
the progression of tooth wear. The erosive potential of
citric, malic, phosphoric acids are accepted widely
(Davis and Winter, 1977; Meurman et al, 1987, 1990).
The evidence from epidemiological case–control studies
also strongly implicates dietary acids in the development
of erosion (Lussi et al, 1991; Al Dlaigan et al, 2001a;
Dugmore and Rock, 2003). However, most studies
involve children who have less severe wear than adults
with around 2% of child studies reporting severe tooth
wear (Bartlett et al, 1998; Al Dlaigan et al, 2001b). In
these populations the most commonly reported areas
with wear are occlusal surfaces of molars and incisal
surfaces of incisors (Bartlett et al, 1998). As these
surfaces are also associated with attrition it can be
difficult to extrapolate what is being caused by erosion
from what is tooth wear. Al Dlaigan et al (2001a)
reported the use of a modified Smith and Knight index
to record the prevalence of dental erosion in 14-year-old
children. They reported 51% of the sample had mod-
erate erosion (dentine exposure) but eliminated from the
data the incisal edges of the upper and lower anterior
teeth because the cause of this wear was presumed to be
attrition. If attrition was acting on some teeth in those
children why could it not be active elsewhere in the
mouth? Also if over half of the sample have wear is this
a normal level?

There is little evidence to suggest the cause of
attrition. The role of occlusal interferences in the
progression of tooth wear has been generally disproved
whilst that of stress appears to be more possible. Most
of the work on attrition has been related to mandibular
dysfunction rather than the wear itself. There is no data
to indicate the prevalence of attrition in the community
whereas, that of erosion is a common finding in
literature searches.

Site and pattern of wear

Erosion is a surface phenomena unlike caries where the
effects are within the subsurface of enamel or dentine.
Acids cause surface demineralization of dental hard
tissues, primarily by dissolution of the apatite crystals.
The severity of the erosion will depend on concentration
of hydrogen ions (titratable acidity) and the frequency
and duration of acid exposure (Moazzez et al, 2000).
Acids attack enamel causing demineralization along the
enamel prisms. Meurman et al (1991) and Meurman and
Frank (1991) investigated enamel erosion by immersing
bovine and human enamel specimens in acids for
various times. The authors reported that erosion started

within the prism sheath area and then spreading to the
prism core, leaving the honey comb appearance of the
interprismatic areas when viewed microscopically. Even-
tually, the interprismatic areas also become affected.

Clinically, the erosive lesions develop on any tooth
surface where the acid contacts. Typically, this presents
on the buccal surfaces of the upper incisors, commonly
associated with dietary acids or the palatal surfaces of
upper incisors more frequently associated with regurgi-
tated stomach juice. The pattern of erosion might be
also influenced by salivary flow (Milosevic and Dawson,
1996), pellicle thickness (Duschner et al, 2000) or
gingival sulcular flow (Lussi et al, 2004). The latter
may be responsible for the preservation of a thin band of
palatal enamel along the gingival margins of worn upper
incisors (Lussi et al, 2004). Drinking habits are also
recognized as major factors in the development of the
severity and site of the erosion (Moazzez et al, 2000).

Early attrition begins on the occluding surfaces of
teeth and these facets develop on the cusps of molars
and the incisal edges of the incisors. As the attrition
develops the facets expand to involve larger areas of the
contacting surfaces. More extreme wear presents as a
generalized flattened occlusal surfaces. It is rare to see
erosion, attrition or abrasion occurring independently.
The combination of erosion, attrition and abrasion are
recognized to be more destructive than if they were
occurring independently (Davis and Winter, 1980). If
erosion, attrition and abrasion occur together the results
reported from laboratory studies, investigating erosion,
may not accurately reflect the clinical situation.

Laboratory studies and prevention of tooth
wear

The advantage of in vitro studies is to separate the
components of tooth wear and investigate them sepa-
rately. Most laboratory studies in recent years have
focused on erosion rather than attrition. Many erosive
studies have investigated the effects of fluoride (Bartlett
et al, 1994), tooth and chemical characteristics (Meur-
man et al, 1990; Larsen, 1991; Amaechi et al, 1999;
Larsen and Nyvad, 1999) and measurement (Amaechi
et al, 1998; Azzopardi et al, 2001, 2004). If erosion
occurs as a single event the potential for prevention of
enamel and dentine with fluoride (Bartlett et al, 1994),
dentine bonding agents (Azzopardi et al, 2001, 2004) or
fissure sealants may be possible.

Attin et al (2005) in their study published in this
edition present the results of a laboratory study inves-
tigating the effect of adding calcium and fluoride to
drinks to protect enamel from acids. Whilst the findings
of this study support the inclusion of these minerals
there is a need to remember that tooth wear clinically is
a combination of erosion, attrition and abrasion. The
results of this work are partly supported by laboratory
and in situ studies where a calcium enriched drink had
reportedly less erosive potential than standard drinks
(Hughes et al, 1999a,b;West et al, 1999). The in situ
study measured the amount of erosion on extracted
teeth using profilometers. The study design allowed the
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combination of abrasion and erosion to be assessed but
no allowance could be made for attrition or its combi-
nation with erosion. Whilst abrasion and erosion are
important it is the effect of attrition that is likely to be
more important in the progression of tooth wear in the
mouth.

If erosion occurs as a single event the potential for
fluoride enriching or remineralization of enamel or
dentine may be possible since the surface of the enamel
surface would remain intact. However, if a surface
protected with fluoride was immediately denuded by
abrasion or attrition the lesion would need to start
again. As tooth wear is multifactorial this eventuality is
more likely that any process occurring independently.

Although Attin’s study supported the hypothesis that
calcium and fluoride might be protective other studies
have concluded differently. Larsen and Nyvad (1999) in a
study on product variation of orange juice reported that
fluoride was unlikely to reduce dental erosion. The
addition of fluoride to enamel produces fluorhydroxy-
apatite which has a lower solubility than hydroxyapatite.
The authors suggested that the relatively strong acids
associated with erosion will overcome the effect of the
fluoride and result in demineralization (Lussi et al,
2004). Sorvari et al (1994) showed that a fluoride varnish
could offer some protection of enamel from acids
erosion. The authors observed a deposit or precipitation
upon the enamel surface which might offer protection
from further acid attack. But would the deposit with-
stand either abrasion or attrition? It seems unlikely.

Laboratory and an in situ investigations using dentine
bonding agents to protect teeth from erosion have
shown some promise (Azzopardi et al, 2001, 2004).
Whether these materials are sufficiently robust to
prevent tooth wear involving erosion, attrition and
abrasion is unknown.

Not only is prevention important but can enamel
and dentine remineralize after erosion? Certainly the
evidence from dental caries strongly implies that this
occurs (Edgar and O’Mullane, 1996). But with tooth
wear this is not so clear. If remineralization is feasible
the role of saliva would presumably become important.
There is evidence from laboratory studies that acid
softened enamel can reharden after exposure to
remineralizing solutions (Gedalia et al, 1991). Ganss
et al (2001) reported that reapplication technique of
fluoride on enamel and dentine reduced erosion. What
effect would fluoride have on erosion occurring with
abrasion and attrition? The main problem with inves-
tigating the effects of saliva on erosion is the variability
of the collection and measuring techniques. It is not
known if whole saliva is protective or whether resting
or stimulated saliva is more important. Milosevic and
Dawson (1996) reported that in vomiting and non-
vomiting bulimics the bicarbonate levels and salivary
viscosity were significantly different to a matched
control group. The findings of this study were also
supported by others working on bulimics (Rytomaa
et al, 1998). Gudmundsson et al (1995) found in their
study that the buffering capacity of saliva in 62
patients with erosion was statistically different to a

control group. Whereas, Bartlett et al (1998) found no
salivary differences between adolescents with or with-
out tooth wear. Nor did Meurman et al (1994) in a
study of 117 patients with erosion and reflux disease.
These differences might reflect the varying nature of
saliva or the varying nature of the methods used to
measure it. Or perhaps that saliva is not so important
in tooth wear as it is in caries because of the nature of
the process.

The only accepted method to prevent attrition is with
hard acrylic splints. Whilst there are not definitive
studies to prove the preventive affect it is likely that if a
patient wears an appliance separating their teeth the
lack of contact means reduced wear. The most import-
ant factor in the success of this prevention is the
compliance of the patient.

Conclusion

The data from child studies and adults suggest that early
tooth wear involving mild dentine exposure is common.
But severe wear of dentine is relatively uncommon.
There is tendency for research to concentrate upon
erosion in laboratory studies as it is easier to study
whereas it does not occur in isolation in the mouth.
Researchers need to be cautious in interpreting labor-
atory studies to the clinical situation. The role of
attrition needs more investigation as it is likely that
the clinical problem is a combination of erosion,
attrition and abrasion. Methods aimed to prevent the
wear should not ignore the role of attrition and
abrasion.
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