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ABSTRACT

Dental erosion is a contemporary disease, mostly because of the change of the eating patterns that currently exist in
society. It is a “silent” and multifactorial disease, and is highly influenced by habits and lifestyles.The prevalence of dental
erosion has considerably increased, with this condition currently standing as a great challenge for the clinician, regarding
the diagnosis, identification of the etiological factors, prevention, and execution of an adequate treatment.This article
presents a dental erosion review and a case report of a restorative treatment of dental erosion lesions using a
combination of bonded ceramic overlays to reestablish vertical dimension and composite resin to restore the worn
palatal and incisal surfaces of the anterior upper teeth. Adequate function and esthetics can be achieved with this
approach.

CLINICAL SIGNIFICANCE

It is essential for the practitioner to establish a correct and early diagnosis of dental erosion, as this condition is of
growing concern and is becoming more prevalent in current society.

(J Esthet Restor Dent ••:••–••, 2011)

INTRODUCTION

Tooth wear seems to be one of the most concerning
problems of the current dental practice. The etiology of
this wear comes from well-known mechanical
processes, such as attrition, abrasion, and abfraction,
and also from a chemical process, which is dental
erosion.

Currently, dental erosion is a great challenge for the
practitioner as far as diagnosing the condition,
identifying the etiological factors, executing an adequate
treatment, and instituting preventive measures.

Tooth wear, when noticed, is frequently diagnosed as
abrasion and attrition. Usually, when lesions caused by
erosive challenges are identified, the lesions are already
in advanced stages. There are occasions when patients
notice that their teeth are shortened or thinner before
their dentists.

As a matter of fact, most practitioners do not seem to
be sufficiently informed and are unable to fully establish
a correct diagnosis regarding the etiology of tooth wear.
Although there is usually not only one etiological factor
contributing to the loss of hard dental tissue, it is
important that dental practitioners be aware that
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erosion lesions are sequela from intrinsic or extrinsic
acid attacks and may possibly be identified years after
the beginning of the erosion activity.

This article reviews the literature with regards to the
main aspects of dental erosion while also presenting a
case report of a restorative treatment of dental erosion
lesions using a combination of bonded ceramic overlays
to reestablish vertical dimension and composite resin to
restore the worn palatal and incisal surfaces of the
anterior upper teeth.

DENTAL EROSION

Dental erosion is a progressive loss of dental tissue
caused by chemical processes without bacterial
involvement.1 It is a “silent,” multifactorial disease, and
is highly influenced by personal habits and lifestyles.
Erosion can be attributed to numerous factors,
including the ingestion of organic and inorganic acidic
substances. Acids responsible for dental erosion come
from intrinsic and extrinsic sources.1–3

Extrinsic erosion is caused by exogenous acids that may
come from an individual’s diet, work environment,
swimming pool water, medicine, and from some drugs.2

Intrinsic erosion is the result of endogenous acids that
contact teeth during vomiting and regurgitation events,
especially in patients who suffer from gastroesophageal
reflux disease (GERD) and bulimia nervosa.1,2

Dental erosion occurs either by hydrogen ion attack or
by the action of chelating anions.4 The process of dental
erosion is modulated by various determinants and
modifying factors, which will be discussed further.

BIOLOGICAL CONSEQUENCES

The result of constant exposure to erosive agents
promotes changes in the physical properties of dental
structures. The result of episodic exposure to acidic
challenges decreases enamel microhardness,5 which
upon exposure to mechanical forces, makes the dental
surface more susceptible to disruption. When the

erosive process occurs in dentin, the dentin-pulp
complex responds to the attacks by producing
reactionary dentin and occluding the dentinal tubules in
order to compensate for the tissue loss. If the
progression of dental erosion surpasses the dentin-pulp
complex reparative capacity, there might be some
complications, such as toothache, dental sensitivity,
pulpal inflammation, pulp necrosis, and periapical
lesions.3

CLINICAL CONSEQUENCES

The primary signs of dental erosion are: diminishing
enamel luster; absence of macroscopic plaque; and
dental surfaces that have become rounded and polished
because of the loss of microanatomy. After the initial
dental erosion, some features can be observed, such as
smoothing out of developmental pits and grooves,
dentin exposure, prominent restorations that are
elevated above the surrounding tooth structure, and
well-defined concavities of dentin on the occlusal and
incisal surfaces, especially on the cusp tips of the
posterior teeth.6 In more advanced cases, extensive
mineral loss can lead to tooth shortening, which can
promote functional and esthetic problems.

Convex teeth areas, such as proximal ridges, gradually
become flat and even concave. In severe cases, dental
morphology can be totally lost (Figures 1 and 2). Dental
erosion in patients who have exposed root dentin may

FIGURE 1. Dental erosion by abusive intake of citric fruit
juices. Maxillary teeth display loss of microanatomy and
polished and rounded surfaces. Observe the dentin exposure
on the labial surface of the maxillary right incisor.The
proximal ridges of the maxillary left and right incisors present
a diminishing of the natural convexity.
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develop more rapidly because of the lower dissolution
resistance that dentin presents.3–6 If there is no
professional intervention and elimination of the
etiological factors, the outcome of this disease may be
the total loss of the teeth.

PREVALENCE AND INCIDENCE OF
DENTAL EROSION

Both the prevalence and incidence of dental erosion
have considerably increased, mainly among young
adults and children.1–10 Lifestyles have changed through
the decades, with the consumption of acidic food and
carbonated beverages increasing.7 Currently, fast food
consumption is a common factor in society. The
popularity of this kind of food item, along with the
appealing publicity that seduces children and teenagers,
may bring some harmful consequences, such as dental
erosion.

Soft drink consumption in the United States increased
by 300% over the last 20 years, with serving sizes
increasing from 185 g in the 1950s to 340 g in the 1960s
and to 570 g in the late 1990s.11 It seems unavoidable
that the increase of soft drink intake may lead to
pathological tooth wear. Around 1995, between 56 and
85% of school-aged children in the United States
consumed at least one soft drink daily.12

Generally, specific epidemiological surveys of tooth
wear are not routinely undertaken. There are, however,
some isolated surveys that evaluate the prevalence of
dental erosion in different populations with different
ages.9–13 It is difficult to establish comparisons between
surveys because of the different samples and evaluation
methods applied on each one. However, there is a
consensus that tooth wear is a common condition and
can be started as soon as the first tooth surface reaches
the oral cavity and is exposed to erosive agents.
Deciduous and permanent teeth are equally involved.
Additionally, if occlusal stress is present, the
progression of erosion increases considerably.9 Erosive
tooth wear can be found on every surface of all teeth.9

Taking into consideration the social and cultural
differences of each population, a common factor is
evident: there is a greater prevalence of dental erosion
among young adults and children, which is associated
with the consumption of acidic food and beverages,
psychosomatic eating disorders, and current lifestyles.

RISK GROUPS

Risk groups are comprised of those individuals that
present one or more dental erosion etiological factor(s).
In order to didactically organize them, they have been
divided into extrinsic and intrinsic erosion groups. It is
important though to emphasize that there are patients
who present both types of dental erosion (extrinsic and
intrinsic) simultaneously.

Extrinsic Erosion

This group is constituted by those whose teeth are
frequently attacked by exogenous acids, such as soft
drinks, fruit juices, pickles, fresh fruits, and yogurt;
essentially, the majority of food that presents a pH
lower than the critical value for enamel
demineralization.14 Also included in this group are
individuals that: abusively use vinegar on salads or low
pH mouth rinses15; are daily exposed to acidic working
environment16; frequently ingest electrolytic
replenishers2; and take illicit drugs, such as
methamphetamine, cocaine, and ecstasy1,17,18 (Figure 1).

FIGURE 2. Dental erosion by bulimia nervosa. Observe the
loss of occlusal enamel, dentin exposure and prominent
amalgam restorations on the molars. Dentin concavities, which
are present on the occlusal surfaces of the molars, are formed
due to the difference of the acid dissolution progression
between dentin and the surrounding enamel.The premolar
occlusal surface displays a loss of microanatomy, diminishing
enamel luster, and a smoothing out of the developmental pits
and grooves.
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Intrinsic Erosion

This group is composed of patients whose teeth are
attacked by endogenous acids during recurrent
vomiting, regurgitation, or reflux. Gastroesophageal
reflux, which is the major cause of intrinsic erosion, is a
condition where acids from the stomach are
regurgitated back to the oral cavity,9 thus resulting in
constant oral exposure to an acidic environment.1

Psychosomatic eating disorders, such as bulimia
nervosa and anorexia nervosa, are usually the main
cause of vomiting and regurgitation. Also included in
this group are alcoholics and patients that present
gastrointestinal disorders, hiatal hernia, peptic, and
duodenal ulcers.2–6 (Figures 2–4).

PATHOPHYSIOLOGY OF DENTAL EROSION

The direct effect of the attack of hydrogen ions on the
tooth surface is to combine with carbonate, phosphate,
or both, and detach the mineral ions from the surface.
Some acids, such as citric acid, have a more complex
interaction. In water, these acids are dissociated into
hydrogen ions and acidic anions. The hydrogen ions act
exactly as aforementioned and directly attack the crystal
surface whereas the acidic anions act by chelating
calcium from the crystal surface. These acids have a
double action and are very damaging to the tooth
surface.4

How Enamel and Dentin React to Attacks
by Erosive Agents

In order to contact enamel, a solution has to diffuse
through the acquired pellicle, only then can it interact
with enamel.7 On the enamel surface, the hydrogen ions
or chelating agents start to dissolve the enamel crystal.
First, the prism sheath area and then the prism core are
dissolved, leaving a honeycomb appearance. Then, fresh
and unionized acids will diffuse into the interprismatic
areas of enamel and further dissolve the mineral
content underneath the surface. This further acid attack
will lead to an outflow of ions and a rise in the pH in
the surrounding environment.3,4,7 When there is an
elevation of the surrounding pH because of saturation
of mineral ions, remineralization of the softened tissues
that have not been directly etched away may occur,
from the released ions and from other sources. If

FIGURE 3. Dental erosion by gastroesophageal reflux disease. Observe the loss of palatal enamel of the maxillary teeth. Notice
that, when occluding (right), the mandibular right incisor exclusively contacts the amalgam restoration of the maxillary right incisor.

FIGURE 4. Young patient with gastroesophageal reflux
disease. Notice that, due to the intrinsic source of acids, the
palatal surfaces are worn more rapidly than the labial surfaces,
thus leaving the incisal third with a sharpened blade
appearance.
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fluoride is present in the oral environment, fluorapatite
can be formed, which is less soluble than the original
enamel.4

The effects of acids on dentin have been largely
investigated, as the length of time that teeth remain in
the mouth is increasing, with dentinal coronal and root
exposures that are gradually becoming common
because of tooth wear and gingival recession,
respectively.19 The initial events in dentin
demineralization are similar to those that occur in the
enamel. However, because of the high organic content
of dentin, diffusion of the demineralizing agents and
mineral ions are partially stopped by the organic matrix,
which acts as a barrier to acid diffusion and mineral
release, thereby reducing the progression of the erosive
process.12–24 This difference in erosive processes
between enamel and dentin does not mean that the
erosive process in dentin is slower, on the contrary, the
dentin substrate is more susceptible to acid dissolution
because its hydroxyapatite crystals are smaller than that
of enamel. Thus, there is a larger susceptible area for
acid attack,4 as found in dentinal concavities, or dental
erosion clinical signs that are formed because of the
different rates of acid dissolution between dentin and
the surrounding enamel.

DETERMINANT FACTORS ON THE
MODULATION OF DENTAL EROSION

The development of dental erosion is strongly
influenced by determinant factors (biological, chemical,
and behavioral) and by modifying factors (knowledge,
systemic health, and socioeconomic status).

Biological Factors

Saliva
Saliva is the most important biological factor for the
modulation of dental erosion. Saliva protects teeth by
diluting and eliminating erosive agents from the oral
environment and through its acid neutralization and
buffering capacity. Saliva plays a role in reducing
demineralization by forming acquired pellicle and
aiding the adsorption of proteins and glycoproteins,

while enhancing remineralization by providing calcium,
phosphate, and fluoride to eroded enamel and dentin.25

The relevance of saliva on the erosion process may be
demonstrated by in vitro—no salivary protection and in
situ—with salivary protection comparisons. In a study
by West and colleagues26 enamel erosion was drastically
reduced, by the order of 10 times, in the in situ model.

The quantity and quality of saliva are equally important
on the modulation of erosive agent attacks on the tooth
surface. The bicarbonate level of saliva is directly
related with salivary flow; therefore, saliva produced at
low flow rates presents low pH and a reduced buffering
capacity.2 The impact of dental erosion in patients with
salivary flow deficiencies clearly demonstrates the
importance of saliva on the erosive process, which is
demonstrated in studies that have linked low buffering
capacity and salivary flow to dental erosion.27–30

Acquired Pellicle
Acquired pellicle is a protein-based layer that is rapidly
formed on the tooth surface, shortly after its removal by
tooth brushing, prophylaxis, or chemical dissolution.19

This pellicle protects teeth because it acts as a barrier,
or a semipermeable membrane, which prevents the
direct contact of erosive agents on the tooth surface
and serves as reservoir of remineralizing electrolytes,31

which may influence the development of erosion.19

With this in mind, it is important to instruct patients to
not brush their teeth immediately before consuming
acidic food or drink because it removes the acquired
pellicle, thus leaving teeth less protected.

Tooth Structure
Susceptibility to dental erosion may vary according to
each patient, as the developmental pattern of this
disease may be influenced by the clinical history of each
patient. This different developmental pattern is caused
by different situations that can impair or modify the
tooth, such as mechanical or chemical processes that
include caries, erosion, abrasion, attrition, and
abfraction.19 With regards to tooth composition,
exposure to saliva and fluorides have demonstrated
effectiveness on the remineralization of eroded enamel.
Therefore, a structural difference, such as the formation
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of fluorapatite, may influence and modulate the
development of dental erosion.32,33

There is some controversy regarding the susceptibility
of deciduous teeth to dental erosion compared to the
permanent dentition. Because of differences in
mineralization, permanent teeth are less prone to acid
dissolution than deciduous teeth.19 However, it has also
been reported that there are no differences in acid
dissolution susceptibility between these two substrates
when exposed to acidic beverages in an in vitro
comparison.34 Although there is a higher prevalence of
dental erosion among children when compared with
adults, this difference might be caused by a greater
consumption of acidic food and beverages and to the
overlap of the erosive challenge with abrasive
procedures, as the primary enamel is supposed to be
less resistant to abrasion.19,34–36

Soft Tissues
Soft tissues play a role in tooth wear. One of the most
severe manifestations of dental erosion is found on
palatal surfaces of the upper teeth due to mechanical
abrasion from the tongue on the dental tissue just after
the consumption of an erosive agent.2

BEHAVIORAL FACTORS

Although biological factors influence the response of
each person to dental erosion, behavioral patterns
influence the biological response to erosive challenges
because they are capable of modifying the oral
environment by turning it more or less susceptible to
the development of dental erosion. Behavioral aspects
influence the intensity, localization, and type of erosion
lesions.

Unhealthy Lifestyles

Alcoholic individuals may be at risk of developing
dental erosion due to the symptoms of alcoholism, such
as recurrent vomiting and gastrointestinal reflux.37

The usage of drugs such as “ecstasy”
(3,4-methylenedioxy-methamphetamine) is known for

causing tooth wear. Ecstasy users report symptoms
such as dry mouth, hyperthermia, clenching, and
grinding during dances or “raves” even hours after the
mental effects of the drugs, indicating that the physical
wear may continue for some time after the drug
consumption. The dry mouth and general hyperthermia
are usually relieved by drinking soft drinks, many of
which are acidic and thus, potentially erosive to the
teeth. The influence of grinding or clenching from
bruxist activity is heightened in a mouth with poor
salivary lubrication.17 As indicated previously, a low
salivary flow theoretically means the presence of a low
buffering capacity; thus, acid erosion is increased under
this condition. This combination of habits and
symptoms may manifest as greater levels of tooth
wear.38 The common reluctance of the patient to
admit to the use of such drugs impairs the
establishment of an accurate diagnosis and appropriate
treatment plan.

Healthy Lifestyles

Although it seems to be contradictory that a healthy
lifestyle may be linked to a disease, it is important to
emphasize that people involved in sports and exercise
may be at risk of developing dental erosion due to the
consumption of sport drinks, replenishers, fruit juices,
and other acidic beverages. The benefits of exercise
are well proven; however, exercise increases the loss of
body fluids and may lead to dehydration and a reduc-
tion of salivary flow. The need for fluid intake, to
satisfy an energy requirement, during a time of
decreased salivary flow can create a proper condition
for the development of dental erosion. The
consumption of fruits and juices is part of several diet
plans, which also may put those on such plans at
greater risk of developing dental erosion.2

Nutritional Habits

Nutrition plays a key hole in dental erosion. The
ingestion of low pH products may cause
demineralization of dental hard tissues. Dental erosion
can occur due to the frequent intake of soft drinks, fruit
juices, pickles, fresh fruits, yogurt, and other food items.
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Habits such as lemon sucking and soft drink swishing
expose enamel and dentin to an acidic environment for
a longer period of time, which may cause greater
demineralization. The consumption of acidic foods and
beverages among patients with dental erosion is higher
than among regular patients.39

Phosphoric acid, usually found in soft drinks, is
three times more erosive than organic acids. The
incidence of dental erosion in a population grows with
an increase in consumption of soft drinks. Citric,
tartaric, maleic, and lactic acids are examples of
organic acids. Citric and maleic acids are predominantly
found in fruits and in their derivate products. Tartaric
acid is present in grapes and wines. Dental erosion may
occur when any of these beverages or foods is
abused.40,41

Vegetarian diets, in which fruit consumption may be
more than 66% of the overall food intake, may lead
their followers to develop dental erosion.40

CHEMICAL FACTORS

The term “chemical factors” is used to describe
parameters inherent to erosive beverages, food, and
other products.42 The chemical properties of the food
play an important role in dental erosion. The erosive
potential of foods and beverages does not depend
exclusively on the pH value, but also upon their mineral
content, buffering capacity, and calcium-chelation
properties. The pH value and calcium and fluoride
content of a drink or foodstuff determines the degree of
mineral saturation with respect to the teeth, which is
the driving force for erosion,42 as supersaturated
solutions are not capable of dissolving tooth structure.
There is no clear-cut critical pH for erosion as there is
for caries, for even at a low pH, it is possible that other
factors are strong enough to prevent erosion.42

Therefore, components such as calcium, phosphate, and
fluoride may lessen the erosive capacity of some drinks
and foods.9 For instance, some orange juices are
enriched with calcium in order to reduce their erosive
potential.43

MODIFYING FACTORS
OF DENTAL EROSION

Systemic Health

Some systemic diseases, such as Sjögren’s syndrome;
medicines, such as acetylsalicylic acid when taken daily;
hydrochloric acid for treatment of stomach disorders,
diuretics and antidepressive medicines and therapies
that involve irradiation of salivary glands all adversely
affect salivary production, thus interfering with the
biological protection provided by saliva. Even without
excessive exposure to erosive agents, hyposalivation
may induce dental erosion, as low salivary flow leads to
low buffering capacity; therefore, acid elimination in the
oral cavity is decreased as well as the saliva
remineralization capacity.44

Knowledge

An awareness of the risks and activity of dental erosion,
as well as an understanding of the erosive potential of
drinks and foodstuff, is an important aspect in changing
the initiation and progression of this disease. Patients
who show signs and symptoms of dental erosion are
often not aware of, and might be confused about, the
erosive characteristics of items of their diet7 or about
any modifying factors their dietary intake might have. A
thorough knowledge of all the dental erosion features is
also needed by the dentist in order to determine the
patient’s risk of dental erosion and to institute
preventive and curative measures.

Socioeconomic Status

Socioeconomic status might be linked to many of the
previously mentioned factors, such as systemic health
and knowledge, and thus indirectly influence the
development of dental erosion. They can determine the
quality of the dental evaluation, which might lead to an
incorrect diagnosis and treatment. Nevertheless,
whether dental erosion is a disorder of affluence
remains unclear. However, social deprivation might also
be related to nonfluoridated districts. Children in
nonfluoridated districts are 1.5 times more likely to
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have smooth surface wear compared with children in
fluoridated districts.45 Although the literature
concerning the influence of socioeconomic status on
dental erosion is still conflicting, the trend is for more
tooth wear among the children not exposed to
fluoridation of their residential water supply, further
supporting a protective role.45

INTERACTION OF DENTAL EROSION AND
MODIFYING FACTORS

Many people, with different modifying factors,
frequently ingest fruit juices, carbonated beverages, and
acidic foods that have an erosive potential. Therefore,
the question is: Why do many people maintain their
teeth for a lifetime, considering that they are constantly
exposed to erosive challenges every day? On the other
hand, why do some people suffer rapid and irreversible
destruction of their teeth by erosion?2

The development and intensity of dental erosion
depends on the interplay of the previous factors.7

Determinant factors play a direct role in the
development of dental erosion, whereas modifying
factors synergistically act on this disease. Over time, the
biological, behavioral, and chemical factors, along with
the modifier factors and their possible combinations,
might start or prevent dental erosion.7 Hydrogen ion
concentration alone does not explain the erosive
potential of food and drink. All factors must be taken
into consideration. The interplay of these factors is
crucial and helps explain why some individuals exhibit
more erosion than others, while also addressing the
reason why, even when exposed to the same acid
challenge in their diets, some people present distinct
patterns of this disease, since each patient may show
different modifying factors that produce different
developmental patterns of dental erosion.

CASE REPORT

The following case is a restorative treatment of intrinsic
erosion lesions, involving ceramic restorations on the
maxillary and mandibular posterior teeth and composite
resin restorations on the anterior maxillary teeth.

The etiology of this specific dental erosion was
gastroesophageal reflux, which was corrected using a
multidisciplinary approach involving a
gastroenterological evaluation and treatment. The
patient’s main complaint was wear of the posterior
teeth. Although the posterior teeth displayed noticeable
wear, a clinical exam showed wear on the palatal
surfaces of the anterior maxillary teeth as well.

The treatment plan was divided into two steps: increase
of vertical dimension of occlusion (VDO) with indirect
ceramic restorations on the posterior segment and
direct composite resin restorations on the anterior
segment.

After plaster models of both jaws were taken and wax
build-up, a new VDO was created by the technician.
The new VDO was tested on the patient with
provisional overlays placed on the maxillary and
mandibular posterior teeth. Then, the posterior teeth
were prepared and ceramic onlays and overlays were
placed on the posterior maxillary and mandibular teeth,
with the exception of the maxillary left and right
second molars, which did not display wear. Once the
new VDO was reestablished with the posterior ceramic
restorations, space was made to restore the worn palatal
and incisal surfaces of the anterior maxillary teeth with
composite resin.

Ceramics IPS Empress e.max (Ivoclar Vivadent, Schaan,
Liechtenstein) was the material of choice for posterior
segment due to its high longevity, maintenance of
esthetic features such as anatomical form, color,
adhesive bonding to dental hard tissues,46,47 and also
because one of the patient’s demands was a
long-lasting, esthetic and not time-consuming
rehabilitation. Since no severe wear was present on the
labial surfaces of the maxillary anterior teeth only the
worn palatal and incisal surfaces were restored with
composite resin because it is a reversible non-invasive
technique that allowed us to preserve the labial surfaces
of the maxillary anterior teeth. It is an esthetic solution
and not time-consuming compared with indirect
restorations. Function and esthetics were achieved with
this approach (Figures 5–17).
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FIGURE 5. Observe the erosive tooth wear at the labial
surface as well as at the incisal third of the maxillary incisors.

FIGURE 6. Observe the palatal erosive tooth wear.

FIGURE 7. Right hemi-arches.

FIGURE 8. Left hemi-arches.

FIGURE 9. Observe the erosive tooth wear severity.Almost
the entire occlusal enamel has been worn away.

FIGURE 10. Occlusal view of the mandibular posterior teeth
preparations.
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FIGURE 13. Right hemi-arches. Occlusal views after placement of the ceramic restorations.

FIGURE 14. Left hemi-arches. Occlusal views after placement of the ceramic restorations.

FIGURE 15. Lateral views after restorative treatment. FIGURE 16. Frontal view after composite resin restorations,
note the increase of vertical dimension.

FIGURE 11. Occlusal view of the maxillary posterior teeth
preparations before the luting procedures.

FIGURE 12. View after placement of the ceramic
restorations on the maxillary posterior teeth.
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CONCLUSION

Regardless of the etiology of dental erosion, it is rarely
diagnosed at its early stages. Often, a multidisciplinary
approach, potentially involving gastroenterological and
psychological evaluations, is necessary. Awareness and
understanding of this disease and the factors that
modify it is crucial for establishing an early diagnosis
and preventive and/or restorative treatment.
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