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Tooth wear has for long received much attention in an an-
thropological context. In contrast, the dental literature had
afforded it less attention—until about the mid-1990s, when
reports began appearing about the very high prevalence, in
children and in adolescents, of tooth wear, due in the main
to dental erosion. These findings appear to have triggered a
strong interest in the subject, and over the past 10 years ap-
proximately 1500 publications have appeared in the PubMed
database using the search terms “tooth erosion”, “tooth abra-
sion”, or “tooth attrition.” This represents a 50% increase over
the preceding decade in research covering the various areas of
the field. This special issue seeks to highlight some of the key
areas of current interest, including topics such as mecha-
nisms of wear, diagnosis, effects arising from systemic dis-
eases, and different aspects of the management of the worn
dentition.

The paper entitled “Dental erosion—from past to present,
and its growing importance in clinical practice” reviews the
increasingly important topic of dental erosion, with reference
to its prevalence, etiology, diagnosis, clinical characteristics,
influence of individual defense and lifestyle factors, and
an overview of management considerations. The paper en-
titled “New perspectives on tooth wear”, from a more fun-
damental standpoint, addresses the different types, causes,
sources and mechanisms of wear, and why worn teeth appear
the way they do. The paper entitled “Gastroesophageal reflux
disease and tooth erosion” describes the detrimental effect of
gastroesophageal reflux disease on the dental hard tissues,

focusing in particular on the frequently overlooked condi-
tion of “silent reflux” in the causation of tooth wear. The
paper entitled “Biologically-based restorative management of
tooth wear” emphasizes the need for a biological perspective
to be taken in the various approaches to managing tooth
wear. The paper entitled “Restoration of noncarious cervical
lesions: when, why, and how” addresses the different aspects
of the etiology of NCCLs and the particular challenges that
such defects present when they need restoring.

It is hoped that the contents of this special issue might
provide valuable insights, to the clinician and the researcher,
into the important topic of tooth wear.

Ridwaan Omar
Anders Johansson

Ann-Katrin Johansson
Gunnar E. Carlsson
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Some of the efforts that have been made to document tooth wear are reviewed here with an emphasis on nonhuman mammals,
literature with which dentists may not be very familiar. We project a change in research strategy from the description of wear
at various scales of measurement towards investigation of the mechanical mechanisms that actually create the texture of a worn
surface. These studies should reveal exactly how tooth tissue is lost and what aspects of the structure of dental tissues affect this. The
most important aspects of the interaction between the tooth surface and wear particles would appear to be particle size, particle
shape, their mechanical properties with respect to those of tooth tissues, and the influence of saliva.

1. Introduction

The teeth of humans are used several thousand times a day
[1], a figure that is probably an order of magnitude lower
than in our nearest primate relatives [2]. This newly discov-
ered discrepancy has been attributed to the effects of cooking
food [3], which reduces the importance of food breakdown
in the mouth [4]. Even so, humans make millions of poten-
tially damaging mechanical contacts in a lifetime, and there
are no current solutions to the engineering of any material
that could compare to the exceptional damage tolerance of
human dental enamel [5, 6].

Damage to teeth via contact with either ingested foods,
extraneous particles ingested with them, or opposing teeth
takes place at various scales. The largest events can lead to
catastrophic fractures of the tooth crown or roots, fragment-
ing them [7]. The mechanisms that produce at least some
types of crown fracture are now beginning to be elucidated
and show that preexisting cracks in enamel are often impli-
cated [8, 9]. An exception is seen in millimetre-scale enamel
chipping, where it is clear that no preexisting flaws are in-
volved [10]. However, a much more common result than
these events is crown wear, which is the loss of volume
caused by the accumulated loss of microscopic amounts of
hard tissue over an extended time period. Such tooth wear is
an enormously important aspect of oral biology, of interest

to many researchers on vertebrates. However, this range of
research interest has resulted in knowledge being spread
across a wide range of journals. Little of this comparative
interest is apparent in the dental literature. While, for the
most part, wear studies in nonhumans present wear as a
mechanical process [11, 12], the accepted view in dentistry
seems to be that chemical dissolution is always involved
[13–16]. Despite this discrepancy, the final removal of tooth
tissue even in modern humans nearly always involves a force,
leading to the need for a mechanical analysis, albeit one
that needs suitable adjustment for the relevant mechanical
properties of the tissue at the instant of removal [17].

The first aim of this paper is to make a brief survey of
what has been established in wear studies in various organ-
isms and to indicate how this information has been used.
Secondly, our intention is to suggest how future studies at
nanoscale could establish the actual mechanisms of dental
hard tissue removal and what questions could be asked. Since
most work has been reported on enamel rather than dentine,
we restrict our focus here to this tissue.

2. Types of Wear Studies

The best method of reviewing the literature seems a classifi-
cation of method based on scale of observation. Macrowear



2 International Journal of Dentistry

is the surface texture visible on a tooth either with the naked
eye or low-power light microscopy. With the use of oblique
lighting, shiny-surfaced facets can be distinguished easily
from more matte areas on lightly-worn teeth. About 60 years
ago, it was established that these patches of wear establish
themselves in fairly fixed locations and that the direction of
scratches on the shiny facets, evident even if they cannot be
individually resolved, could be used to determine how the
jaws moved into and out of occlusion [18]. A numbering
system for the wear facets on the molars of early mammals
was developed [19], which was later expanded to other lin-
eages including the primates [20, 21]. Little has been done
since on the evolution of wear in this sense. However, rather
than being outdated, macrowear research shows signs of
being reinvigorated in several ways. For example, accurate
three-dimensional mapping of these facets has been used to
reconstruct the jaw movements in prehistoric humans, cou-
pling this to collision detection software to indicate exactly
which parts of opposing teeth would have been in contact at
any point in time [22]. The results show how the patterns
of stress in dental tissues are influenced by the varying
direction of the bite force. In addition, macroscopic patterns
of postcanine tooth wear have recently been examined with
respect to the biological fitness of individual animals [23–
29]. Primates that have heavily worn molar crowns consisting
only of dentine surrounded by an enamel ridge appear to
have very compromised health.

Microwear studies were a later development, utilizing the
scanning electron microscope (SEM) to observe selected fa-
cets of worn teeth at much higher magnifications [30]. Indi-
vidual features of the worn surface, such as roughly isodia-
metric pits and elongated scratches, could be distinguished.
Microwear has become an extremely important method of
determining the diet of fossil vertebrates, particularly when
the morphology of the teeth seemed to be of little help in
dietary assessment. A glimpse at microwear analysis across
vertebrates demonstrates its achievements in a wide variety
of contexts. As an example far from modern humans in ev-
olutionary distance, microwear has shown that some of the
earliest jawless vertebrates, called conodonts, used their teeth
for breaking down large prey items [31]. In our lineage,
much of the evidence for what fossil members of our genus
were eating comes from dental microwear [32]. However,
microwear does not just inform us about food intake. Some
fossil primates almost certainly used their procumbent lower
front teeth for grooming activities, just as some living pri-
mates do. Hair marks between the incisors are clearly evident
in both living and fossil groups [33]. Some fossil giraffes,
despite their long necks being associated with browsing on
the crowns of trees, probably ate grass [34]. Some fossil
horses probably did not, despite the fact that they had tall
(hypsodont) molar crowns that would seem redundant when
eating tree leaves [35]. The discrepancy between the gross
anatomy of the dentitions of these ungulates and the microw-
ear evidence of what these ungulates actually seemed to be
eating has led to the need for a reexamination of the long-
held view that hypsodonty evolved in response to grazing
[36]. Despite these successes, the quantification of microw-
ear patterns has proved difficult because SEM provides a

two-dimensional view of the surface that is influenced by the
direction at which it is viewed. Considerable recent efforts
have been made to make microwear analysis more objective
by using white-light confocal microscopy to characterize
the three-dimensional texture of the worn surface rather
than concentrating on individual features such as pits and
scratches [37, 38].

Mesowear has been an even more recent research devel-
opment involving light microscopy. It is addressed not to
the individual features of worn surfaces, but to their overall
roughness and to the curvature of the edges of facets [39, 40].
One of its major aims is to establish whether food or teeth
were responsible for the major part of the wear. It would
appear that browsers, for example, are significantly different
from grazers in this respect [40].

3. Causes of Wear

All the above approaches are essentially observational tech-
niques for describing the appearance of worn surfaces. While
some experiments have been run to try to determine the
causes of particular wear patterns [41–44], the results have
been disputed and none have been aimed at demonstrating
exactly how tooth material is lost. More broadly, one of the
major reasons why research on wear, as a branch of tribo-
logy, appears to have been impeded is that the mechanisms
that produce it are often unclear. Wear is an accumulation
of complex events that can include the combined effects of
lubrication, friction, adhesion, and fracture. Practical wear
studies often involve a stereotyped kind of apparatus such as
a pin on a disk, for which standards are available, but which
lack fundamental aims. In vitro studies on dental wear have
sometimes been very sophisticated. For example, occluding
pairs of teeth have been mounted in a universal testing ma-
chine, modified to move as does the jaw with a horizontal,
not just a vertical, component of motion [45, 46]. This rep-
resents a considerable technical achievement in mimicry but
does not help necessarily in defining underlying mecha-
nisms.

One way out of such scenarios is to concentrate on the
characteristics of individual events. This requires experi-
mentation at the level of nanotechnology. Nanoindentation
equipment has only recently started to be used in the equiva-
lent of wear studies. This has provided evidence that enamel
tissue is lost far more easily with a sharp contact than a blunt
one [47]; that there seems to be a brittle-ductile transition
involved in enamel behaviour controlled by force level [48],
and that wetting of the tooth surface improves abrasion
resistance [49]. However, all these studies have used diamond
tips to abrade the enamel rather than the type of mechanical
insult to which tooth surfaces are subjected in life. We thus
move now to consider what particles could cause damage
to dental tissues and in what way such damage might differ
from that produced with diamond.

4. Potential Sources of Wear

At the level of individual events, mechanical wear can be
viewed as a type of indentation involving extensive plasticity.
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Figure 1: Material property maps (redrawn from [50]). (a) Shows the domains of common types of solids compared to dentine and enamel.
Enamel is more like a ceramic in its properties than dentine. Maps (b)–(d) show the effect of different loading regimes on the behaviour of
these dental tissues. Under tension (b), enamel is very likely to break in a brittle manner. Under static indentation (c), the highly compressive
stresses during pit formation produce a more plastic response, but sliding (d) enhances tension greatly. It can be concluded that enamel is
more likely to lose material via a scratch than a pit.
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A static indentation may produce a pit, while the addition
of some translational motion is liable to lead to a scratch
[50]. The major material properties of solids that influence
the type of damage that they can inflict on each other are
their hardness or yield strength (material resistance to plastic
deformation), elastic modulus (material resistance to elastic
deformation), and fracture toughness (resistance to crack
growth). Hardness is more commonly used than the yield
stress in studies, but hardness is strictly a measurement while
yield stress is a property. For most geometries of contact,
the hardness is about three times the yield stress, but this
multiple is not fixed [51]. A basic requirement is that any
particle that could endanger dental tissues has to be hard
enough to indent the other. A rigid particle in this context
is one with a hardness more than 2.5 times that of enamel
[51]. Even a particle that is just 1.1 times as hard as enamel
would be capable of indenting it, but it would also change
shape permanently itself. This situation is called mutual
indentation and affects calculations of the force involved in
producing a mark of any given size [52]. Table 1 indicates
the types of particle that have been suggested as wear agents
in the vertebrate literature. All lie in the mutual indentation
range with respect to enamel. The most obvious cause of
wear is the quartz dust found in many natural environ-
ments at various particle sizes [53]. However, phytoliths,
the amorphous silica particles found particularly in grasses,
are also potential wear agents (Table 1). Less likely candidates
as indentation agents are seed shells, against which enamel is
effectively rigid.

5. Mechanisms of Wear

With the exception of quartz dust, there has been consider-
able dispute about what kind of particles can wear enamel.
For example, phytoliths are thought to be important wear
agents by some [54], but not by others [55]. Seed eating has
been assumed to be the cause of pitting [37], but this is dif-
ficult to understand on the basis of Table 1. In addition there
is the issue that tooth tissues wear each other. The only
way to resolve these issues would be to initiate wear studies
at the appropriate experimental level. This is now feasible
via nanoindentation equipment and atomic force microsco-
py. Such nanowear experiments could focus on individual
events, which would erase any doubt as to the nature of the
interactions involved.

Prior to making such experiments though, it is reasona-
ble to consider what questions could be asked. These ques-
tions could contain the kernels of hypotheses to be tested
by nanowear experiments. We offer two examples here with
potential answers.

(1) Why Are Wear Marks So Small? It might be thought that
this is because smaller contacts involve lower forces, so that
small marks would be predominant. The problem with this
answer though is that a tooth surface usually shows almost no
large marks at all. This was why it took an SEM to visualize
actual wear features. A more likely response concerns the
well-known brittle-ductile transition, which is known to alter

Table 1: Mechanical properties of some materials that might dam-
age enamel.

Particle type Hardness (GPa) Elastic modulus (GPa) Reference

Quartz grit 7–7.75 Not known [54]

Plant phytoliths
5.8–6

0.5–2.1 GPa
Not known

[54]
[55]

Seed shells 0.1–0.4 2–7 [56]

Dental enamel 2–6 50–100 [57]

the behaviour of small particles [5, 58]. There is some evi-
dence already of such a transition in enamel behaviour [48].

(2) Why Do Numbers of Pits and Scratches Often not Match? It
was noticed from the earliest microwear studies that scratch-
es tend to outnumber pits in most mammals. Jaw movements
have been invoked to explain this. For example, in chim-
panzees, the third molars, which probably make less of a lat-
eral excursion across each other than more anterior molars,
have a higher percentage of pits on their surfaces [59]. How-
ever, such considerations do not seem to be sufficient. Rather
it would appear that it is likely that scratches form more easily
than pits. Some evidence of this comes from considering the
mechanics of scratching versus pitting. Figure 1 is redrawn
from Sharp et al. [50] to show the differential propensity of
materials to be either scratched (sliding indentation) or
pitted (static indentation). The axes of these graphs show the
important material properties that influence whether a ma-
terial will behave either elastically, plastically, or fracture.
Figure 1(a) simply shows how enamel and dentine match up
to other materials. Unsurprisingly, enamel is similar to ce-
ramics like glass, while dentine is akin to some polymers.
Figure 1(b) indicates how these materials behave under ten-
sion via a subdivision of the map into elastic, plastic, and
brittle spaces based on simple equations for tensile behav-
iour. Again, enamel is brittle, which corresponds with data
from tensile tests [1]. However, in Figure 1(c), under the
highly compressive stress regime of static indentation, enam-
el is much less likely to break, showing some plasticity. This
is again consistent with data from nanoindentation studies; if
the load is small enough, enamel does indeed yield without
cracking under static loads. However, when an indenter is
slid across a surface to form a scratch, the tensile field behind
the indenter is greater and enamel is much more likely to
crack (and thus lose tissue) than under a pit. The big differ-
ence here is the inclusion of friction in equations for sliding.
The frictional coefficient in Figure 1(d) is assumed to be 0.5.
Whether such speculations really apply to enamel in “sin-
gle event,” experiments becomes an important prediction.
The time to test such predictions seems to be here.
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Since the mid-1990s, the focus of studies on tooth wear has steadily shifted from the general condition towards the more specific
area of dental erosion; equally, a shift has occurred from studies in adults to those in children and adolescents. During this time,
understanding of the condition has increased greatly. This paper attempts to provide a critical overview of the development of
this body of knowledge, from earlier perceptions to the present. It is accepted that dental erosion has a multifactorial background,
in which individual and lifestyle factors have great significance. Notwithstanding methodological differences across studies, data
from many countries confirm that dental erosion is common in children and young people, and that, when present, it progresses
rapidly. That the condition, and its ramifications, warrants serious consideration in clinical dentistry, is clear. It is important for the
oral healthcare team to be able to recognize its early signs and symptoms and to understand its pathogenesis. Preventive strategies
are essential ingredients in the management of patients with dental erosion. When necessary, treatment aimed at correcting or
improving its effects might best be of a minimally invasive nature. Still, there remains a need for further research to forge better
understanding of the subject.

1. Introduction

Interest in dental erosion and its role in tooth wear increased
considerably since the mid-1990s. Early studies on tooth
wear in humans were, in the main, based on teeth from
archeologically obtained skulls. In later studies, contempo-
rary adult populations were examined, but in neither the
early nor the later periods of study, erosion was rarely, if
ever, mentioned as a possible etiological factor [1] (Figure 1).
The definition and diagnosis of dental erosion have not been
agreed upon among researchers and clinicians, which can
explain some of the confusion and perhaps the earlier lack of
interest in the subject [2]. The diet of our ancestors was often
tough and contained coarse particles, which required heavy
chewing. The resulting wear facets were further influenced
by the abrasive components of the food. Modern diets
would appear to lack such abrasives but can contain acids,
which can demineralize enamel and potentiate attrition and

abrasion. Nevertheless, there are findings supporting the
existence of dental erosion even in medieval populations
[3, 4].

Although the terms attrition, erosion, and abrasion are
the commonly accepted nomenclature used in dentistry to
characterize tooth wear, the terms do not explain the wear
process. Neither do they imply causation, instead describing
clinical outcomes of a number of underlying events. In
this regard, the science of tribology may more accurately
characterize the process of tooth wear. There are several
tribological mechanisms, although the mechanisms that
apply in tooth wear may be explained in terms of two-
body abrasion (typically attrition) or three-body abrasion
interacting with an acidic or abrasive fluid/slurry (typically
erosion and abrasion) [5].

The earliest form of tooth wear was found mainly on
occlusal, incisal and proximal surfaces, whereas modern
erosive tooth wear has additional characteristics that include
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Figure 1: Extensive tooth wear of maxillary teeth in a medieval
man estimated to be 35 to 45 years old. The loss of the first right
molar was most likely caused by wear penetrating into the pulp
subsequently leading to an inflammatory process in the periapical
jawbone [6].

the buccal and palatal/lingual surfaces. Tooth wear in arche-
ological material was, from an anthropological point of view,
considered pathologic only if the function of the tooth was
lost [7]. This may be one reason why dental erosion may
have been overlooked as a possible cause in studies of tooth
wear in those populations even though its morphological
features sometimes have similarities with what we see today
(Figure 2).

A further change in emphasis regarding the subject oc-
curred in the mid-1990s: studies on tooth wear shifted from
that of adult wear to wear in children and adolescents, as
well as from “general tooth wear,” that is, attrition and
abrasion, to giving greater attention to the significance of
etiological factors resulting in erosive tooth wear or dental
erosion. Recent studies from a large number of countries
all over the world have confirmed that the prevalence of
erosive wear, especially among children and adolescents, is
high (Table 1). Besides this, some longitudinal studies show
that the occurrence of erosion is increasing and that erosive
lesions that are already present progress rapidly [8–10]. Even
if the prevalence rates vary substantially, it is evident that
dental erosion is a common finding in populations from all
over the world, especially among children and adolescents
(Table 1). During the past few years, definitions of diagnosis
and grading of the erosive lesions have been highlighted,
and it is to be hoped that such moves towards greater
standardization may lead to greater concordance between
studies conducted and the methods used. As a result of these
findings, dental erosion deserves serious consideration in
clinical dentistry today. Despite the common finding of an
increase of tooth wear, especially in the younger population
during the last decade, the number of publications in
PubMed dealing with, for example, dental caries, surpasses
studies on dental erosion by a factor of over 20: over the
past 10 years, obtaining 335 hits for dental erosion; 8750 for
dental caries.

This paper is not a systematic review, which would have
needed a more focused aim than is presently the case. It was

Figure 2: Severe tooth wear on the mandibular first molars in an
approximately 20-year-old individual from the 16th century (third
molars are impacted). Looking carefully, NCCLs can be seen indi-
cating either abrasive or erosive influences, which, in combination
with the wear seen on the first molars, resembles the pattern seen in
modern erosive wear [11].

also obvious from the literature review conducted that very
few papers would have fulfilled the requirements of highest-
ranking evidence, according to the hierarchy of evidence-
based medicine, that is, randomized controlled trials (RCTs)
and/or systematic reviews of RCTs. Given that, many of
the selected articles present valuable findings that add to
the body of knowledge on dental erosion. It is, therefore,
the purpose of this paper to give an overview of current
knowledge of dental erosion, based on a scrutiny of the li-
terature.

2. Etiology of Dental Erosion

The etiology of dental erosion is conventionally divided into
“extrinsic” and “intrinsic” factors [34]. Any of the acidic
products that we put into the mouth, that is, what we eat and
drink, and also what has been termed occupational-related
erosion, often caused by airborne acid that reaches the teeth,
for example, in workers in certain industries, or people who
are wine taster [35–40], are considered “extrinsic” factors.
There has been a considerable increase in the intake of soft
drinks in recent decades, and these often are high in acidic
content [41]. It is clear that, in children and adolescents
today, the dominant causative factor for erosion is soft drinks
[25, 42–44] (Figures 3 and 4).

The “intrinsic” factors include various diseases and
habits, which lead to an influx of acidic stomach content into
the oral cavity and, so, influencing and/or affecting the teeth.
In these cases, for example in patients suffering from eating
disorders and gastroesophageal reflux disease (GERD), vom-
iting and regurgitation, there is an increased risk for erosion
[45–49] (Figures 5 and 6). A comprehensive review of GERD
appears in this Special Issue [50]. Rumination is a special
form of gastric disease which is believed to affect mainly
intellectually disabled patients, although its occurrence in the
normal population may have been underestimated [51]. The
condition involves GERD in combination with voluntary or
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Table 1: Prevalence of dental erosion, according to studies from different countries. Prevalences, as listed, refer to erosion that reaches to the
dentin or deeper.

Country Age (yr) No. of individuals Prevalence (%) Author(s) and publication yr

Children

United Kingdom 4-5 178 30 Millward et al. 1994 [15]

United Kingdom 5 >1000 24 Downer 1995 [16]

United Kingdom 1.5–4.5 1658 8 Moynihan and Holt 1996 [17]

Saudi Arabia 5-6 354 34 Al-Majed et al. 2002 [18]

Ireland 5 202 21 Harding et al. 2003 [19]

India 5-6 100 30 Deshpande and Hugar 2004 [20]

China 3–5 1949 1 Luo et al. 2005 [21]

Germany 2–7 463 13 Wiegand et al. 2006 [22]

Sweden 5-6 135 13 Hasselkvist et al. 2010 [23]

Adolescents

United Kingdom 14 1035 30 Milosevic et al. 1994 [24]

United Kingdom 15 >1000 2 Downer 1995 [16]

Saudi Arabia 20 95 16 Johansson et al. 1996 [25]

Cuba 12 1010 17 Kunzel et al. 2000 [26]

Saudi Arabia 12–14 862 26 Al-Majed et al. 2002 [18]

Iceland 15 278 6 Arnadóttir et al. 2003 [27]

United Kingdom 14 1308 13 Dugmore and Rock 2003 [9]

United Kingdom 14 2351 53 Bardsley et al. 2004 [28]

Turkey 11 153 28 Caglar et al. 2005 [29]

Brazil 12 389 2 Correr et al. 2009 [30]

Netherlands 15 622 24 El Aidi et al. 2010 [10]

Iceland 12 757 1 Arnadottir et al. 2010 [31]

Iceland 15 750 6 Arnadottir et al. 2010 [31]

Sweden 13-14 227 12 Hasselkvist et al. 2010 [23]

Sweden 18-19 247 22 Hasselkvist et al. 2010 [23]

Adults

Switzerland 26–30 197 11 Lussi et al. 1991 [32]

Switzerland 46–50 194 19 Lussi et al. 1991[32]

United Kingdom 22 1010 77 Daly et al. 2011 [33]

(a) (b)

Figure 3: (a) A 6-year-old boy with dental erosion associated with a high intake of soft drinks and juice. Note the “melted” appearance of
the buccal surfaces on teeth nos. 51–61. (b) Palatally on the maxillary front teeth the pulp is visible through the remaining tooth substance.
Published with permission from the Swedish Dental Journal [2].

involuntary regurgitation of swallowed solid food which is
then rechewed and reswallowed; the erosive damage might
well be severe (Figure 7).

A large number of diseases and syndromes are associated
with dental erosion. While the background to this can be that

both “extrinsic” and “intrinsic” factors are at play, the net
effect may be that acid reaches the tooth surface while there is
also present a deterioration in the quantity/quality of saliva,
a reduction of oro-motor function, various medications, or
mouth breathing. Examples of these, in addition to GERD
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(a)

(b)

Figure 4: A 12-year-old boy who has a high intake of cola. (a)
Note the severe damage with shoulder formations palatally on
maxillary front teeth. (b) First molars also exhibit pronounced wear.
Published with permission from the Journal of the Swedish Dental
Association (Tandläkartidningen) [12].

(a) (b)

Figure 5: A 40-year-old woman who had suffered from Bulimia
Nervosa since she was a teenager. Frequent vomiting followed
by intense and meticulous toothbrushing in combination with a
high intake of light cola-type soft drinks have resulted in severe
erosive tooth wear. A number of “raised” amalgam fillings have
developed resulting in an unstable occlusion. At the time that these
photographs were taken, she had for a long time been free of her
eating disorder but suffers a lot from tooth sensitivity [11].

and eating disorders, are diabetes, high blood pressure,
cerebral palsy, salivary gland agenesis, Sjögren’s and Down
syndromes, and drug abuse, such as alcohol and ecstasy, but
not excluding the caffeine-dependence that cola drinks can
induce [52–55].

One consequence of the modern lifestyle and the various
lifestyle-related diseases of today is that the dentition is more
frequently than earlier times, exposed to acidic challenges
and the consequent increased risk for dental erosion [56].

Figure 6: A 40-year-old woman with inoperable hiatus hernia, and
despite long-term antireflux medication developed severe damage
on her posterior teeth. Note the relatively intact amalgam fillings
“raised” above the eroded occlusal surfaces [11].

Figure 7: Very severe erosive damage in an intellectually disabled
17-year-old boy with a habit of frequent rumination. In addition to
rumination he also suffers from GERD [11].

This somewhat sudden change in lifestyle, resulting in more
acidic challenges for the dentition than earlier, can be
compared with the lifestyle change following the 2nd World
War that caused a large increase in sugar consumption,
which was associated with the subsequent increase in the
incidence of dental caries [34]. Although knowledge about
dental erosion has improved in recent years, there is an
urgent need for further research in order to better and more
fundamentally understand its occurrence.

3. Clinical Characteristics of Dental Erosion

Dental erosion is defined as “loss of dental hard tissue by
a chemical process that does not involve the influence of
bacteria” [57]. It occurs as a result of acidic attacks during
simultaneous unsaturation of both hydroxyl- and fluor-
apatite in saliva, causing loss of dental hard tissue, layer by
layer [58]. Early enamel erosion causes no clinical discol-
oration or softening of the tooth surface and is, therefore, in
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(a)

(b)

Figure 8: A 13-year-old girl who has a high intake of soft drinks.
(a) Buccal erosion and crown shortening of the maxillary front
teeth. Note the typical “inverted V-sign” often seen in cases of soft-
drink-induced dental erosion. Mandibular incisors are relatively
intact. (b) Severe erosive damage, with shoulder formation on
the palatal surfaces of maxillary anterior teeth. Published with
permission from the Journal of the Swedish Dental Association
(Tandläkartidningen) [12].

the clinical situation, difficult to detect both visually and/or
by tactile examination. In addition, any patient symptoms,
in these early stages, are often absent or very limited. More
pronounced changes in macromorphology occur when the
erosive damage is more severe. The condition will then be
easier to recognize and more likely to present symptoms [2]
as well as affecting the oral health-related quality of life of
patients [33].

Earlier it was stated that an eroded surface always gave
the impression of being a matt surface [59]. It was also stated
that dental erosion only could be diagnosed on teeth that had
no opposing occlusal contacts [60]. Today it is understood
that the surface appearance of an erosive lesion is either blank
or matt and that erosion can be diagnosed even if the tooth
surfaces have opposing occluding contacts. The erosive lesion
can be uneven and produce small concavities. Most often,
however, the surface is slightly rounded or flat and sometimes
it gives the impression of having “melted” [25] (Figure 3(b)).

In today’s populations, dental erosion occurs on all
tooth surfaces but is common palatally on maxillary anterior
teeth and on occlusal surfaces of lower first molars [25,
61]. Proximal erosive lesions are difficult to diagnose but
are probably rare, whereas a cervical shoulder formation
(Figures 4(a) and 8(b)), as well as the reversed V-sign
incisally on maxillary central incisors are more common
(Figure 8(a)). “Cupping” is a concavity in the enamel, usually

on a cusp tip, with or without dentinal involvement, is a
common sign of dental erosion, and in posterior teeth they
are usually located on first molars especially in the lower
jaw (Figure 9). Cuppings are strongly correlated with dental
erosion and should be carefully looked for as it has been
stated that they can be regarded as an indicator of the onset
of erosion [62]. In advanced cases of erosion, the pulp can
be visible through the remaining tooth substance. This is
especially the case in the maxillary central incisors in the
primary dentition but can also be seen in the permanent
dentition (Figures 3 and 10).

On the basis of archeological data, populations from
the past experienced endodontic complications that were
mostly related to tooth wear, whereas today they are most
often related to dental caries [63]. While progression of the
wear observed in skull materials was considered as “linear,”
indeed even allowing age determination [64], the wear in
contemporary populations may progress as a combination
of “linear” deterioration, but also superimposed “bursts,”
possibly coinciding with the presence of certain lifestyle
factors or lifetime events [65]. Since episodic wear does
not preclude the occurrence of a more slowly progressing
“background” wear of the occlusal surfaces, it adds a further
dimension to the phenomenon of wear [1], and, most
importantly, to its management. It will be evident that the
loss of tooth substance brought about by dental erosion may
at some stage present dissatisfaction for patients; it is to be
hoped that at an early enough stage the attending dentist
will have identified the matter, informed the patient and
implemented an initial preventive strategy. However, actual
complaints from the patient are more likely in the later
stages, resulting in aesthetic, orthodontic, and functional
complications and/or be associated with sensitivity and
pain [66], most of which will require the consideration of
restorative and other interventions.

4. Other Types of Tooth Wear and Their Relation
to Dental Erosion

Tooth wear has a multifactorial etiology and is usually a result
of more than a single mechanism [67]. In addition to erosion,
other types of wear can occur in parallel. This includes, for
example, attrition (tooth wear caused by contact between
occlusal/incisal surfaces) and abrasion (tooth wear caused by
a foreign body such as a toothbrush, or biting on a hairpin or
pencil).

It is well recognized that enamel recently softened by acid
will/may/can wear easier by concurrent mechanical impact,
compared to enamel that was not so softened [68]. Today,
there is evidence that a key element in a severely worn
dentition is erosion, and that attrition and abrasion are of
lesser importance [1, 69–71].

There is no strong support for the (previously) common
belief that bruxism is the main cause of tooth wear. It
has been shown that in individuals with tooth wear and
simultaneous bruxism, erosion, and not attrition (bruxism)
is the dominant etiological factor related to the loss of tooth
substance [72]. Whether bruxism is a causative factor in
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(a) (b) (c)

Figure 9: Examples of “cupping” of different severities in 3 individuals. (a) Cuppings of lesser extent on 36 mesiobuccal cusp in a 20-
year-old man who has high intake of cola drinks. (b) Cuppings on 36 in a 22-year-old man with congenital agenesis of salivary glands. (c)
Fused cuppings on teeth nos. 84 and 85 in a 5-year-old boy. Published with permission from the Journal of the Swedish Dental Association
(Tandläkartidningen) [12].

(a)

(b)

Figure 10: Erosion in the primary dentition in a 6-year-old girl who
has high intake of juice, fruit drink, cola, and fruit. (a) Shortening
of the crown height on teeth nos. 51–61 as a consequence of
dental erosion. (b) Note that the pulp is visible through the
remaining tooth substance of teeth nos. 51–61 palatally. Published
with permission from the Swedish Dental Journal [2].

tooth wear is still not fully understood, but it is fair to
state that it’s role has probably been overestimated [73]. If
strict diagnostic assessment of bruxism is carried out (e.g.,
polysomnography), no clear conclusions can be drawn about
the role of either bruxism in tooth wear or in relation to

failing restorations [73, 74]. In addition, it is feasible, even
likely, that the tongue can influence the loss of tooth surface
by abrasive action on teeth, following their “softening” by an
acid attack. Whether the tongue might also act as a reservoir
for acid after an acidic challenge has been discussed. This
may not be the case after intake of an acidic drink since the
pH on the tongue surface recovers very quickly after drinking
[66].

4.1. Noncarious Cervical Lesions. Noncarious cervical lesions
(NCCLs) are by tradition often considered equivalent to
toothbrush abrasion. However, research has shown that the
cause of these injuries cannot be blamed on intense or
improper brushing techniques alone, as they may occur
subgingivally, in individuals who seldom brush their teeth,
in archeologically recovered material (clearly before the
toothbrush era), and even in animals [25, 75–80].

Definitions of the various forms of NCCL are often
imprecise which may be one explanation for the wide range
of prevalences reported. Three types can be easily observed
and/or be discernible, namely, a shallow cervical lesion, a
grooved cervical lesion, and a wedge-shaped cervical lesion
[56]. The most common NCCL is the shallow cervical
erosion. NCCLs appear to develop with age from a shallow
lesion into the other types mentioned, with wedge-shaped
lesions being most prevalent in older adults. NCCLs are
common on the facial and buccal surfaces of the maxillary
anterior and premolar teeth and the mandibular premolar
teeth. [56].

Significant correlations have been found between NCCLs
and the presence of occlusal erosive lesions as well as
occlusal attrition [2, 81]. Wedge-shaped NCCLs have been
called abfractions, assumed to be caused by heavy stress on
the teeth (namely, due to heavy chewing or bruxism), or
in combination with an acidic challenge which will result
in strain microfractures along the buccal cemento-enamel
junction, making the area more prone to substance loss



International Journal of Dentistry 7

Table 2: Ordinal scale used for grading severity of dental erosion on buccal and lingual surfaces of maxillary anterior teeth [25].

Grade Criteria

0 No visible changes, developmental structures remain, macromorphology intact.

1 Smoothened enamel, developmental structures have totally or partially vanished. Enamel surface is shiny, matt, irregular,
“melted,” rounded or flat, and macromorphology generally intact.

2 Enamel surface as described in grade 1. Macromorphology clearly changed, facetting or concavity formation within the enamel,
no dentinal exposure.

3 Enamel surface as described in grades 1 and 2. Macromorphology greatly changed (close to dentinal exposure of large surfaces) or
dentin surface exposed by ≤1/3.

4 Enamel surface as described in grades 1, 2 and 3. Dentin surface exposed by >1/3 or pulp visible through the dentin.

Note: approximal erosion, presence of “shoulder” and “cuppings” should be recorded.

when stressed [76, 82, 83]. On the other hand, wedge-
shaped cervical lesions have also been identified on teeth
without occlusal contacts. The theory has, not surprisingly,
received criticism due to lack of robustness of the evidence
[84].

A review concluded that toothbrushing, with or without
toothpaste, only minimally contributes to the development
of wear of enamel, whereas toothbrushing in combination
with an acidic diet may be linked to dentin wear and
hypersensitivity [85]. It is likely that NCCLs not only have
a multifactorial aetiology, including many factors besides
toothbrushing [86], but also that toothbrushing in the
presence of acid may contribute to a more rapid development
of NCCLs [85, 87]. As there is near consensus today that
the most important etiological factor for NCCLs is erosion,
preventive measures to reduce acidic challenges on the teeth
is essential in managing patients with NCCLs.

5. Diagnosis and Grading of
Dental Erosion in the Clinic

For the purposes of appropriate clinical decision making, it
is necessary to quantify the severity of erosion at a certain
point of time, as well as the progression of erosion during
a specific time interval. Different techniques are available,
ranging from sophisticated optical or laser scanning methods
to relatively simple ordinal scales [88]. The latter scales
are mostly designed for epidemiological studies, but can
be appropriately adapted for clinical use. Examples of such
scales are shown in Tables 2 [25] and 3 [1]. More recently,
digital scanning systems, now on the market, may offer great
opportunities as scanning can be performed intraorally, on
study casts and impressions. Software is now available which
allows superimposition of scanned images from different
occasions in order to assess the amount and rate of tooth
substance loss.

Different scales have been used in different systems for
clinical examination and diagnosis of dental erosion. The
systems have different approaches to score surface loss in
enamel and dentin. There is no consensus whether dentin
exposure is an adequate measure of the severity of erosive
damage, given that the existence of dentinal exposure is in
itself very difficult to diagnose clinically [89].

Table 3: Ordinal scale used for grading cuppings on occlusal
surfaces of first permanent molars and primary molars [23].

Grade Criteria

0 No cupping/intact cusp tip

1 Rounded cusp tip

2 Cupping ≤ 1 mm

3 Cupping > 1 mm

4 Fused cuppings: at least two cuppings are fused together
on the same tooth

Approaches to diagnosis and recording are/have been
based upon cervical, bucco-palatal, or inciso-occlusal sur-
faces, and full mouth/partial mouth or combinations thereof.
In addition, selection criteria, sampling technique, and
age composition have varied. Data obtained from different
studies are, therefore, often difficult to compare, which leaves
the epidemiological basis for the occurrence of dental erosion
uncertain [90]. Both full mouth recording, involving grading
of all teeth, and partial recording, involving only specific
marker teeth, may be used. Generally, full mouth recording
is more time consuming for both dentist and patient and
is more feasible for research than for routine clinical use.
The marker teeth to be used for clinical recording should be
ones that are commonly affected by erosion as well as having
easily detectable clinical features (when erosion is present).
In this regard, a simplified erosion partial recording system
(SEPRS) has been developed, namely, using maxillary central
incisors palatally and cuppings on lower first molars in the
permanent dentition (total 4 surfaces) and maxillary central
incisors palatally and cuppings on all four molars in the
primary dentition (total 6 surfaces) (scoring by using Tables
2 and 3). By using this system, specificity and sensitivity
close to 100% were obtained in relation to scoring of all
maxillary canines/incisors and first permanent/all primary
molars [23].

6. Prevalence of Dental Erosion

Cross-sectional population studies of dental erosion have
reported a varying prevalence (Table 1). The interpretation
of early studies was that the presence of erosion was
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increasing among children and the youth, but this was with
some reservation as comparative/longitudinal studies did not
exist. That the most severe damage found was on the palatal
surfaces of maxillary anterior teeth caused some confusion
since the focus had previously been on occlusal and incisal
wear. Today, it has been confirmed in many countries, that
dental erosion, particularly palatal damage of the upper front
teeth, are common among children and young people.

Recent longitudinal studies in children and adolescents
are of special value given the limitations of noncomparability
of earlier studies. A longitudinal study from Germany
showed an increase in erosive damage in children between
1977–87 and 1990–99. The number of lesions nearly doubled
during this period of time; erosion into dentin on at least
one primary tooth increased from 18 to 32%, and on the first
mandibular molars from 4 to 9% [8]. Similar findings have
been reported in British adolescents [91]. In the UK, 27%
of the 12-year-olds had developed new or more advanced
erosive damage at age 14. Lesions into the dentin were noted
in 5% of 12-year-old children, which by the age of 14 had
increased to 13%. The corresponding figures for erosion
confined to the enamel were 56 and 64% [9]. In a recent
study from the Netherlands that followed children from the
age of 12 to the age of 15, the incidence of new dental erosion
decreased during this 3-year period while the prevalence of
deep enamel/dentin erosion increased from 2% to 24% in
children who already had erosion at the age of 12 years [10].

6.1. Relationship between Cuppings, NCCLs, and Dental
Erosion. The presence of cuppings on first molar teeth is
widely accepted as a clinical sign of erosion. In a sample
of Saudi young men, cuppings on the first molars were
found in 49% of individuals [25]. In high and low erosion
groups from the same sample [25] the prevalence of cuppings
was 64% and 41%, respectively [42]. German children with
erosion showed 87% cuppings at age 11 and 94 percent
at the age of 16 [8]. Australian studies have shown that
cuppings are both more frequent and larger in size in erosion
patients younger than 27 years compared to older erosion
patients. This has been interpreted as a result of a lifestyle
change that led to an increased consumption of acidic drinks,
a choice which was seen as far more pervasive among
youngsters [62]. Prevalences of cuppings in 5-6-year-old, 13-
14-year-old and 18-19-year-old Swedes were 72%, 46%, and
66%, respectively, and had a significant correlation with the
presence of erosion on anterior maxillary teeth [23].

NCCLs were noted in 25% in an unselected material
of young men, while in patients groups with high and low
erosion the prevalence was 58% and 10%, respectively [42].
Among Swedish children at the age of 5-6 years, NCCLs
were found in 44% of the individuals, among 13-14 years,
in 87%, and among 18-19 years, in 98% [23]. In the latter
study, a significant correlation between mean erosion scores
on maxillary anterior permanent teeth and number of buccal
NCCLs was found for the groups of 13-14 years and 18-19
years but not for primary teeth (group 5-6 years). Others
have made similar findings [81]. A quarter of the subjects
in one study showed wedge-shaped lesions, abfractions, and
5% of all teeth exhibited such lesions [86] and if other more

indistinct types of NCCLs were included, a prevalence of
62% was reported of the subjects investigated [87].

7. The Individual’s Defense against Erosion

Studies of both primary and permanent teeth have shown
that tooth surface hardness plays a role in the development
of erosive damage. Although primary teeth are softer than
permanent teeth, the erosive process progresses at the same
rate on both types. Children have larger variations and
slower salivary sugar clearances and also lower salivary flow
rates than adults. In addition, primary teeth are “smaller”
than permanent teeth. Considering hard tissue morphology,
quality of saliva, and other salivary conditions, the erosion of
deciduous teeth is therefore likely to manifest more quickly
than it does on permanent teeth [92–96].

Saliva is one of the most important defense mechanisms
for dental erosion. Oral clearance of an acidic product varies
individually with the salivary secretion rate but also by the
individual’s ability to swallow. It has been demonstrated that
a dry-mouth individual runs a higher risk of erosion than an
individual with normal salivary secretion rate [97], and that
children with erosion, despite having low caries activity, have
saliva with properties similar to saliva of children with high
caries activity [98]. It has also been suggested that salivary
buffering capacity is of greater importance in cases of erosion
compared to that of dental caries [99]. In this respect, it
should be noted that children normally have a lower salivary
secretion rate than adults [100] and also a lower capacity of
swallowing.

The pellicle that saliva forms on teeth varies in thickness
not only between individuals but also between different
locations in the mouth. Studies have shown that the salivary
pellicle, depending on its thickness, offers some protection
for acid erosion on enamel [101, 102]. However, on a
newly eroded surface a rapid buildup of new pellicle
will adapt strongly to the eroded surface, thus hindering
remineralization. The capacity of a pellicle to protect against
erosion was shown to be limited in the face of a weak acidic
challenge on enamel, and nonexistent for such a challenge
on dentin [103]. It will be clear that the various factors
influencing pellicle and plaque formation can be decisive
for where erosive damage will occur, and for its severity. It
has been suggested that different protein interactions may
be of importance in this regard [104], one such factor being
salivary concentration of urea [66, 105].

The importance of method of consumption has been
investigated regarding drinking. The method of drinking,
namely, how an acidic beverage is drunk, is of great impor-
tance for the outcome of the erosive attack. A “retaining”
drinking technique, that is, keeping the drink in the mouth
before it is swallowed increases the risk of erosion as the
contact time between the tooth and drink is extended. It
has been shown by clinical research that patients with high
erosion more frequently use a “retaining” drinking technique
than patients with a low degree of dental erosion. Method
of drinking is assumed to depend on many different factors,
such as perceived taste, quantity of carbonic acid and the
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ability to swallow [66, 106] and maybe even to behavioral
aspects.

Oral hygiene habits are correlated with erosion, and
especially so if they are carried out in conjunction with an
ongoing acidic attack on the surfaces of the teeth [107]. It has
been suggested that the acid-induced, softened tooth surface
needs about an hour in the presence of saliva to remineralize,
and so be better able to resist abrasion from toothbrushing
[108]. It has been reported that patients with erosion often
have good gingival conditions and a small amount of plaque
[66]; it is also known that a more methodical, rigorous oral
hygiene technique is associated with erosion to a greater
extent than does a more sporadic and less systematic method
[42]. That being so, this is not meant to imply that the
proven benefits of good oral hygiene practice should be
compromised “for the purpose of avoiding erosive wear.”

8. Lifestyle and Behavioral Factors and
Dental Erosion

It is well known that both oral health and general health
are affected by lifestyle and behavioral factors [109–111].
Lifestyle change over time and often reflects societal factors.
These factors commonly include food choices and drinking
habits, level of physical activity, stress-related disorders,
and/or abuse of substances, amongst others.

A significant change in today’s lifestyle, as mentioned
earlier, is the sharply increasing consumption of acidic
beverages mainly in groups of children and young people
[41, 112, 113]. Another example is that people choose a new
“healthy lifestyle,” the net, unplanned outcome being that
they have a diet with an increased content of acidic products.
Examples of this are vegetarians and those who diet or fast
in order to lose weight [114–116]. The desire to keep fit can
be tied to the need to drink plentifully when training in the
gym, on the track, or at home; the risk here is of taking a sour
drink, and often under conditions of a deteriorated salivary
condition [117, 118].

A more “unhealthy” lifestyle can similarly have negative
implications for the risk of erosion. Stressed, perhaps
over-worked, take a quick lunch “on-the-run,” control the
heartburn that they likely to have with medication that
may relieve a gastrointestinal problem, but can also lead
to reduced salivary secretion [119]. Similarly, drug abusers
[120–122], those, such as the young IT freak who stays awake
through the night with the help of a caffeine-containing cola
drink, and others living relatively “unhealthy” lives, are at
risk for erosion. Prevalence of dental erosion appears not
to follow a clear socioeconomic pattern [16, 123, 124] or
to demonstrate direct sex differences [16, 24, 125, 126],
although it does vary between different age groups. In China,
3–5 year-old children generally show a low prevalence of
erosive tooth surface loss. The children with erosion had
parents with higher education who also, to a greater extent
than others, embraced the Western way of life and let their
children have frequent intakes of fruit drink in the baby
bottle just before bedtime [21].

The complex interactions among social, behavioral, and
circumstantial factors that contribute to the development

of dental erosion are very important considerations in fur-
thering our understanding of, and managing, the condition.
Although this is a complicated task, the growing challenge
the condition poses requires that every effort be made in this
research direction.

9. Clinical Aspects

Attempts have been made to develop grading systems of the
severity of wear that would have applicability in the clinical
setting. A recent development is a screening and monitoring
system (BEWE) that is based on treatment need categories
[127]. The proponents regard the system as an important
tool that has the possibility to become an integral part of
the regular oral and dental clinical examination that patients
undergo at routine recalls; the benefits, they imply, outweigh
the oversimplification of a complex and varied condition.
Thus, there has been strong criticism leveled against the
BEWE system due to several shortcomings: for example, not
considering pain, sensitivity or poor aesthetics, which are
crucial factors in the clinical decision making determining
the need for intervention, or not [128]. The assessment of
the need for treatment for erosive damage must always be
made on an individual basis taken into account a multitude
of factors. This means that the same degree of damage can
be in need of treatment in one patient but not in another.
Naturally, such complex decisions cannot be made from
a scoring system only. A patient diagnosed with erosion
should be followed up with individualized recall periods,
and an assessment of the possible progression from the diff-
erent investigations should be made. If necessary, a medical

consultation and/or complementary medical examination
should be carried out.

9.1. Preventive Strategies as the First Line in Management.
Prevention will frequently involve a need for lifestyle
changes, not only for the individual but also for the whole
family. To effectively eliminate or reduce the acidic effect on
teeth is clearly of far greater value than, for example, recom-
mending treatment with different fluoride products. These
have a more limited clinical effect in dental erosion [129–
136], even if their positive effect in the prevention of dental
caries is well established. The use of neutralizing products
such as antacid drugs has been shown to increase intraoral
pH after an acidic challenge [137, 138], while rinsing with
bicarbonate decreased tooth surface loss after artificially
induced erosion, it did not alter surface microhardness [139].
A large variety of dental care products for prevention of
dental erosion is on the market but there is no formula or
product available today that provides adequate protection
against erosion [140]. A product that may be promising,
however, may be one containing casein phosphopeptide-
amorphous calcium phosphate (CPP-ACP) [141].

The erosive potential of food and drinks is a measure
of its capacity to demineralize tooth substance. In general,
erosive tooth wear on enamel takes place if the pH is below
5.5. However, studies have shown that modification of this
critical pH is possible by addition of, for example, calcium or
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(a) (b)

(c) (d)

(e) (f)

Figure 11: (a) A 15-year-old girl with dental erosion confined mainly to maxillary anterior teeth caused by excessive soft drink consumption.
(b) Substantial loss of toots substance palatally on teeth nos. 12–22 with shoulder formation. (c) Vertical dimension established by composite
restoration on 12 allowing adequate space for restorative material. (d) Coverage with composite on teeth nos. 13–23. (e) Just after placement
of composite. Note the nonoccluding posterior teeth. (f) After a short period of time, reestablishment of the posterior occlusion utilizing the
Dahl principle [11].

phosphate to drinks [142, 143]. It does not appear that this
method of prevention is commonly applied today.

The young child with eroded primary teeth is a challenge.
It may, however, give an opportunity for preventing erosion
in the permanent dentition. Advice and information about
dental erosion at the right time can, in many patients, fully
or partly, prevent further damage, while in other patients it
can be less successful. However, it has been shown that even
in cases of severe erosion, for example in connection with
eating disorders, information and prophylaxis can reduce the
risk for development of erosive damage [144]. To promote a
healthier behavior among adolescents, their choice of lifestyle
needs further investigation and collaboration between differ-
ent types of healthcare workers.

9.2. Restorative Treatment. It would not be an overstatement
to say that all clinical decision-making related to inter-
ventional procedures come down to a careful weighing of

the benefits and the risks of the treatment options being
considered. The restoration of teeth with tooth surface loss
is no exception, and it is certainly not necessary to restore all
cases of tooth surface loss. Furthermore, there are no clear
guidelines for appropriate restorative treatment of erosive
damage, and there is a striking lack of evidence regarding
the long-term outcomes of any particular treatment methods
and material. All this calls for caution in clinical decision-
making [73]. In the young dentition, composite restorations
constitute the mainstay of restorative interventions, while
expensive conventional fixed and removable prosthodontics
was, and still remains, at the center of rehabilitation of
the extensively worn adult dentition—when treatment is
indicated. Such treatment is also complex and generally
highly invasive, adding to the dilemma of having to further
remove tooth substance for retentive needs when faced
with already an erosively-reduced tooth. To reemphasize the
previous section, prevention is the golden rule for success.
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(a)

(b) (c)

(d) (e)

(f) (g)

(h)

(i) (j)

Figure 12: A 19-year-old man with extensive tooth wear affecting maxillary anterior teeth caused by excessive soft drink intake, drunk by
the “retaining” drinking technique (a–c). Note the pronounced wear on palatal and buccal surfaces with shoulder formations (b). Patient is
provided with palatal acrylic onlays ad modum Dahl (cemented with resin cement) producing posterior disclusion (d, e). After 4 months the
posterior occlusal relationship has normalized (f) and after preparation there is enough space for the restorations (g). Full ceramic Empress
crowns cemented on teeth nos. 14–24 (h–j) [13, 14].
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Luckily, in many cases of wear and especially in the young
patient, the focus of restoration will be concentrated to the
anterior segment of maxillary teeth, usually for aesthetic
reasons, but not exclusively so. The problem of restoring
worn anterior teeth when little available interocclusal space
exists is apparent. In this regard, a less radical alternative
to complete occlusal reconstruction, based on the principles
of combined forced intrusion of anterior teeth and supra-
eruption of posterior teeth was first described by Dahl et al.
[145]. The method has consistently been shown to be reliable
in clinical studies [146–149]. Most children and adolescents
deemed to require restorative treatment can be treated with
a Dahl approach, or modifications thereof. Several such
modifications have been described following the original
report, including placement of single- or multiple-bonded
restorations at increased vertical dimension of occlusion
(VDO) in anticipation of rapid reestablishment of full
intercuspation being attained by the nonoccluding teeth
[148]. Thus it can be seen that, besides the traditional “sub-
tractive” approach of conventional rehabilitative methods,
a shift towards greater conservatism through an “additive”
approach is underway in the form of direct and indirect resin
composite restorations [150–152], as well as other materials.
The result can be both esthetically and functionally very
satisfactory (Figure 11). In older patients the same approach
may well be used. In one study, a shorter life-span with both
direct and indirect resin composite was reported in patients
with erosion compared to the control group [153]. In other
clinical reports, promising results were shown [154, 155].

With modern ceramics, using an adhesive technique,
similarly good results can be achieved (Figure 12). It seems
possible that the all-too-frequent failures seen after tra-
ditional reconstructive efforts may be more controllable
through a staged, reversible reconstructive approach that
relies to a large extent on adhesive technology, for example,
bonded composite restorations [152, 156]. Given the pos-
sibilities that such innovative approaches offer, it must be
acknowledged that clinicians have provided, and continue to
provide, rehabilitative strategies for managing their patients’
worn dentitions that range traditionally from extensive
prosthodontics to an increasing reliance on adhesive tech-
niques. Since all restorations have a finite lifespan, it is
necessary for the clinician to know that early diagnosis and
preventive strategies should always be used in patients at risk
so as to avoid the development of severe wear and the need
for complicated, extensive rehabilitation.

10. Conclusions

Although it may be difficult to identify a single cause of tooth
wear that may be seen clinically, dental erosion is increasingly
and more consistently recognized as an essential feature of
the wear seen.

The interest in dental erosion has been steadily increasing
since the mid-1990s. Dental erosion has a multifactorial
background, with individual and lifestyle factors having great
significance. Dental erosion is commonly seen in children
and young people. The location of erosive lesions is typically

on the palatal surfaces of maxillary anterior teeth and
the occlusal surfaces of mandibular first molars. Erosion
appears also to be a significant factor in the development of
noncarious cervical lesions.

It is important for the oral healthcare team to recognize
the early signs and symptoms of dental erosion and to
understand its pathogenesis. This is key to understanding
what the focus of the management approach needs to be.

Preventive strategies are the essential first line in manage-
ment, and will include lifestyle changes. To promote healthier
behaviours in adolescents, their choices of lifestyle will
often need further investigation and collaboration between
different types of healthcare workers.

When restoration of erosive damage is indicated, it
should preferably, and if clinically and technically possible,
be based on principles of reversibility. Thus the technique
used should be “additive” rather than “subtractive.’’

Notwithstanding the greater knowledge base that exists
compared to about 15 years ago, there is still a need for
further research and a better understanding of dental ero-
sion, be it of the process itself and its causation, or the most
appropriate ways to deal with its consequences.
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The prevalence and severity of tooth wear is increasing in industrialised nations. Yet, there is no high-level evidence to support or
refute any therapeutic intervention. In the absence of such evidence, many currently prevailing management strategies for tooth
wear may be failing in their duty of care to first and foremost improve the oral health of patients with this disease. This paper
promotes biologically sound approaches to the management of tooth wear on the basis of current best evidence of the aetiology
and clinical features of this disease. The relative risks and benefits of the varying approaches to managing tooth wear are discussed
with reference to long-term follow-up studies. Using reference to ethical standards such as “The Daughter Test”, this paper presents
case reports of patients with moderate-to-severe levels of tooth wear managed in line with these biologically sound principles.

1. Introduction

Tooth wear (TW), also known as tooth surface loss (TSL), is
an insidious and cumulative multifactorial process involving
destruction of enamel and dentine which can threaten
tooth survival and the oral health related quality of life of
affected individuals [1, 2]. Despite the overall trends towards
improved oral health and reduced dental caries incidence
over the last decades, epidemiological evidence supports the
contention that TW is increasing in severity and prevalence,
not only amongst older people who are living longer and
retaining more teeth, but also amongst those in the early
decades of their adult life [3, 4].

Greater understanding of the pathophysiology of TW
has driven advances in dental materials and techniques
for the benefit of affected patients. These advances have
led to biologically based prosthodontic strategies that chal-
lenge many traditional or currently prevailing concepts of
TW management. This is especially the case when one
considers the ethical health care maxim: “Firstly, do no
harm” (Primum est non nocere). Adopting biologically
sensible TW management strategies will ensure that as much
good as possible is achieved for the patient (beneficence)
whilst avoiding harm (nonmaleficience) and upholding the

patients’ rights to have the reasonable treatment undertaken
that most closely matches their wishes and expectations
(autonomy). Traditional concepts must now be reassessed in
order to achieve a radical paradigm shift in the philosophies
behind TW management.

This paper will therefore, review the fundamental princi-
ples that should be considered when deciding how to manage
patients with TW. The current state of knowledge of the aeti-
ology and differential diagnoses of TW will be discussed, fol-
lowed by an analysis of patient wishes and expectations when
seeking sensible solutions for their TW problems. The rela-
tive risks and benefits of the possible management options
will then be weighed up with reference to current available
evidence. Possible solutions which aim to put patients’ long-
term interests first will be outlined with reference to ethically
sound healthcare principles and using some case examples.

2. Aetiology and Differential Diagnoses of
Tooth Wear (TW)

There are three main, or widely recognized, aetiologies of
TW, namely, erosion, attrition, and abrasion [5]. There is a
fourth aetiological factor which has been recognized by some
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(a)

Intact enamel ring

(b) (c)

Figure 1: Varying severities of erosion observed in the (a) anterior maxillary facial surfaces, (b) anterior maxillary palatal surface, and (c)
posterior mandibular occlusal surfaces of a 23-year-old female.

but is certainly not universally accepted, namely, abfraction
[6]. Each of these has many different clinical presentations
which can be challenging to accurately diagnose, because the
aetiology is usually multifactorial [7].

2.1. Erosion. Erosion (loss of tooth tissue by the chemical
dissolution of enamel or dentine by the action of nonbac-
terial acids from dietary or gastric sources) initially appears
as “silky-glazed” dull enamel surfaces, with loss of enamel
characterization such as perikymata [8]. In moderate cases,
the buccal and lingual surfaces of maxillary anterior teeth
appear smooth and shiny with the loss of some anatomical
features (Figure 1(a)). In advanced cases, there is complete
loss of the enamel, and dentine is exposed. Often an intact
ring of enamel is spared and remains present around the
gingival area of the teeth, as seen in Figure 1(b). This enamel
ring is probably due to the neutralisation of the acid by the
gingival crevicular fluid. As the lesion advances, multiple
hollowed or cupped out areas form on the occlusal surfaces
[9], as seen in (c) of Figure 1.

In gastric erosion, the palatal surfaces of maxillary
anterior teeth are initially affected, as the tongue and the
buccal mucosa protect the other surfaces from exposure to
gastric acid [10]. However, as the condition progresses, the
protective effect is often lost, and the erosive TW becomes
more widespread [11, 12]. In contrast, dietary erosion
presents as widespread cupped out lesions with the specific
pattern being dependent upon the specific habits and diet
of the patient. Diagnosis is critical in order to protect the
remaining invaluable sound tooth structure appropriately.

The increasing prevalence of erosion in industrialized
societies has complex interplaying causes. Modern socio-
cultural standards of the “ideal” body image have resulted
in the ubiquitous use in the media and fashion industries
of very slim models to portray the supposedly ideal female
body shape and size. Increased exposure to such media has
been shown to be psychologically detrimental to the well-
being [13] and perceived self-image [14] of many young
women. The emphasis on thinness may cause impressionable
young people to adopt obsessive dieting and/or exercise
behaviours, and there is evidence that increased exposure to
such media may lead to an increased risk of eating disorders

such as anorexia nervosa [15]. One unfortunate outcome
of these pressures to be slim can be excessive oral exposure
to both dietary and gastric acids which may partly explain
the increased prevalence of TW in young adults in the UK
between 1998 and 2009 [3].

Refrigerated transportation and increased soft drinks
consumption are also likely to contribute to the increase in
dietary dental erosion, as fruit and fruit juices are available
all year round rather than being limited by seasons. If fresh
fruits (particularly fruits containing citric or malic acid with
high titratable acidity) are consumed regularly, then the
frequency of acid contact episodes increase as does the risk
of dental erosion [16]. The quantity and quality of saliva,
salivary pellicle, physiological soft-tissue movements, and
tooth anatomy and position in relation to the soft tissues will
also influence the development and progression of erosive
TW [17]. Behavioural factors, such as style and frequency of
eating and drinking, have important consequences. An acidic
drink that is held, “swished,” “swirled,” or “sluiced” in the
mouth before swallowing will increase the contact time of
the solution with the tooth surface and therefore the risk
of dissolution of the hard tissues increases [18]. Frequent
sipping of small quantities of acidic drinks will also increase
their erosive potential [5]. Figure 2 shows localized tooth
wear due to frequent sipping of carbonated drinks in a 15
year old. The area of erosion corresponds to the ring pull (V
shaped) area of the can, which explains the localisation of the
erosion to the central incisors only and the relative sparing of
the lateral incisors and canines.

2.2. Attrition. Attrition (wear of dental hard tissue as a
result of tooth-to-tooth contact with no foreign substance
intervening) usually affects the incisal/occlusal surfaces of
teeth in such a way that the opposing occluding surfaces
of mandibular and maxillary teeth interrelate [19]. These
lesions are often flat and glossy and have distinct margins.
There is usually symmetry with an antagonist tooth but
this is often in one of the border positions and frequently
not in their habitual intercuspal position. The specific
pattern of wear coincides with how and where the patient
bruxes or rubs their teeth forcibly against one another
during their parafunction. Figure 3 illustrates a pattern of
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Figure 2: Localized tooth wear of a 15 year old.

attritional TW which shows even wear of the maxillary and
mandibular teeth. Although there is considerable evidence
of bruxism, there is a marked absence of buccocervical wear
lesions, which further refutes the role of stress-related wear
(abfraction) as a plausible cause of buccocervical TW.

2.3. Abrasion. Abrasion (mechanical wear of dental hard
tissue not involving tooth-to-tooth contact) often presents
in the cervical region of teeth, especially when associated
with tooth brushing habits removing acid softened enamel
and dentine in areas where gingival recession has occurred
[19]. Other causes of abrasion include patients chewing
abrasive materials such as sand. Figure 4 shows photographs
of a patient who chewed sand as a habit. Figures 4(a) and
4(b) show the extensive abrasion of her third full mouth
reconstruction in five years. The patient was referred for
psychiatric help with her destructive habits. As the dentition
has previously been extensively prepared for conventional
porcelain crowns, the dentition was subsequently restored,
as shown in (c)-(d), using conventional materials and metal
on occluding surfaces.

3. Principles of Management

3.1. The Importance of Differential Diagnosis. Dietary, med-
ical, social, and dental histories are very important to help
to distinguish between the various clinical presentations. It
is especially important to distinguish erosion from attrition
so that the TW can be managed appropriately, taking into
account the very different aetiologies and their consequences
[20]. For instance, if the chemical dissolution from dietary
acids is the main aetiological factor, then the restorative
material primarily needs resistance to acid attack in order to
protect the remaining sound tooth tissue from further acid
dissolution.

Once the aetiology has been investigated in detail, a
“best fit” diagnosis has been made and the patient concerns

have been determined, the main aims of biologically sensible
management are the following:

(1) the preservation of the remaining tooth tissue,

(2) a pragmatic improvement in aesthetics,

(3) the restoration of patient confidence (both in terms
of their ability to manage their own condition and
the likelihood of their remaining tooth tissue lasting
for the rest of their lifetime).

The preservation of tooth structure is of the greatest
concern. In cases of gastric erosion, it is of real importance to
prevent further exposure of the eroded teeth to the damaging
gastric contents [21]. The management strategy may include,
for example, referring the patient to a gastroenterologist
for medical management of their gastro-oesophageal reflux
or to a psychologist or psychiatrist for behavioural and/or
psychological management of an eating disorder [22]. Effec-
tively managing gastro-oesophageal reflux has been shown
to reduce enamel erosion even within a six week period
of effective treatment [23]. However, with the exception of
management of gastric erosion, there is, currently, no high-
level evidence about the clinical effectiveness of any other
preventative measures such as monitoring periods and/or the
use of oral care products in TW [24].

3.2. Choices of Materials for Managing Tooth Wear. Epidemi-
ological data from industrialized countries such as the UK
show that increasingly more patients will retain many of
their teeth for their lifetime [3]. Therefore, any dental
material used to manage TW must ensure the survival of
the structural strength of the underlying remaining tooth
tissue. It follows, therefore, that the survival of the tooth is
of paramount importance, and by way of comparison, the
survival of the restoration is of far less consequence. In fact,
because modern restorative materials are now considered
expendable, reparable, and renewable, the traditional full
mouth rehabilitation approach as a rationale for restoring
a worn dentition must now change and focus instead on
protecting the remaining sound tooth structure. Studies into
the use of dentine bonding agents as a management strategy
have found that the coating was retained for a short period of
time only [25]. Figure 5 shows an example of directly applied
resin composite bonded at an increased vertical dimension
in order to provide long-term protection to (a) the eroded
palatal surface of a maxillary incisor and (b) the occlusal
surfaces of mandibular molars (compare with Figure 1).

3.3. Patients’ Wishes and Expectations. The social and psy-
chological impact of dental disease have been well docu-
mented, and it has been shown that poor oral health has
a detrimental effect on one’s ability to live comfortably, be
successful in employment, enjoy life, experience relation-
ships, and possess a positive self-image [26]. When seeking
a solution for the management of patients with TW, it is
important to determine what specific aspects of the problems
are of most concern to the patient, for example, lack of
visibility or sharpness of teeth, sensitivity to thermal changes,
or the colour of their teeth or shape problems.
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(a) (b)

Figure 3: Photographs of a patient with attritional wear of the maxillary and mandibular teeth.

(a) (b)

(c) (d)

Figure 4: Photographs of (a, b) extensively abraded crowns and (c, d) the subsequent treatment.

(a) (b)

Figure 5: Biologically pragmatic treatment of erosion using direct resin composite in a 23-year-old female (compare to Figure 1).
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This brings patient’s wishes and expectations to the
forefront by considering how they wish to have their problem
managed. When the biologically sound concept of protecting
their remaining sound tooth tissue is explained to patients,
not only do they readily understand the value and rationale
of such an approach, but also they usually actively seek
to avoid destructive treatments which would remove more
of their sound tooth tissue, and involve possible pulpal
damage, loss of vitality, further endodontic complications, or
ultimately loss of aggressively treated teeth [27]. It is vital to
remember that the survival of the tooth and dentinopulpal
complex is of paramount importance, and therefore, the
focus should be on the survival of the tooth or teeth rather
than on the success or survival of the restorations. This
biologically sensible approach accepts a lifetime of repair and
renewal of restorations, in lieu of, further loss of sound tooth
tissue.

When choosing the appropriate material to manage TW,
“The Daughter Test” in elective aesthetic dentistry is of
pertinence [28]. This test proposes that whenever elective
intervention is contemplated, the following question should
be asked: “Knowing what I know about dentistry and the
effects of this elective treatment on the health and structure
of these teeth in the long-term, would I carry out this
treatment on my own daughter?” [28]. If, in answering this
question honestly, dentists would be unwilling to carry out
electively destructive treatment on their own daughter (or
son, younger sister/brother, mother/father, husband/wife),
then why would they ever consider carrying out such dental
treatment on one of their trusting patients?

There is evidence that when patients are adequately
informed, most prefer more conservative options such as
resin composite rather than destructive options such as por-
celain. Patients do not perceive porcelain restorations to be
necessarily more aesthetic than resin composite restorations
[27]. Using resin composite to manage TW is conserva-
tive, predictable, and usually aesthetically acceptable to
patients (Figure 5). The use of resin composite is also safe
with minimal long-term pulpal or structural complications
being reported when this is applied to the external aspects of
teeth in thick section. Long-term follow-up studies show that
the main complications are repairable and retrievable with
no loss of tooth vitality or need for loss of further teeth [29].

In marked contrast, the use of dental porcelain veneered
onto various copings requires much more of the remaining
sound tooth tissue to be removed from the already worn
teeth in order to gain adequate space for the brittle porcelain.
Few patients with tooth wear are told that in order to
have an all-ceramic or ceramic-bonded-to-metal approach to
manage their wear that much more of their already reduced
teeth will be further destroyed. Edelhoff and Sorensen [30]
demonstrated that when teeth are prepared for metal-
ceramic or all-ceramic crown between 63%–72% of coronal
tooth structure is removed. The long-term biological costs
of this amount of elective structural and pulpal damage can
be potentially huge. Ethical clinicians are under a duty of
care to ensure that informed consent has been obtained for
any elective destructive procedures. Informed consent means
that the patient must fully understand that alternative safer

Figure 6: Photograph of a female patient with erosion caused by
bulimia.

Figure 7: Photograph of reversible “mock up” with direct resin
composite on the unetched enamel of just the eroded anterior teeth
to allow patient evaluation prior to treatment. This “mock up”
or composite simulation was done to check that it met with the
patients approval of the proposed changes in appearance. Once it
did, the temporary composite ”mock up” was removed and just the
anterior eroded teeth were directly bonded freehand at the agreed
increased vertical dimension with hybrid resin composite.

or more biologically sound treatment options actually do
exist for them.

3.4. Management of Worn Incisors. Managing worn incisors
using a conservative approach is a critical part of the overall
approach to biologically sound TW management. Incisors
are relatively small teeth, and therefore, what little structure
they have left following significant wear needs to be protected
and preserved.

Figure 6 shows photographic images of a female patient
with TW, resulting in short maxillary anterior clinical crown
height. The aetiology was erosion from intrinsic acid as a
result of bulimia, to which the patient readily admitted on
direct questioning. She had previously been managed on
a “watch and wait” basis by the making of impressions to
provide stone casts of her teeth on a yearly basis for seven
years. This approach proved futile and costly in terms of both
valuable sound tooth tissue and expensive clinical time.

A resin composite “mock up” on the unetched, but
dried enamel was used to show the patient what could be
done to change her dental appearance. As the patient liked
that appearance, the temporary mock up resin composite
was removed, the affected teeth were then etched, and a
three bottle bonding system was used prior to placing resin
composite freehand directly onto just the anterior eroded
teeth, at an increased anterior occlusal vertical dimension.
This was done without damaging the already eroded teeth
in any way or involving the mainly intact posterior teeth.
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(a) Presenting appearance of the worn, dark teeth (b) Worn lower incisors mainly due to erosion,
but with some attrition

(c) Class 2 div 2 incisor arrangement
with crowding and erosion but with some
attrition

(d) Appearance following 6 weeks of night
guard vital bleaching with 10% carbamide
peroxide

(e) Metal serration strips preventing etching
of adjacent crowded enamel surfaces

(f) Palatal view of serration strips preventing inadvertent
bonding of adjacent tooth surfaces

(g) Palatal surfaces are built up first, and
labial bonding is then added

(h) Composite resin being added from
the labial

(i) Conventional discs used for initial
finishing

(j) Multibladed Tungsten carbide used
for initial finishing interproximally

Figure 8: Continued.
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(k) Worn teeth covered by protective,
expendable direct composite resin. No
damage was inflicted on the already
eroded teeth

(l) Result of treatment of moderate-to-severe
wear treated by night guard vital bleaching
followed by direct resin composite bonding. No
destruction of any of the residual sound tooth
tissue was involved

Figure 8: Patient showing moderate-to-severe wear treated by night guard vital bleaching followed by direct resin composite bonding. No
destruction of any of the residual sound tooth tissue was involved.

(a) (b)

Figure 9: Management of posterior TW using adhesively retained gold onlays at 15 years after cementation.

Pragmatic “one-hit” direct resin composite bonding has been
shown to be clinically successful with minimal or no-long-
term iatrogenic effects [29, 31–33], and the use of three-step
(etch, primer, and bond) bonding system is still the gold
standard for mixed enamel/dentine bonding [34]. Figure 7
shows the result after the affected teeth were temporarily
“mocked up” with directly applied hybrid resin composite
at an increased occlusal vertical dimension. This resulted in
improved aesthetics with minimal biological costs, as the
residual eroded tooth tissue was protected in one appoint-
ment without any treatment of the posterior dentition,
which returned to full occlusal contact within 3 months.
Increasing the anterior occlusion only is a predictable and
safe procedure with a mean time to re-establishing posterior
occlusal contacts of 7 months [29, 31]. It should be explained
to patients to be treated with this approach that they will
need time to adapt to the changes in their occlusion. The
resin composite acts as a direct fixed orthodontic device and
the teeth are protected by proprioception in the periodontal
ligaments while the patient adapts [31]. Confidence in
this procedure is based on work originally undertaken by
Anderson in 1962 showing that patients readily adapt to
changes in their occlusion [32–35]. These original studies
have now been backed up by 30 years of follow-up data
showing minimal or no-long-term biological costs occur
from this increase in the occlusal vertical dimension [36].

Figure 8 shows some of the clinical procedures used to
treat a patient using this approach.

3.5. Management of Worn Molars. Management of gener-
alised TW can be facilitated by raising the occlusal vertical
dimension using direct composite resin bonding techniques
in the incisor and canine areas, thus opening the posterior
occlusion. If the TW is generalised, this space can be secured
by temporarily placing fast setting, contrasting colour, glass
ionomer cement onto the molar teeth at the increased
anterior vertical dimension. These provisional restorations
will secure the space gained by the anterior bonding. The
premolars or molars in between these newly bonded teeth
can then be definitively restored at leisure during subse-
quent appointments with an appropriate approach and
materials, all depending on the degree of wear or the existing
restorations in the posterior teeth. Figure 9 shows photo-
graphs of gold adhesive onlays used to restore worn posterior
teeth at 15 year followup [37].

If the premolar or molar teeth have existing large restora-
tions and need conventional crowns or onlays, then the
longer preparations that are made possible, due to the fact
that no further occlusal reduction is required, mean that
these longer castings made possible in this biologically sensi-
ble way will be better retained with either conventional or
resin-based cements as indicated.
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3.6. Where Now with Wear? These biologically based ap-
proaches advocated in this paper are worthy of equal, if
not greater, financial reward than traditional destructive
approaches using conventional crown and bridgework. Den-
tists who are able to practice and hone their skills using addi-
tive techniques with resin composite and not subtractive
techniques with a dental bur usually have greater artistic craft
skills and a profounder appreciation of the biologic long
term value of their patients remaining sound enamel and
dentine.

These valuable skills are more likely to be sought after
by sensible patients with TW, and when they understand the
real issues they will usually be willing to pay a fair fee for this
biologically sound approach which ensures that they retain
their remaining sound tooth tissue with their intact and
healthy pulps. Only once minimally destructive approaches
have been explored and exhausted should clinicians consider
the “medium destructive” approaches and only then consider
the highly destructive tooth preparations required for full
mouth rehabilitations.

In the authors’ view, the philosophy of full mouth recon-
struction using conventional fixed prosthodontics has very
limited biological advantages. The preparation of multiple
sound or minimally worn teeth for indirect all-porcelain
or porcelain-fused-to-metal restorations is not justifiable,
simply because teeth elsewhere in the dentition have been
affected by TW, or because it is easier, traditional, or more
lucrative, for the clinician to aggressively treat the TW in this
manner.

Regretfully, many remuneration systems and prostho-
dontic training courses have retained an emphasis on teach-
ing highly destructive management strategies which have a
very poor fallback position (i.e., the ability to repair, retrieve,
and retain the teeth and place new sound restorations) when
problems inevitably occur.

4. Conclusion

This paper has argued that a paradigm shift is now required
in relation to managing tooth wear. For far too long, the
emphasis in managing tooth wear has been on the wrong
aspects, namely, the length of time that the dental restoration
is successful or “survives”. The emphasis has to change
to a more biologically sensible, patient-centred approach,
involving minimal destruction of their worn teeth and an
acceptance that the materials used to repair or protect the
worn tooth tissue will need to be repaired, repolished,
renewed, or recycled as required. Damage or chipping of the
resin composite itself is of minimal consequence, as it can
be readily repaired, whereas the residual load-bearing sound
tooth structure and pulpal health are invaluable.

The focus for restorative management of tooth wear
should, therefore, be on using additive, constructive prost-
hodontic skills rather than relying on the destructive
approaches and skills involved in the traditional full mouth
reconstruction using full-ceramic or cast-ceramic veneered
restorations. In biologic terms, the destruction of sound
tooth structure or the hazarding of dental pulps can no
longer be condoned by sensible, caring dentists, whose trust-

ing patients depend on when seeking help with their tooth
wear.
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At this time, restoration of noncarious cervical lesions (NCCLs) is a common occurrence in clinics nowadays. Some reasons for
this are the growth of the elderly population, a smaller rate of tooth loss, and possibly the increase of some etiologic factors. These
factors include inadequate brushing techniques in gingival recession cases, corrosive food and drink consumption, and occlusal
stress concentrating factors (occlusal interferences, premature contacts, habits of bruxism, and clenching). Unfortunately, Class
V restorations also represent one of the less durable types of restorations and have a high index of loss of retention, marginal
excess, and secondary caries. Some causes for these problems include difficulties in isolation, insertion, contouring, and finishing
and polishing procedures. This work aims to help dentists in choosing the best treatment strategy, which necessarily involves steps
of problem identification, diagnosis, etiological factor removal or treatment, and, if necessary, restoration. Finally, appropriate
restorative techniques are suggested for each situation.

1. Introduction

Noncarious cervical lesions (NCCLs) are becoming an
increasingly important factor when considering the long-
term health of the dentition. In fact, the occurrence of
this condition is steadily increasing [1–4]. According to the
present literature available, it is not possible to determine
a unique etiological factor, but there is a concern that it
is a multifactorial condition [5–8]. These lesions can affect
tooth sensitivity, plaque retention, caries incidence, struc-
tural integrity, and pulp vitality, and they present unique
challenges for successful restoration [5–9]. These challenges
involve each step of the restoration process, including
isolation, adhesion, insertion technique, and finishing and
polishing [10]. A successful diagnosis and treatment plan
requires keen observation, a thorough patient history, and
careful evaluation. This work aims to provide some knowl-
edge of the NCCLs’ characteristics and etiologic covariables
as well as improve assessment of prognosis by aiding in
proper case selection for treatment and in the selection of
appropriate treatment protocols.

2. Identification of the Problem and Etiology

The first step for a successful treatment is the early iden-
tification of the problem. This could be reached with
a complete patient anamnesis accompanied by a careful
clinical examination. Some studies suggest that treatment
provided for NCCLs may not be based on the correct
diagnosis [3, 4]. It is important to diagnose the tooth
wear process in children and adults as early as possible.
Dental professionals have to rely on clinical appearance
to diagnose erosion. Diagnosing early forms of erosion is
difficult, as erosion is accompanied by few signs and fewer,
if any, symptoms. Therefore, clinical appearance is the most
important feature for dental professionals when diagnosing
this condition. This is of particular importance in the early
stage of dental erosion. The teeth should be dried thoroughly
and well illuminated to note minor surface changes [5].

Commonly, when the NCCL is painless and does not
affect esthetics, there is no complaint by the patient.
Sometimes, it is not completely painless, but the dentin is
partially (or completely) covered by dental plaque, tartar, or
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gum. A simple removal (or displacement) of this coverage
followed by the application of some stimulus (like a delicate
air blast) can initiate a pain process. When pain is present,
the location of the lesion becomes easier to detect. Pain is
one of the factors that will directly influence the decision for
restorative therapy as well as the technique employed.

As soon as the dental caries is eliminated as primary
cause, the possible factors involved have to be identified.
These noncarious processes may include abrasion, corrosion,
and (possibly) abfraction, acting alone or in combination.

There are factors associated directly with the genesis
of NCCL, such as occlusion, saliva, age, sex, diet, and
parafunctional habits [11, 12].

Abrasion is the result of friction between a tooth and
an exogenous agent [13]. If teeth are worn on their occlusal
surfaces, incisal surfaces, or both by friction from the
food bolus, this wear is termed “masticatory abrasion”.
Masticatory abrasion can also occur on the facial and lingual
aspects of teeth, as coarse food is forced against these surfaces
by the tongue, lips, and cheeks during mastication. We
should not underestimate the relevance of some current
diet habits, which are considered “healthy” but potentially
destructive to the teeth (granolas, nuts, all bran cereal,
and acid juices). Abrasion can also occur as a result of
overzealous tooth brushing, improper use of dental floss
and toothpicks, or detrimental oral habits. The NCCL, with
prevalent influence of abrasion, often presents hallmarks.
Frequently, they appear as painless cavities with polished
surfaces, but pain is not an uncommon occurrence. Typically,
when improper tooth brushing is one of the causes of the
NCCLs, the enamel resists differently than the dentin which
erodes following the path made by the toothbrush [3–9].

In dentistry, the term erosion is used to define the loss
of dental hard tissues by chemical action not involving
bacteria. Erosion, as defined by the American Society for
Testing and Materials Committee on Standards [14], is “the
progressive loss of a material from a solid surface due to
mechanical interaction between that surface and a fluid, a
multi component fluid, impinging liquid or solid particles.”
Therefore, this terminology should be avoided in dentistry.

Corrosion is the more appropriate term and represents
tooth surface loss caused by chemical or electrochemical
action. There are both endogenous and exogenous sources
of corrosion. In cases of endogenous sources of corrosion,
such as bulimia or gastro esophageal reflux disease (GERD),
the enamel appears thin and translucent, enamel is lost
on the posterior occlusal and anterior palatal surfaces, and
depressions occur at the cervical areas of upper anterior
teeth. “Cupped,” or invaginated, areas develop where dentin
has been exposed on the occlusal surfaces of posterior teeth
because of wear. In the exogenous sources of corrosion,
the aspect is similar, but the tissue loss location modifies
following the areas related to the passage of the corrosive
element [7]. It has been reported that any food substance
with a critical pH value of less than 5.5 can become a
corrodent and demineralize teeth. This may occur as a
result of consuming highly acidic foods and beverages such
as citrus fruits, carbonated soft drinks, and sucking on
sour candies. Acidic mouthwashes also may be implicated.

Acidulated carbonated soft drinks have become a major
component of many diets, particularly among adolescents
and young children. It is evident that this condition does not
exclusively affect the cervical areas, but, in association with
other factors, it will act synergistically [15].

Abfraction is thought to take place when excessive cyclic,
nonaxial tooth loading leads to cusp flexure and stress
concentration in the vulnerable cervical region of teeth. Such
stress is then believed to directly or indirectly contribute to
the loss of cervical tooth substance [5, 7, 8, 16–23].

Although there is theoretical evidence in support of
abfraction, predominantly from finite element analysis stud-
ies, caution is advised when interpreting results of these
studies due to their limitations [9, 24–26].

Frequently, more than two mechanisms may be involved
in the etiology of tooth surface lesions, featuring a mul-
tifactorial phenomenon. For example, a corrosive cervical
lesion could be exacerbated by tooth brushing abrasion.
When to these two mechanisms are added the effect of stress
(abfraction) resulting from bruxism or occlusal interference,
these lesions then become corrosive-abrasive abfractive in
nature. These various mechanisms can occur either syn-
ergistically, sequentially, or alternately. The interplay of
chemical, biological, and behavioral factors is crucial and
helps to explain why some individuals exhibit more erosion
than others [5, 7]. Therefore, awareness of a multifactorial
etiology in noncarious cervical lesions may help the clinician
to formulate an appropriate treatment plan for the patient.

3. Removing (or Treating) the Causes

Abrasion is the most cited etiological factor for development
of NCCL. In clinical surveys, 94% of respondent dentists
classified the lesion as abrasion, and 66% rated tooth
brushing as the most likely cause. The treatment methods
used varied, with no clear preference [9]. Cervical tooth-
brush abrasions are generally thought to be a consequence
of toothbrush factors such as frequent or forceful tooth
brushing, faulty or vigorous techniques, filament stiffness
or design, dominant hand dexterity, or abrasive dentifrices.
However, investigations cannot conclusively establish one
factor as the primary etiology because of conflicting results.
Therefore, an array of aspects related to toothbrush factors
may operate in conjunction with dental erosion and occlusal
loading [15]. Nevertheless, this etiology can be controlled.
The clarification of patients, their orientation about brushing
techniques, and the change of some of the above factors can
bring tangible results and must be performed.

Another etiology that can be effectively modified is the
chemical corrosion (also called “dental erosion”) and should
be correctly diagnosed. The success of the treatment depends
upon the patient’s collaboration. When derived from eating
disorders (bulimia) or and GERD, the treatment may require
the participation of a physician. The extrinsic etiology is
more easily treatable; removing or altering the harmful habit,
as in the abrasion etiology, provides consistent results.

When the abfraction etiology is diagnosed, no consensus
on treatment strategies exists. It is important that oral health
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professionals understand that abfraction is still a theoretical
concept, as it is not proved. As a result of the reported associ-
ations between occlusal interferences and abfraction lesions,
and between loading direction (influenced by cusp inclines)
and unfavorable tensile stresses, occlusal adjustment has
been advocated to prevent their initiation and progression
and to minimize failure of cervical restorations. Occlusal
adjustments may involve altering cusp inclines, reducing
heavy contacts, and removing premature contacts. The
effectiveness of such treatment is not supported by evidence.
In fact, inappropriate occlusal adjustments may increase the
risk of certain conditions such as caries, occlusal tooth wear,
and dentine hypersensitivity [24]. The science of occlusion
is complex, and the treatment requires understanding,
care, and experience. Although it is desirable to reduce
lateral forces on teeth with stress-induced cervical lesions,
extensive restorative procedures, such as the reestablishment
of anterior guidance or orthodontic movement, require cost-
and-benefit justification.

Occlusal adjustment should be undertaken only in cases
where the interferences are well established and diagnosed.
The professional must be enabled to do the adjustments
and be aware that this procedure must be performed only
when strictly indicated. The adjustment must be carried
out in order to remove only the interferences, preserving
the original points of centric occlusion. Another possibility
exists: the creation of a protective canine guidance with
composite resin. It is a conservative procedure, since it
involves only the application of a composite resin, but it
is important to carefully observe the possibility of excessive
stress concentrated on this tooth.

In fact, it is recommended that destructive, irreversible
treatments aimed at treating so-called abfraction lesions,
such as occlusal adjustment, must be avoided or imple-
mented only in exceptional cases.

Occlusal splints, aimed at reducing the amount of
nocturnal bruxism and nonaxial tooth forces, have been
recommended to prevent the initiation and progression of
abfraction lesions. However, it should be noted that the use of
occlusal splints to reduce bruxism is still a controversial topic.
Some studies support their efficacy [18]. Occlusal splints
have the potential to reduce nonaxial tooth loading when
constructed appropriately. Although they provide a conser-
vative treatment option for managing suspected abfraction
lesions, according to some authors, there is no evidence base
to support their use [9, 24]. In the presence of evidence of the
relevance of the abfraction mechanism in the development
of lesions, the occlusal splint should be considered as a good
treatment strategy due to its conservative nature.

3.1. Accompaniment. It should be noted that when restoring
NCCLs, clinicians are not treating the etiology but are merely
replacing what has been lost. Some dentists recommend
watching and waiting. Others recommend early intervention
[6, 16, 24, 26, 27]. There are no generally accepted, specific
guidelines in the literature stating that all lesions should be
restored. Logic and good clinical judgment would suggest
that they should be restored when clinical consequences

(e.g., dentine hypersensitivity) have developed or are likely to
develop in the near future. Aesthetic demands of the patient
may also influence the decision to restore these lesions.
One must conduct a risk-benefit analysis when considering
restoring these lesions. Cervical restorations may contribute
to increased plaque accumulation potentially leading to
caries and periodontal disease [11, 24, 25].

There are different reasons for the need for restorative
treatment: the structural integrity of the tooth is threatened,
the exposed dentin is hypersensitive, the defect is esthetically
unacceptable to the patient, or pulp exposure is likely to
occur [5].

When the dentist is against nonsensitive shallow cavities
that do not provide additional plaque retention, accompa-
niment should be performed. The possible causes of the
NCCLs should be identified and eliminated (or treated).

Photographic records should be taken annually as well
as full-arch impressions. The models should be kept safe for
future comparisons. If the abfraction etiology is considered,
the occlusion should be marked with red and blue articu-
lating paper to check whether there has been any change,
and photographic records from an occlusal view should be
taken. If a progression of the NCCLs is diagnosed, changes
in the therapy should be considered, providing restorative
treatment if necessary [6, 19].

3.2. Restorative Treatment. Once the restorative treatment is
indicated, the dentist has to know the different causes and
aspects of each situation and choose the best strategy to
employ. Unfortunately, although NCCL restorations are a
very common occurrence in clinics, they also represent one
of the less durable types of restorations and have a high
index of loss of retention, marginal excess, and secondary
caries [10]. Despite these restorations being a continuing
problem in restorative dentistry, the causes of the diminished
longevity are still poorly understood. Failure of cervical
adhesive restorations is often attributed to inadequate
moisture control, adhesion to different opposite substrates
(enamel and dentin), differences in dentin composition, and
also cusp movement during occlusion. In order to help
adopt the best restorative strategy, each step of the restorative
procedure will be considered.

3.3. Isolation. Problems with restoring NCCLs include dif-
ficulty in obtaining moisture control and gaining access to
subgingival margins [10, 28–30]. Rubber dam clamps, gin-
gival retraction cord, and periodontal surgery are methods
that can be used to retract and control the gingival tissues,
and thus facilitate access and also control moisture. The
exudation of gingival fluid is possibly one of the challenges
to adhesion in cervical region, which is already impaired
by other factors (such as the absence of enamel in the
gingival wall of the cavity and the characteristics of the
dentin in NCCLs). Rubber dam isolation should be used
whenever possible. Intrinsic anatomical and morphological
characteristics of the cervical region create limitations in
the placement of the rubber dam and clamp. Proper isola-
tion, is very difficult, sometimes impossible, when lesions
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extend proximally or under the gingiva. Sometimes part
of the structure cannot be isolated and the dam promotes
restorative material accumulation. Access is also limited,
causing problems related to insertion of the restorative.
When adequate rubber dam isolation is not possible another
isolation method has to be employed. The insertion of non-
impregnated retraction cords can help in moisture control.
Another option is a proposed association of Mylar matrix
with wood wedges and a photocured gingival barrier [10].
In any case, a proper isolation is the first step for the success
in restoring NCCLs but, despite being the basis for the other
subsequent steps, is probably the most underestimated one.

3.4. Material Selection. Even with advanced destruction,
minimally invasive restorative intervention, such as sealing
or covering with composite material, should be the therapy
of choice. It is evident from the recent literature that
there is no place for metallic materials such as amalgam
and gold in the modern day restoration of NCCLs. Glass
ionomer cements (GICs), resin-modified GICs (RMGICs),
a GIC/RMGIC liner base laminated with a resin composite,
and resin composite in combination with a dentine bonding
agent are all restorative options [24, 31–35].

Some authors recommend that RMGIC should be the
first preference for restoration of NCCLs or, in aesthetically
demanding cases, a GIC/RMGIC liner base with resin com-
posite [32, 33]. Indeed GIC presents several characteristics
that make them a good choice: biocompatibility, adhesion
to calcified substrates (especially in cases of dentin scle-
rosis where traditional adhesion may underperform), and
elastic modulus similar to the dentin. However, some other
characteristics make its use infrequent: technical difficulties
related to the material’s stickiness, poor esthetics, solubility
particularly in acidic oral environments, and retention
failure occurrences. Some authors claim that under the
action of parafunctional loadings, fracture-induced failure of
cervical GIC restorations occurs at the cervical margin. It is
further shown that prior to fracture, the restorative material
undergoes strain softening, which in turn introduces damage
and weakens the materials involved. The softening of the
material occurs in the cervical region of the restoration area
which has been linked to the location of most of the clinical
observed failures [30]. This can be related to the brittleness
of the material (cement). The author does not indicate GIC
or RMGIC frequently, but it is a good indication in deep
NCCLs, where a laminate technique (sandwich technique
with composite resins) can be used.

The best materials for restoration of NCCLs are the
composite resins. Within this group of materials, some
authors recommend that NCCLs suspected of being caused
primarily by abfraction should be restored with a microfilled
resin composite or a flowable resin that has a low modulus
of elasticity, as it will thus flex with the tooth and not
compromise retention [34, 36–38]. However, no definitive
conclusion can be found in the literature addressing the
difference between failures rates of resin composites of dif-
ferent stiffness used to restore NCCLs. Nevertheless, in must

situation, the authors recommend low modulus composites
or associations of composites with different modulus [10].

3.5. Cavity Cleaning. After the isolation another important,
and commonly neglected, step should be performed: the
prophylaxis of the cavity. Due to their nature, NCCLs are
lined with a contaminated layer that resists adhesion. The
gingival proximity (sometimes partially or totally covering
the cavity) makes this procedure a more complex step. In
some cases, rotary prophylactic brushes cannot be used in
order to avoid mechanical aggression and bleeding [10].

In nonsensitive cavities, the authors recommend rubbing
the cavity and its periphery with a cotton pellet soaked with
an anionic detergent, followed by rinsing with water, drying,
and conventional total acid etching (37% phosphoric acid—
10 seconds on dentins and 20 seconds on enamel) with the
aim of removing the sticky layer. Even when the roughening
procedure is performed, the same sequence is recommended.

In the presence of sensitivity, rubbing with detergent is
still indicated but the phosphoric acid should be applied only
on enamel. Dentin will be conditioned by the self-etching
primer/adhesive. When a conventional GIC is chosen, the
previous conditioning with polyacrylic acid is indicated in
order to provide a good surface wetting. If an RMGIC
is chosen, pretreatment of dentin with self-etch adhesive
systems, before filling, seems to be a good alternative
to the conventional dentin conditioner provided by the
manufacturer [35].

3.6. Adhesion. Some intrinsic characteristics of the NCCL
create unique challenges to dental adhesion. Some recent
studies demonstrate important histological differences
between prepared dentin and the affected dentin from
NCCLs.

One work based on Raman analysis showed that the
distinct compositional and structural alterations in mineral
and matrix components of NCCLs affected dentin. A hetero-
geneous hypermineralized layer, with characteristic features
such as high phosphate/low carbonate content, high degree
of crystallinity, and partially denatured collagen, was revealed
in the affected dentin substrate of NCCLs [39, 40].

In another study focusing on adhesion to sclerotic dentin,
the authors observed that most dentinal tubules were oblit-
erated by rod-like sclerotic casts and could not be dissolved
by acid etching. Both the hybrid zone and the resin tags
were observed in sclerotic dentin after restoration. Although
resin tags were fewer, and in lack of communications, the
length of resin tags and the thickness of the hybrid zone were
almost similar to those of the sound dentin. They concluded
that bonding to sclerotic dentin is different from bonding to
sound dentin and may be compromised by fewer resin tags
and communications [41].

Transmission electron microscopy revealed that in addi-
tion to occlusion of the tubules by mineral crystals, many
parts of wedge-shaped cervical lesions contain a hyper
mineralized surface that resists the etching action of both
self-etching primers and phosphoric acid. This surface
prevents hybridization of the underlying sclerotic dentine.
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In addition, bacteria are often detected on top of the
hypermineralized layer. Acidic conditioners and resins pen-
etrate variable distances into these multilayered structures.
Examination of both sides of the failed bonds revealed a
wide variation in fracture patterns that involved all of these
structures. Microtensile bond strengths to the occlusal, gingi-
val, and deepest portions of these wedge-shaped lesions were
significantly lower than similar areas artificially prepared in
normal teeth [42].

Further studies are required to understand the role that
these alterations play in response to acid etching and bonding
to these clinically relevant substrates.

Further, some authors agree that restorations placed in
teeth whose dentin/enamel had been prepared, or rough-
ened, showed a statistically significant higher retention rate
than those placed in teeth with unprepared dentin [10,
43]. Considering these studies and the author’s clinical
experience, a mild roughening of the superficial dentin with
a diamond point is indicated when restoring polished non-
sensitive NCCLs. This procedure does not create additional
sensitivity and aims to get a more reliable adhesion in
this specific situation. If the cavity is deep and provides
sufficient thickness, a sandwich technique may be performed,
taking advantage of the GIC’s good adhesion to calcium. It
is important to note that adhesives with direct interaction
with calcium have been recently developed and present a
promising option in these cases [43].

The adhesion strategy for sensitive NCCLs has to be
different. Using common sense, it is logical to conclude,
based on hydrodynamic theory, that the dentin tubules are
not obliterated; on the contrary, they are probably opened.
Thus, the etching should be gentle in order to provide a good
substrate to adhesion without enhancing sensitivity.

Based on this, and considering the available adhesives,
the self-conditioning (SE) adhesives should be the first
choice. Although several articles doubt their efficiency in
aspects such as bond strength and marginal discoloration
[44], others demonstrate acceptable clinical performance
[45–49]. A previous acid etching of the surrounding enamel
is indicated because, as known, the microretentions created
by the SE adhesives are not enough to give adhesive strength
similar to that achieved by conventional acid etching. Within
this group, the self-etching primers (two steps) present better
results than the self-etching adhesives (one step) [50–52].
One must always remember that an active application of
these adhesives should be employed, rubbing the surface with
a soaked microbrush for 15-seconds, waiting other 15 second
period to allow volatilization of solvents. This is important
because the cervical wall of the cavity tends to retain excess
of adhesive which leads to future discoloration and gap
formation.

3.7. Insertion Techniques. Despite the apparent easy access
and insertion, NCCL presents some particularities that
should be emphasized. This may justify the high documented
failure rate [30, 33, 53–55] and the number of published
articles about this theme [10, 34, 36, 56–67].

The first point that creates difficulties is that the cavity
limits are not well defined, especially the proximal limits
location. Thus, restorations with excess material are a
common occurrence. Every effort should be made to delimit
the future restoration, because the excess removal and the
finishing and polishing present other difficulties. A good
gingival displacement and the use of enhancing optical
devices are indicated.

Another challenge is eliminating or reducing the gap
formation on the gingival wall. The simple fact of working
with cavities on opposite walls from dissimilar tissues
like dentin and enamel already creates intrinsic problems.
Managing their completely different adhesive behavior is one
aspect that should not be overlooked.

Several restorative techniques have been proposed to
minimize shrinkage due to polymerization and also to
achieve better marginal adaptation in Class V cavities.
Because bond strength to enamel is usually greater than
to dentin, it was suggested that cavities could be restored
in multiple layers, starting with incremental placement in
the occlusal wall of the preparation. This would minimize
leakage into the dentin margin. It has also been suggested
that the contraction gap at the gingival margin caused
by polymerization shrinkage could be prevented by the
incremental placement of a composite material starting
in the dentin portion of the preparation. Regarding the
possibility of bulk placement, it has been stated that this often
results in open dentin margins, thus increasing microleakage
[10].

Since enamel adhesion is stronger, more stable, and more
predictable, the insertion of material should begin from
the gingival wall, without surrounding enamel. Avoiding
concomitant insertion on opposite walls and leaving a free
surface, the adhesion to the cervical wall can be achieved
without antagonistic forces. Whenever possible, the cavity
should be restored with three, or at least two, increments.
The last one will be placed on the enamel margin. Employing
a careful technique is possible to achieve a restoration
with minimum or no finishing and polishing procedures
needed.

Considering esthetics, the color of the cervical area is
easy to obtain, usually with a higher saturation and smaller
translucency compared to the color of the other two thirds of
the tooth.

3.8. Finishing and Polishing. Any excess or roughness should
be avoided in NCCLs’ restorations. Plaque retention, gingival
inflammation, and occurrence of caries lesions represent not
only a failure of the restoration but also a creation of new
problems to the patient. Poorly performed finishing and
polishing procedures can lead to damage to the soft and
hard tissues. Techniques with minimum need of finishing
and polishing are ideal, but properly contoured restorations
are seldom achieved without the need to remove excess
material [10, 68–72]. When they are needed, a good option
is the use of delicate diamond finishing points followed by
application of a surface sealant or a liquid polisher [10, 72,
73].
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3.9. Clinical Control. As emphasized before, treatment of
NCCLs is not easy, and sometimes, new procedures or
different approaches are needed. Semiannual appointments
should be performed in order to observe the evolution of
the lesions, the conditions of the restorations, and other
concerns of the patient. Also, the maintenance of the
surface polish can be performed with a new surface sealant
application.

4. Conclusions

Treating NCCLs necessarily involves these steps: problem
identification, diagnosis, etiological factor removal, or treat-
ment, and, if necessary, restoration. Due to the multifactorial
character, it is not a simple procedure. A successful diagnosis
and treatment plan requires a thorough patient history and
careful observations and evaluations. Different approaches
should be made to each specific situation.
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The increasing prevalence of gastroesophageal reflux disease (GERD) in children and adults, and of “silent refluxers” in particular,
increases the responsibility of dentists to be alert to this potentially severe condition when observing unexplained instances of
tooth erosion. Although gastroesophageal reflux is a normal physiologic occurrence, excessive gastric and duodenal regurgitation
combined with a decrease in normal protective mechanisms, including an adequate production of saliva, may result in many
esophageal and extraesophageal adverse conditions. Sleep-related GERD is particularly insidious as the supine position enhances
the proximal migration of gastric contents, and normal saliva production is much reduced. Gastric acid will displace saliva easily
from tooth surfaces, and proteolytic pepsin will remove protective dental pellicle. Though increasing evidence of associations
between GERD and tooth erosion has been shown in both animal and human studies, relatively few clinical studies have been
carried out under controlled trial conditions. Suspicion of an endogenous source of acid being associated with observed tooth
erosion requires medical referral and management of the patient as the primary method for its prevention and control.

1. Introduction

Both endogenous (intrinsic) acid and exogenous (extrinsic)
sources of acids are responsible for the increasing incidence
and high prevalence of tooth erosion and associated tooth
sensitivity observed in many countries, in both children and
adults [1]. Not only may the tooth erosion from endogenous
acid be more severe than that from exogenous acids but also
gastric reflux, regurgitation, and microaspiration may have
significant adverse effects on the mucosa of the esophagus,
oropharynx, and respiratory system [2–6].

A recent systematic review found a median prevalence
of 24% for tooth erosion in patients with gastroesophageal
reflux disease (GERD) and a median prevalence of 32.5%
for GERD in adult patients who had tooth erosion [7].
Therefore, from their observations of tooth erosion, dentists
may be the first persons to diagnose the possibility of
GERD, particularly in the case of “silent refluxers.” This
diagnosis is important, as GERD has increased in prevalence
in many countries, and may have severe health effects if not
adequately treated [8, 9]. Consequently, dentists should be
more aware of the various manifestations of GERD in both
children and adults.

2. Gastroesophageal Reflux and
Antireflux Barriers

Gastroesophageal reflux (GER) is defined as a normal, phys-
iologic retrograde flow of gastric contents into the esophagus
that occurs mostly postprandial (after meals) for around
one hour per day [10]. A GER episode is diagnosed when
esophageal pH drops below 4.0 for at least 30 seconds [11].
But, in healthy individuals, the acidic reflux is cleared by
esophageal peristalsis and saliva within 1-2 minutes [12].
Saliva also helps to buffer (neutralize) esophageal acid [13]
and to lubricate the esophagus against mechanical damage
from a food bolus [10].

An antireflux barrier at the gastroesophageal junction is
formed by normal anatomical features, including the oblique
course of the gastroesophageal junction and diaphragmatic
curve. Of particular importance is a high-pressure gradient
of 10–30 mm Hg maintained by tonic contraction of the
circular muscles of the lower esophageal sphincter (LES).
Luminal clearance of the esophagus is aided by gravity
when upright, by physiological emptying (peristalsis) of
the esophageal contents into the stomach and by salivary
bicarbonate [14, 15].
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3. Pathophysiology of
Gastroesophageal Reflux Disease

GER does not produce gastric symptoms or mucosal damage,
but can progress into a clinical disorder termed gastroe-
sophageal reflux disease (GERD), usually characterized by
symptoms of heartburn and acid regurgitation [16]. A global
definition and classification of GERD has been developed
by the Montreal consensus group, based on voting by 44
physicians from 18 countries on several evidence-based
statements on the characteristics of GERD. [17]. GERD
has been defined as “a condition that develops when the
reflux of stomach contents causes troublesome symptoms
and/or complications,” and its manifestations have been sub-
classified into esophageal and extraesophageal syndromes
[17]. Recently, attempts have been made to define GERD
specifically for the pediatric population (including infants,
children, and adolescents) in light of observations of a wider
range of variability in the signs and symptoms in children
compared with adults [18].

GERD can occur both during sleep (nocturnal) and
waking (day time) stages, and 40–81% of individuals who
reported symptoms of GERD also experienced symptoms
during sleep [19–23]. Sleep-related GERD occurs more
frequently during the lighter nonrapid eye movement (non-
REM) sleep, particularly during the first two hours of
sleep, than during the REM stage [12, 24]. These episodes
also occur less frequently, but last for longer periods, than
those during the waking stage [25]. Each sleep-related
GERD episode has been noted to typically last for 15–20
minutes compared with 1-2 minutes during the waking
stage [12]. These episodes can recur continuously to lower
the esophageal pH below 4.0 for a period of around 60
minutes, including a period of 10 minutes when esophageal
pH stays at 1.0, until the pH gradually recovers to above 4.0
(Figure 1) [26]. This situation demonstrates the potential for
erosive damage to both the esophageal and extraesophageal
structures during sleep-related GERD.

The body has several mechanisms to protect the esoph-
agus against the effects of acid reflux during the waking
period. Acid contact on the mucosa in the distal esophagus
(near the gastroesophageal junction) during the waking state
induces increased salivary flow and swallowing mechanisms
(primary peristalsis), and localized esophageal peristalsis
(secondary peristalsis) to buffer the acid and facilitate
volumetric clearance [12, 27]. These antireflux protective
mechanisms also occur during sleep, but at a diminished
level. Salivary flow is greatly reduced during sleep, but saliva
secreted intermittently in response to orofacial movements,
such as chewing-like jaw activity or rhythmic masticatory
muscle activity, helps to lubricate the esophageal mucosa
[28]. An experimental study on healthy individuals has
shown that acid infusion into the esophagus during sleep
resulted in a brief period of arousal with a swallowing
reflex, which was also believed to promote saliva flow [29].
Therefore, sleep-related acid reflux may induce similar
responses, as well as the perception of heartburn, which are
known to be important mechanisms responsible for salivary
secretion, volumetric clearance of the refluxate, and the
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Figure 1: Pattern of sleep-related esophageal acid exposure in
a patient with erosive esophagitis. Night-time acid reflux during
supine sleep leads to pH levels <4 that are continuous and sustained.
(Reproduced Figure 2, page 111S, from Orr [26]. With copyright
permission from Elsevier).

prevention of pulmonary aspiration [30]. Even though these
antireflux mechanisms operate in the majority of GERD
patients during sleep, there is still a greater risk of proximal
migration of refluxate as well as an increased duration of
acid-mucosa contact during sleep compared with the waking
state [12, 31]. Thus, sleep-related GERD poses a greater risk
of developing esophageal complications (including reflux
esophagitis) and extraesophageal complications (including
respiratory tract conditions and pulmonary microaspiration
of the refluxate) compared with the waking state [23, 26,
31]. In essence, GERD disturbs sleep and sleep disturbances
worsen GERD [32, 33].

4. Risk Factors for GERD

GERD is usually caused by a transient relaxation of the
LES and less commonly by a transient increase in intra-
abdominal pressure or a low resting pressure of the LES
[34]. Generally recognized risk factors for gastric regur-
gitation include conditions that cause LES incompetence
(alcohol, nicotine, caffeine, many medications, and hiatal
hernia), conditions that cause increased intra-abdominal
pressure (obesity, pregnancy, straining, and bending), and
conditions that cause increased gastric volume (heavy meals
and intestinal obstruction). Alcohol consumption may also
increase gastric acid secretion and delay gastric emptying,
and nonsteroidal anti-inflammatory drugs may interfere
with prostaglandin cytoprotection [35]. Obstructive sleep
apnoea (OSA) and obesity predispose to nocturnal GERD,
with more than 100 reflux episodes reported during an 8-
hour sleep in individuals suffering from OSA [36, 37]. The
consumption of spicy and acidic foods and beverages may
also aggravate GERD problems.

5. Diagnosis of GERD

Common methods for the diagnosis of GERD include the
assessment of gastric symptoms, a proton pump inhibitor
(PPI) drug test, esophageal pH monitoring, and upper endo-
scopy [8].
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As both gastric and duodenal reflux occur frequently in
individuals suffering from GERD, a combined assessment is
important in obtaining a holistic understanding of its patho-
physiology [38]. Esophageal symptoms can be associated
with either acid or bile or a combination of both in GERD
patients, but the majority of symptoms are associated with
gastric acid [39]. Furthermore, duodenal refluxate in the ab-
sence of gastric refluxate does not cause reflux esophagitis
[40].

Classical symptoms of GERD in adults are heartburn and
acid regurgitation causing a sour taste, with less common
symptoms being dysphagia (difficulty swallowing), water
brash (flooding of the mouth with saliva), odynophagia
(pain on swallowing), burping/belching, chronic cough/
hoarse voice, nausea, and vomiting [41]. However, cultural
differences and language barriers need to be considered in
diagnosing GERD because of the difficulties associated with
direct translation of English words (such as heartburn) into
other languages [8]. Also, it is obvious that an assessment of
symptoms alone will be unable to detect instances of “silent
GERD.”

It is generally agreed that the overall management of
GERD should focus on reducing acid regurgitation with
the use of PPIs initially, and antireflux surgery if required
subsequently [40]. In the absence of serious symptoms and
signs, PPIs administered over 1–4 weeks are a cost-effective
initial treatment therapy and diagnostic test for GERD [42].
If regurgitation symptoms fail to respond to this treatment,
patients are usually followed up with pH-monitoring studies
[8, 43].

pH monitoring is considered to have the highest sensi-
tivity (ability to detect true cases as positive) and specificity
(ability to diagnose false cases as negative) in diagnosing
GERD [44]. pH-monitoring systems include a 24-hour
catheter-based pH-monitoring system and a 48-hour wire-
less pH-monitoring system. The latter system causes less
interference in daily life activities and has higher sensitivity
and specificity than the former [43, 45, 46].

Assessment of symptoms and pH monitoring are not re-
liable for detecting erosive changes in the esophageal mucosa.
Reflux esophagitis, referring to the injury with inflammation
of the esophagus from gastric refluxate, is a common mani-
festation of GERD that is recognized during endoscopy [16].
However, in one study, most patients showed only mild or
no erosion of the esophageal mucosa [47]. Endoscopy is also
used to detect Barrett’s esophagus and hiatal hernia and for
sampling for the presence of Helicobacter pylori from gastric
mucosa [46, 48].

6. Advanced Esophageal
Manifestations of GERD

Severe forms of GERD have been associated with Barrett’s
esophagus, which is a form of esophageal metaplasia charac-
terized by aneuploidy (abnormal number of chromosomes)
[2]. This condition can progress to low-grade and high-
grade dysplasia and is the strongest risk factor for esophageal
adenocarcinoma [2, 49]. As the second most common form
of esophageal neoplasm after squamous cell carcinoma,

esophageal adenocarcinoma has a very poor long-term out-
come with a high mortality [3, 50].

Fortunately, several very large longitudinal studies sug-
gest that only a minority of GERD sufferers develop Barrett’s
esophagus [51, 52]. These studies found that Barrett’s
esophagus developed in 0.0–1.8% of persons with nonero-
sive esophagitis and in 1.0–9.9% of persons with erosive
esophagitis. Thus, the overall risk of development of Barrett’s
esophagus in GERD sufferers is low, though generally
increasing, with a slightly elevated risk in individuals with
erosive esophagitis.

A very low incidence of 1.0 per 100,000 for esophageal
adenocarcinoma was reported in male American White and
non-Hispanic GERD suffers aged below 50 years, which
increased for older men to reach an incidence of 60.8 per
100,000 in 70-year olds [53]. The risk in women was very low
across all age groups, increasing to 3.9 per 100,000 at 60 years.
Based on these findings, recommendations for endoscopic
examinations for adenocarcinoma were not advised in men
aged less than 50 years and in women of all age groups,
regardless of GERD symptoms [54].

However, a recent systematic review and meta-analysis
of population-based studies found associations between
frequent GERD symptoms and esophageal adenocarcinoma,
with weekly and daily symptoms increasing the odds ratio of
esophageal carcinoma by fivefold and sevenfold, respectively
[3]. In a population-based case-control study investigating
the association between obesity, GERD, and esophageal
adenocarcinoma in White Australians, a greater risk of
progression of adenocarcinoma was observed in men than
in women [55]. The relative risk of adenocarcinoma was
alarmingly higher in obese individuals who experienced fre-
quent GERD symptoms than in obese persons with no GERD
symptoms. Pooled data on esophageal adenocarcinoma and
cigarette smoking showed that smoking also increased the
risk of esophageal adenocarcinoma [56]. However, a recent
review reported inconsistent associations between diets (con-
taining meat and high-fat levels) and esophageal changes
(including Barrett’s esophagus, esophageal adenocarcinoma,
and esophagogastric junction adenocarcinoma) [57]. These
findings provide some information about possible risk
factors for Barrett’s esophagus and adenocarcinoma, but
caution is needed when interpreting the results because of
the lack of control over GERD, as a confounding variable. In
this context, further research is needed to clarify the roles of
lifestyle factors and their interaction with GERD in causing
Barrett’s esophagus and esophageal adenocarcinoma.

7. Extraesophageal Manifestations of GERD

Extraesophageal manifestations possibly resulting from
GERD include laryngeal (reflux laryngitis, hoarseness,
chronic cough, vocal cord ulcer, and granuloma), pharyngeal
(mucositis), respiratory (asthma, bronchitis, chronic cough,
and aspiration pneumonia), sinus (sinusitis), middle ear
(otitis media), and oral conditions (tooth erosion and
sensitivity, sour taste, halitosis, and mucositis) [4, 6, 58, 59].
Oral manifestations of gastric conditions have been largely
ignored in the gastroenterology literature, though a recent
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gastroenterology textbook very briefly included in an
attempt this topic to provide a holistic approach for the
management of several gastrointestinal conditions [41].

Oral mucosal lesions may result from GERD by direct
acid or acidic vapor contact in the oral cavity [41]. However,
there is a paucity of information on the effect of GERD on
oral mucosal changes. One large case-control study observed
a significant association of GERD with erythema of the
palatal mucosa and uvula [60]. A histologic examination
of palatal mucosa found a greater prevalence of epithelial
atrophy, deepening of epithelial crests in connective tissue,
and a higher prevalence of fibroblasts in 31 GERD patients
compared with 14 control subjects [61]. But these changes
were not visible to the naked eye, and the risk of any
progression to carcinoma was not known. Though this same
study of persons with and without GERD reported a lack
of significant differences in salivary flow rates, buffering
capacity, and pH values [61], the more recent large case-
control study found a significant association between GERD
and xerostomia [60].

8. Interaction between
Endogenous Acid and Saliva

Although the functions of saliva are too many to detail in this
paper, it is well established that saliva plays a major protective
role in the oral cavity [62]. Apart from providing all the raw
ingredients necessary for the repair of hard tooth tissue by
remineralization [63], the buffering action of saliva in both
the resting and particularly in the stimulated states is one of
its most important attributes [62]. These two functions are
enhanced by saliva’s antibacterial and antifungal properties
that inherently control the nature of the oral biofilm acting as
a protective entity. It can be argued that these and many other
functions are evidence of a “balanced” symbiotic relationship
existing between the host and the oral biofilm. A breakdown
of this balance often leads to disease.

The functions outlined are often used as evidence for the
protective role of saliva against endogenous and exogenous
acids. Although this protective role appears logical, it can be
argued that saliva has little protective ability in severe erosive
conditions. Endogenous acid has a pH of approximately 1.2,
which is well below the critical pH for dissolution of hydrox-
yapatite and fluorapatite [64, 65]. And the acid often acts on
tooth structure in situations where the saliva is compromised
both in quality and quantity. Even if the saliva is not
compromised, such low pH acidic environments cause rapid
demineralization of tooth surfaces for a number of reasons.

The dynamic interaction between different fluids such as
various acids and saliva is determined by several factors, the
most important being the surface tension of each fluid and
the contact angles that each advancing fluid front forms with
the tooth surface (Figure 2). As a general rule, acids will dis-
place saliva easily, while saliva will not readily displace acids
[66]. There is a strong case that the presence of saliva has no
direct benefit or protection against endogenous acid erosion,
which may occur initially when only resting saliva is present.

In addition, the surfaces of the teeth during active
endogenous acid erosion are largely devoid of protective

biofilm and stains due to gastric acid, and also possible
proteolytic pepsin. This is an “open system” where the raw
products resulting from hard tooth tissue demineralization
are lost and are not available to be reused when the oral pH
increases back to normal levels [67]. The chemical action
causes rapid dissolution of exposed tooth surfaces that is
distinctly different from the subsurface dissolution seen with
plaque acids [68]. Under magnification, the eroded tooth
surfaces will show damage to the ends of the enamel rods,
which will only remineralize after the endogenous acid has
been cleared from the oral cavity and after salivary pellicle
has been reestablished on the tooth surfaces.

The addition of remineralizing ions to the eroded
surfaces will only result in the repair of the ends of the
enamel rods as the “gross” surface damage is irreversible.
Even when fluorapatite is present in high concentrations, the
remineralized surfaces provide little or no extra protection
to further sustained demineralization as the endogenous
acid has a pH well below 4.5, which is the approximate
critical pH for fluorapatite dissolution [69]. These findings
are supported by observations that fluoride-based and
casein-based (amorphous calcium phosphate stabilized by
casein-phosphopeptide) remineralizing agents provide some
protection against erosion at pH 3.0 [70–73], but not at a
highly erosive environment of pH 1.2 [74, 75].

As a result, the principal method for preventing the
endogenous tooth erosion from occurring is to eliminate
the primary cause, requiring a close relationship with the
patient’s medical practitioner. The success of medical inter-
vention is quite variable among patients, and their treatment
is often difficult to manage. From the dental practitioner’s
perspective, any possible exogenous dietary and other acids
that may be contributing to the problem also need to be
eliminated and saliva production stimulated.

In addition to attempting to eliminate the primary cause,
the placement of any physical barrier between the tooth
surfaces and the endogenous acid should be of benefit. Many
“metal ion” fluorides such as SnF, AgF, TiF4, and FeF3 have
been tested and do show some laboratory evidence of a
protective effect [76]. The mechanism of action is probably
not by the fluoride ion itself, but by the metal ion precipitate
that forms a physical barrier to the acid. Other dental
products that can be used as, often, temporary physical
barriers to acid include resin-based viscous varnishes,
resin-based dentin bonding agents [77], and a thin layer
of an unfilled/lightly filled clear adhesive resin sealant or
glass-ionomer cement [78]. Alternatively, casein-based
remineralizing paste acts as an artificial biofilm that contains
all the raw products for tooth tissue remineralization [79].
However, surface barrier products generally require testing
in independent controlled trials to identify their efficacy and
long-term clinical cost effectiveness.

9. Association between
Tooth Erosion and GERD

Dental erosion or, more correctly, corrosion is described
as tooth surface loss produced by chemical or electrolytic
processes of nonbacterial origin, which usually involves
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Figure 2: When dental pellicle is removed by sustained endogenous acid attacks, then demineralized tooth products are lost to the oral
environment. HA: hydroxyapatite. (Amended Figure 2.5, page 15, from Smales et al. [67]. With copyright permission from Jaypee Medical
Publishers 2011.)

acids [80]. The acids are of endogenous (intrinsic) origin
from refluxed gastric juices (Figure 3) and/or of exogenous
(extrinsic) origin from usually dietary, medicinal, occupa-
tional, and recreational sources. The erosive potential of the
acids is modified by many secondary factors.

As part of what is known as the Montreal consensus,
44 physicians from 18 countries voted on the statement
that “The prevalence of dental erosions, especially on the
lingual and palatal tooth surfaces, is increased in patients
with GERD” [17]. Although the result was a high-grade
consensus agreement of 96%, only 42% of the votes “agreed
strongly” with the statement, 35% “agreed with minor
reservations,” and 19% “agreed with major reservations.”
Only three selected clinical studies quoted to support
the statement [81–83]. The global consensus report also
stated that extraesophageal syndromes rarely occurred in
isolation without concomitant manifestations of the typical
esophageal syndrome, that these association syndromes are
usually multifactorial with GERD as one of several poten-
tial aggravating cofactors, and that data substantiating a
beneficial effect of reflux treatments on the extraesophageal
syndromes are weak [17].

Subsequently, eight pediatric gastroenterologists using
a revision of the original Montreal protocol voted on the
statement that “GERD may cause dental erosions in pediatric
patients” [18]. The result was a low-grade consensus agree-
ment of 100%, with just 12.5% of the votes “agreed strongly,”
37.5% “agreed moderately,” and 50% “just agreed.” One
systematic review article [7] and four other selected clinical
articles [84–87] were quoted to support the statement. Den-
tal erosion was only one of two extraesophageal syndromes

considered to be definitely associated with GERD in pediatric
patients, the other being Sandifer’s syndrome (torticollis)
[18]. Asthma and laryngopharyngeal syndromes were not
considered to be definitely associated with GERD in children,
unlike their established associations in adults [17]. The
reporting of symptoms caused by GERD is likely to be unre-
liable in children under the age of approximately eight years
and in older persons lacking sufficient cognitive abilities.

Tooth erosion associated with GERD was apparently first
reported in 1933 [88]. However, apart from the subsequent
occasional publications of case reports, until the 1990s few
research publications evaluated this association. Several of
these later research studies were discussed by Bartlett [4]
and by Wong et al. [8] who concluded, respectively, that
there was a clear though variable relationship between GERD
and dental erosion and that controlled clinical studies were
required to show that the progression of dental erosion
ceased after adequate gastric acid suppression therapy in
patients with GERD.

A recent systematic review involving 17 eligible mainly
observational and case-control studies of GERD and dental
erosion found a strong association between the two condi-
tions [7]. The median prevalence of dental erosion in GERD
patients was 24%, and the median prevalence of GERD
in adults and in children with dental erosions was 32.5%
and 17%, respectively. However, there were wide percentage
ranges and degrees of tooth tissue loss present among
the study populations, and not all studies and evaluations
of patients employed esophageal endoscopy and/or 24-h
esophageal pH-metry. One other recent systemic review
also found a higher prevalence of dental erosion, asthma,
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(a) (b)

Figure 3: Frontal and maxillary occlusal views of severe tooth erosion caused by endogenous acid in a patient with GERD. (Courtesy of Dr.
A. Dickson.)

pneumonia, and sinusitis in children with GERD compared
with healthy controls [5]. The authors could not find any
eligible studies in children with GERD that investigated
associations with bronchitis, cough, laryngitis, pharyngitis,
and sleep apnea.

A recent study of 249 referred children and adult
Icelandic persons, of whom 91 had molar erosion and/or
symptoms of gastric reflux and had undergone gastroscopy,
esophageal manometry, and 24-h esophageal pH-metry,
found a significant association between diagnosed GERD
and dental erosion [48]. The severity of dental erosion in
the incisor and the molar teeth was assessed separately using
modified criteria from an erosion index [89]. Step-wise
logistic regression analyses showed significant associations
in particular between diagnosed regurgitation and palatal
erosion, the daily consumption of more than 0.5 L of
acidic drinks, and a low buffer capacity of saliva. However,
combining all of the factors measured in the study only
provided a low explanatory value of 15.1% for the variability
in erosion scores.

By contrast, a large case-control study of men and women
aged from 19 to 78 years found no significant associations
between GERD and either dental erosion or tooth sensitivity,
but significant associations between GERD and xerostomia,
oral acid/burning sensation, subjective halitosis, and ery-
thema of the palatal mucosa and uvula [60]. GERD was
diagnosed in all new patients seen at the Gastroenterology
Department using esophagogastroduodenoscopy and 24-h
esophageal pH-metry. And dental erosion was evaluated
using a Tooth Wear Index [90], which is not restricted to
assessing tooth tissue loss from erosion alone. However,
only 9% of the 200 patients with GERD and 13% of
the 100 healthy matched controls showed evidence of any
dental erosion (tooth tissue loss). Both groups of subjects
had similar tooth sensitivities of 32.5% and 32%. It was
postulated that a significant portion of cases (with dental
erosion) reported in the literature could have consisted of
patients with a particularly abundant reflux or who were
unresponsive to pharmacological therapy [60].

The first randomized clinical trial to demonstrate quan-
titatively the short-term suppression of active tooth erosion
following the treatment of medically confirmed GERD with
a proton pump inhibitor (PPI) has recently been published

[91]. Subjects with other causes for dental erosion, and who
failed to meet additional selection criteria, were excluded
from the study. Optical coherence tomography was used to
quantify the extent of enamel demineralization at multiple
specific sites in specific visibly eroded teeth both before and
after three weeks of esomeprazole therapy. In this double-
blinded study, there was significantly less enamel thickness
lost in the 14 available adult subjects taking esomeprazole
(mean = 7.20 μm) than in the 15 adult subjects taking a
placebo (mean = 15.25 μm). Evidence of a mild reminer-
alization of eroded teeth in the esomeprazole subjects was
shown by a decreased optical reflectance at a depth of 25 μm.
Because nocturnal acid control may be inadequate with PPIs,
some erosion from GERD may have continued during sleep.
Most of the patients had mildly symptomatic GERD, as they
presented with a primary complaint of dental erosion.

Studies that attempt to associate tooth erosion with the
findings from esophageal pH-metry often only assess gastric
reflux occurring classically 5 cm above the LES. However,
the refluxate will only enter the oropharynx once the upper
esophageal sphincter (UES) has been breached. A significant
correlation of palatal tooth erosion with acid reflux was
demonstrated in a study of 31 adult patients that employed
24-h esophageal pH-metry with dual electrodes located 5 cm
above the LES and 2 cm above the UES [92]. There were
significant correlations between the proportion of the total
time (and also of the supine time) that pharyngeal pH was
below 5.5, and the proportion of teeth with obvious palatal
wear scores. (The critical pH for enamel demineralization
is approximately 5.5.) The authors concluded that the pH
(below 4.0) criterion accepted for the diagnosis of GERD at
5 cm above the LES was probably not relevant to the pharynx.

Using male Wistar rats, an animal model was developed
to determine the effects of forced and continuously occur-
ring gastroduodenal reflux, following esophagojejunostomy
without gastrectomy, on tooth erosion [93]. After 30 weeks,
the pH of the gastric contents in the forced reflux and sham-
operated control rats was 3.70 and 3.36, respectively. At this
time the pH of the esophageal contents in the sacrificed reflux
rats was 6.93 and was associated with extensive tooth erosion
in the molar teeth. (Almost no tooth erosion was observed
in the sham-operated rats.) The refluxate was a mixture
of saliva, gastric, and duodenal contents that included
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bile secretions and probably also acidic vapor. In humans,
high intraesophageal refluxates have been shown to contain
a mixed liquid-gas composition and to be significantly
associated with GERD symptoms irrespective of an LES
recorded pH above or below 4.0 [94]. Endogenous tooth
erosion in the absence of GERD symptoms (silent refluxers)
could be caused by acidic droplets/vapors and gases.

When compared with a control group of healthy subjects,
an increased prevalence of tooth erosions was significantly
associated with an increased frequency of respiratory symp-
toms in a recent clinical study of 88 carefully selected adult
patients with medically confirmed GERD [95]. Palatal ero-
sion of maxillary incisors was found in 80% of patients with
frequent respiratory symptoms such as chronic cough, laryn-
gitis, and asthma. Strong associations have been reported
between GERD and asthma [17] and between asthma and
tooth erosion [96]. Some of these associations are linked
to the systemic effects of ingested and inhaled drugs in
decreasing the saliva flow and LES tonus and to the acidic
nature of powdered topical drugs contained in puffers that
are used to treat asthma.

10. Conclusions

GERD is an increasingly common and potentially seri-
ous condition, with various extraesophageal adverse health
effects that dental practitioners should be aware of. Clinicians
should also be aware of the predisposing risk factors for
GERD and its classical esophageal and extraesophageal
symptoms and signs. However, not all affected persons will
have the classical symptoms of gastric regurgitation. Dentists
may be the first persons to diagnose the possibility of GERD
in these “silent refluxers,” particularly when observing unex-
plained instances of tooth erosion, which might be accom-
panied by coexisting hyposalivation. Numerous laboratory,
and mainly case-control and observational clinical studies in
adults and children, have shown a clear though variable rela-
tionship between GERD and tooth erosion. However, further
randomized clinical trials are required to demonstrate that
the progression of dental erosion reduces or ceases following
gastric acid suppression therapy in patients with confirmed
GERD. Collaborative medical and dental management of
patients with GERD is strongly advocated.

Acknowledgments

The authors gratefully acknowledge the constructive com-
ments provided by Professor Ronnie Fass, Head of the
Neuro-Enteric Clinical Research Group, Southern Arizona
VA Health Care System, GI Section, Tucson, Ariz, USA. They
would also like to acknowledge the financial support for
research on tooth erosion provided by the Australian Dental
Research Foundation and by Dentsply Australia Pty Ltd.

References

[1] T. Jaeggi and A. Lussi, “Prevalence, incidence and distribution
of erosion,” Monographs in Oral Science, vol. 20, pp. 44–65,
2006.

[2] G. A. Prasad, A. Bansal, P. Sharma, and K. K. Wang,
“Predictors of progression in barrett’s esophagus: current
knowledge and future directions,” The American Journal of
Gastroenterology, vol. 105, no. 7, pp. 1490–1502, 2010.

[3] J. H. Rubenstein and J. B. Taylor, “Meta-analysis: the
association of oesophageal adenocarcinoma with symptoms
of gastro-oesophageal reflux,” Alimentary Pharmacology and
Therapeutics, vol. 32, no. 10, pp. 1222–1227, 2010.

[4] D. Bartlett, “Intrinsic causes of erosion,” Monographs in Oral
Science, vol. 20, pp. 119–139, 2006.

[5] V. Tolia and Y. Vandenplas, “Systematic review: the extra-
oesophageal symptoms of gastro-oesophageal reflux disease
in children,” Alimentary Pharmacology and Therapeutics, vol.
29, no. 3, pp. 258–272, 2009.

[6] R. Fass, S. R. Achem, S. Harding, R. K. Mittal, and E.
Quigley, “Review article: supra-oesophageal manifestations of
gastro-oesophageal reflux disease and the role of night-time
gastro-oesophageal reflux,” Alimentary Pharmacology and
Therapeutics, vol. 20, no. 9, pp. 26–38, 2004.

[7] F. Pace, S. Pallotta, M. Tonini, N. Vakil, and G. Bianchi Porro,
“Systematic review: gastro-oesophageal reflux disease and
dental lesions,” Alimentary Pharmacology and Therapeutics,
vol. 27, no. 12, pp. 1179–1186, 2008.

[8] B. C.-Y. Wong, W. M. Wong, and R. Smales, “Gastroesophageal
reflux disease and tooth erosion,” in Tooth Erosion: Prevention
and Treatment, K. H. K. Yip, R. J. Smales, and J. A. Kaidonis,
Eds., pp. 47–53, Jaypee Brothers Medical, New Delhi, India,
2006.

[9] J. Pisegna, G. Holtmann, C. W. Howden et al., “Review article:
oesophageal complications and consequences of persistent
gastro-oesophageal reflux disease,” Alimentary Pharmacology
and Therapeutics, vol. 20, supplement 9, pp. 47–56, 2004.

[10] C. M. Fenoglio-Preiser, A. E. Noffsinger, G. N. Stemmermann,
P. E. Lantz, and M. B. Listrom, “The nonneoplastic
esophagus,” in Gastrointestinal Pathology: An Atlas and Text,
pp. 31–91, Lippincott-Raven, Philadelphia, Pa, USA, 1999.

[11] W. C. Orr, “Therapeutic options in the treatment of nighttime
gastroesophageal reflux,” Digestion, vol. 72, no. 4, pp. 229–238,
2005.

[12] W. C. Orr, “Sleep issues in gastroesophageal reflux disease:
beyond simple heartburn control,” Reviews in Gastroentero-
logical Disorders, vol. 3, supplement 4, pp. S22–S29, 2003.

[13] A. M. Pedersen, A. Bardow, S. B. Jensen, and B. Nauntofte,
“Saliva and gastrointestinal functions of taste, mastication,
swallowing and digestion,” Oral Diseases, vol. 8, no. 3, pp.
117–129, 2002.

[14] C. Fox and M. Lombard, “Oesophagus,” in Gastroenterology,
pp. 61–71, Mosby, London, UK, 2nd edition, 2004.

[15] F. A. Herbella and M. G. Patti, “Gastroesophageal reflux
disease: from pathophysiology to treatment,” World Journal of
Gastroenterology, vol. 16, no. 30, pp. 3745–3749, 2010.

[16] R. C. Orlando, “Reflux esophagitis,” in Textbook of Gastroen-
terology, T. Yamada, D. H. Alpers, L. Laine, C. Owyang, and
D. W. Powell, Eds., pp. 1235–1263, Lippincott Williams and
Wilkins, Philadelphia, Pa, USA, 1999.

[17] N. Vakil, S. V. van Zanten, P. Kahrilas et al., “The Montreal
definition and classification of gastroesophageal reflux disease:
a global evidence-based consensus,” The American Journal of
Gastroenterology, vol. 101, no. 8, pp. 1900–1943, 2006.

[18] P. M. Sherman, E. Hassall, U. Fagundes-Neto et al., “A Global,
evidence-based consensus on the definition of gastroesophag-
eal reflux disease in the pediatric population,” The American
Journal of Gastroenterology, vol. 104, no. 5, pp. 1278–1295,
2009.



8 International Journal of Dentistry

[19] C. Farup, L. Kleinman, S. Sloan et al., “The impact of noctur-
nal symptoms associated with gastroesophageal reflux disease
on health-related quality of life,” Archives of Internal Medicine,
vol. 161, no. 1, pp. 45–52, 2001.

[20] R. Shaker, D. O. Castell, P. S. Schoenfeld, and S. J. Spechler,
“Nighttime heartburn is an under-appreciated clinical prob-
lem that impacts sleep and daytime function: the results of a
Gallup survey conducted on behalf of the American Gas-
troenterological Association,” The American Journal of Gas-
troenterology, vol. 98, no. 7, pp. 1487–1493, 2003.

[21] C. Reimer and P. Bytzer, “A population-based survey to assess
troublesome symptoms in gastroesophageal reflux disease,”
Scandinavian Journal of Gastroenterology, vol. 44, no. 4, pp.
394–400, 2009.

[22] M. A. Eloubeidi and D. Provenzale, “Health-related
quality of life and severity of symptoms in patients with
Barrett’s esophagus and gastroesophageal reflux disease
pa-ztients without Barrett’s esophagus,” The American Journal
of Gastroenterology, vol. 95, no. 8, pp. 1881–1887, 2000.

[23] W. C. Orr, “Review article: sleep-related gastro-oesophageal
reflux as a distinct clinical entity,” Alimentary Pharmacology
and Therapeutics, vol. 31, no. 1, pp. 47–56, 2010.

[24] R. Dickman, S. Parthasarathy, I. B. Malagon et al.,
“Comparisons of the distribution of oesophageal acid expo-
sure throughout the sleep period among the different gastro-
oesophageal reflux disease groups,” Alimentary Pharmacology
and Therapeutics, vol. 26, no. 1, pp. 41–48, 2007.

[25] S. Brunton and J. McGuigan, “Diagnostic challenges:
differentiating nighttime GERD,” The Journal of Family
Practice, vol. 54, no. 12, pp. 1073–1078, 2005.

[26] W. C. Orr, “Sleep and gastroesophageal reflux: what are the
risks?” American Journal of Medicine, vol. 115, supplement 3,
pp. 109S–113S, 2003.

[27] S. K. Dutta, K. Agrawal, and M. A. Mahmoud, “Modulation
of salivation and heartburn in response to the site of acid
infusion in the human oesophagus,” Alimentary Pharmacology
and Therapeutics, vol. 32, no. 6, pp. 795–800, 2010.

[28] N. M. Thie, T. Kato, G. Bader, J. Y. Montplaisir, and G. J.
Lavigne, “The significance of saliva during sleep and the
relevance of oromotor movements,” Sleep Medicine Reviews,
vol. 6, no. 3, pp. 213–227, 2002.

[29] W. C. Orr and M. J. Harnish, “Sleep-related gastro
esophageal reflux: provocation with a late evening meal and
treatment with acid suppression,” Alimentary Pharmacology
and Therapeutics, vol. 12, no. 10, pp. 1033–1038, 1998.

[30] R. Fass, “The relationship between gastroesophageal reflux
disease and sleep,” Current Gastroenterology Reports, vol. 11,
no. 3, pp. 202–208, 2009.

[31] D. O. Castell, J. A. Murray, R. Tutuian, R. C. Orlando, and
R. Arnold, “Review article: the pathophysiology of gastro-
oesophageal reflux disease—oesophageal manifestations,” Ali-
mentary Pharmacology and Therapeutics, vol. 20, supplement
9, pp. 14–25, 2004.

[32] R. Schey, R. Dickman, S. Parthasarathy et al., “Sleep depriva-
tion is hyperalgesic in patients with gastroesophageal reflux
disease,” Gastroenterology, vol. 133, no. 6, pp. 1787–1795,
2007.

[33] R. Dickman, C. Green, S. S. Fass et al., “Relationships between
sleep quality and pH monitoring findings in persons with
gastroesophageal reflux disease,” Journal of Clinical Sleep
Medicine, vol. 3, no. 5, pp. 505–513, 2007.

[34] W. J. Dodds, J. Dent, and W. J. Hogan, “Mechanisms of
gastroesophageal reflux in patients with reflux esophagitis,”

The New England Journal of Medicine, vol. 307, no. 25, pp.
1547–1552, 1982.

[35] C. Fox and M. Lombard, “Indigestion,” in Gastroenterology,
pp. 3–8, Mosby, Edinburgh, UK, 2nd edition, 2004.

[36] A. J. Ing, M. C. Ngu, and A. B. X. Breslin, “Obstructive sleep
apnea and gastroesophageal reflux,” American Journal of
Medicine, vol. 108, supplement 4, pp. 120S–125S, 2000.

[37] W. C. Orr, R. Heading, L. F. Johnson, and M. Kryger, “Review
article: sleep and its relationship to gastro-oesophageal reflux,”
Alimentary Pharmacology and Therapeutics, Supplement, vol.
20, supplement 9, pp. 39–46, 2004.

[38] I. Hirano, “Review article: modern technology in the diagnosis
of gastro-oesophageal reflux disease—bilitec, intraluminal
impedance and Bravo capsule pH monitoring,” Alimentary
Pharmacology and Therapeutics, vol. 23, supplement 1, pp.
12–24, 2006.

[39] G. H. Koek, J. Tack, D. Sifrim, T. Lerut, and J. Janssens,
“The role of acid and duodenal gastroesophageal reflux in
symptomatic GERD,” The American Journal of Gastroenterolo-
gy, vol. 96, no. 7, pp. 2033–2040, 2001.

[40] M. F. Vaezi and J. E. Richter, “Duodenogastroesophageal reflux
and methods to monitor nonacidic reflux,” American Journal
of Medicine, vol. 111, supplement 8, pp. 160S–168S, 2001.

[41] J. C. Rabine and T. T. Nostrant, “Oral manifestations of
gastrointestinal diseases,” in Atlas of Gastroenterology, T.
Yamada, D. H. Alpers, A. N. Kalloo et al., Eds., pp. 839–845,
Blackwell Publishing, Oxford, UK, 4th edition, 2009.

[42] R. Fass, J. J. Ofman, I. M. Gralnek et al., “Clinical and
economic assessment of the omeprazole test in patients with
symptoms suggestive of gastroesophageal reflux disease,”
Archives of Internal Medicine, vol. 159, no. 18, pp. 2161–2168,
1999.

[43] R. Sweis, M. Fox, A. Anggiansah, and T. Wong, “Prolonged,
wireless pH-studies have a high diagnostic yield in patients
with reflux symptoms and negative 24 h catheter-based
pH-studies,” Neurogastroenterology and Motility, vol. 23, no.
5, pp. 419–426, 2011.

[44] A. Chandra, R. Moazzez, D. Bartlett, A. Anggiansah, and
W. J. Owen, “A review of the atypical manifestations of
gastroesophageal reflux disease,” International Journal of
Clinical Practice, vol. 58, no. 1, pp. 41–48, 2004.

[45] J. Lee, A. Anggiansah, R. Anggiansah, A. Young, T. Wong,
and M. Fox, “Effects of age on the gastroesophageal junction,
esophageal motility, and reflux disease,” Clinical Gastroen-
terology and Hepatology, vol. 5, no. 12, pp. 1392–1398, 2007.

[46] J. Wenner, F. Johnsson, J. Johansson, and S. Öberg, “Wireless
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[83] J. V. Muñoz, B. Herreros, V. Sanchiz et al., “Dental and
periodontal lesions in patients with gastro-oesophageal
reflux disease,” Digestive and Liver Disease, vol. 35, no. 7, pp.
461–467, 2003.

[84] A. Dahshan, H. Patel, J. Delaney, A. Wuerth, R. Thomas, and
V. Tolia, “Gastroesophageal reflux disease and dental erosion
in children,” Journal of Pediatrics, vol. 140, no. 4, pp. 474–478,
2002.

[85] V. Linnett, W. K. Seow, F. Connor, and R. Shepherd, “Oral
health of children with gastro-esophageal reflux disease: a
controlled study,” Australian Dental Journal, vol. 47, no. 2, pp.
156–162, 2002.

[86] T. Jensdottir, I. B. Arnadottir, I. Thorsdottir et al.,
“Relationship between dental erosion, soft drink
consumption, and gastroesophageal reflux among Icelanders,”
Clinical Oral Investigations, vol. 8, no. 2, pp. 91–96, 2004.
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