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Foreword

Dental Erosion: A challenge for the 21st century! This monograph offers a
guide towards better oral health in the future. Erosive tooth wear is a multifac-
torial condition of growing concern to the clinician and the subject of extensive
research — a view supported by the literature and impressions from many inter-
national conferences over recent decades. However, until now, no attempt has
been made to collect and organize the available information in a single book.
This volume of Monographs in Oral Science is the first book dealing solely
with erosive tooth wear.

The thirteen chapters of the book present a broad spectrum of views on den-
tal erosion, from the molecular level to behavioral aspects and trends in society.
The multifactorial etiological pattern of erosive tooth wear is emphasized and is a
strand connecting the different chapters of the book. It starts with the definition of
erosion and describes the interaction of attrition, abrasion and erosion in tooth
wear. The chapters on diagnosis of erosion, and prevalence, incidence and distrib-
ution of the condition are followed by a chapter on the chemistry of erosion. Under
the heading extrinsic causes of erosion, several factors are analyzed and illustrated,
amongst which are the consequences of our changing life styles and the effects of
oral hygiene products and acidic medicines. The chapter on intrinsic causes of ero-
sion focuses on gastroesophageal reflux disease and related issues. A separate
chapter is devoted to dental erosion in children. Methods of assessment of dental
erosion are presented and critically evaluated, concluding that the complex nature
of erosive mineral loss and dissolution might not readily be encompassed by a sin-
gle technique: a more comprehensive approach combining several different meth-
ods is recommended. The last three chapters cover dentinal hypersensitivity, risk

XI



assessment and preventive measures, and, finally, restorative options for erosive
lesions.

Each chapter has a comprehensive list of references, encouraging the
reader to consult the original articles for more details. Instructive intraoral pho-
tographs illustrate the text and guide the reader. An unusual step is that every
chapter was reviewed not only by the editor, but also by two external reviewers,
ensuring the highest of standards.

This monograph describes current concepts of dental erosion and presents
an overview of the literature, with special reference to clinically relevant impli-
cations. It is not only suitable for faculty members and researchers, but may
also be recommended for dental students, practitioners and other dental profes-
sionals who are committed to preventing and treating dental erosion.

Birgit Angmar-Mdnsson, Stockholm
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Lussi A (ed): Dental Erosion.
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Erosive Tooth Wear — A Multifactorial
Condition of Growing Concern and
Increasing Knowledge

A. Lussi

Department of Preventive, Restorative and Pediatric Dentistry, School of Dental
Medicine, University of Bern, Bern, Switzerland

Abstract

Dental erosion is often described solely as a surface phenomenon, unlike caries where
it has been established that the destructive effects involve both the surface and the subsurface
region. However, besides removal and softening of the surface, erosion may show dissolution
of mineral underneath the surface. There is some evidence that the presence of this condition
is growing steadily. Hence, erosive tooth wear is becoming increasingly significant in the
management of the long-term health of the dentition. What is considered as an acceptable
amount of wear is dependent on the anticipated lifespan of the dentition and, therefore, is dif-
ferent for deciduous compared to permanent teeth. However, erosive damage to the perma-
nent teeth occurring in childhood may compromise the growing child’s dentition for their
entire lifetime and may require repeated and increasingly complex and expensive restoration.
Therefore, it is important that diagnosis of the tooth wear process in children and adults is
made early and adequate preventive measures are undertaken. These measures can only
be initiated when the risk factors are known and interactions between them are present.
A scheme is proposed which allows the possible risk factors and their relation to each other
to be examined.

Copyright © 2006 S. Karger AG, Basel

Change of Perception

Erosive tooth wear has for many years been a condition of little interest to
clinical dental practice or dental public health. Diagnosis was seldom made,
especially in the early stages, and there was little if anything that could be done
to intervene in the early stages. However, perceptions are now changing. In the



year 1995, a special issue of the Furopean Journal of Oral Science entitled
‘Etiology, mechanisms and implications of dental erosions’ was published [1].
It was stated in the preface that dental erosion is an area of research and clinical
practice that will undoubtedly experience expansion in the next decade. Indeed,
in the last decade erosion has attracted a great amount of research, with subse-
quent progression in the field. Whilst in the 1970s less than 5 studies per year
were published about erosion, this number was still below 10 in the 1980s and
has nowadays increased to about 50 studies per year. (Erosive) tooth wear is
becoming increasingly significant in the long term health of the dentition and
the overall well-being of those who suffer its effects. Following the decline in
tooth loss in the 20th century, the increasing longevity of teeth in the 21st cen-
tury will render the clinically deleterious effect of wear more demanding upon
the preventive and restorative skills of the dental professional [2]. Awareness of
dental erosion by the public is still not widespread, and dental professionals
worldwide are sometimes confused by its signs and symptoms, and its similari-
ties and differences from the other categories of tooth wear namely abrasion,
attrition and abfraction. In its early stages, and for the vast majority of the pop-
ulation, the changes seen in tooth erosion are of only cosmetic significance. In
a survey in England, 34% of the children were aware of tooth erosion but only
8% could recall their dentist mentioning the condition [3]. Forty percent of chil-
dren believed incorrectly that the best way to avoid erosion was regular tooth-
brushing which shows some lack of information or misunderstanding. In
addition, the awareness of dentists was considered low [3].

Change of Consumption of Acidic Foods and Beverages

As lifestyles have changed through the decades, the total amount and fre-
quency of consumption of acidic foods and drinks have also changed. Soft drink
consumption in the USA increased by 300% in 20 years, [4] and serving sizes
increased from 185 g (6.6 0z) in the 1950s to 340 g (12 0z) in the 1960s and to
570 g (20 0z) in the late 1990s. Around the year 1995, between 56 and 85% of
children at school in the USA consumed at least one soft drink daily with the
highest amounts ingested by adolescent males. Of this group, 20% consumed
four or more servings daily [5]. Studies in children and adults have shown that
this number of servings per day is associated with the presence and progression of
erosion when other risk factors are present [6, 7].

It becomes obvious that with the increased popularity of soft drinks the
consumption of milk may decrease in children and adolescents, which could
result in calcium deficiency, thus jeopardizing the accrual of maximal peak
bone mass at a critical time in life [8].

Lussi 2



Change of Prevalence of Erosion

National dental surveys are not routinely undertaken and when conducted
seldom have included measures of tooth wear, specifically erosion. Erosion was
first included in the UK childrens’ dental health survey in 1993 and is repeated
periodically. The prevalence of erosion was seen to have increased from the time
of the children’s dental health survey in 1993 to the study of 4- to 18-year-olds in
1996/1997 [9]. There was a trend towards a higher prevalence of erosion in chil-
dren aged between 3 1/2 and 4 1/2 years, and in those who consumed carbonated
drinks on most days, compared with toddlers consuming these drinks less often.
In another UK study, 1,308 children were examined at the age of 12 years and 2
years later. Five percent of the subjects aged 12 years and 13% 2 years later had
deep enamel lesions. Dentinal lesions were found in 2% of the examined sub-
jects at the age of 12 years and rose to 9% 2 years later. The incidence of new
cases also increased. Twelve percent of 12-year-old children who demonstrated
no evidence of erosion developed the condition over the subsequent 2 years.
New and more advanced lesions were seen in 27% of the children over the study
period [10]. Active erosive lesions will progress when no adequate preventive
measures are implemented (figs. 1-3). To determine the progression of erosive
defects 55 persons were examined twice on two occasions six years apart [7]. All
persons were informed about the risk of erosive tooth wear but no active preven-
tive care during the study period was performed. A distinct progression of ero-
sion on occlusal and facial surfaces was found. The occurrence of occlusal
erosions with involvement of dentine rose from 3 to 8% (26—30-years-old at the
first examination) and from 8 to 26% (46—50-years-old at the first examination).
The increase in facial erosions was smaller but again more marked for the older
group. In this longitudinal study, the subjective evaluation of dentine hypersensi-
tivity remained unchanged despite the marked increase of erosive and wedge-
shaped defects. Dentine hypersensitivity is a relatively common phenomenon
and tooth wear, specifically erosion, has been implicated as a predisposing factor
[11]. However, no conclusive data are available which would show an increase of
dentine hypersensitivity with increasing acidic consumption or erosive tooth
wear. Clearly, more research is needed in this field.

Early Diagnosis

Early diagnosis is important. Dental professionals will typically ignore or
overlook the very early stages dismissing minor tooth surface loss as a normal
and inevitable occurrence of daily living, being ‘within normal limits’ and thus
not appropriate for any specific interventive activity. Only at the later stages in

Erosive Tooth Wear 3
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Fig. 1. Occlusal erosive tooth wear with involvement of dentine with a composite fill-
ing rising above the level of the adjacent tooth surface. Age of the patient: 30 years. Known
risk factors: soft drinks (sip-wise), gastroesophageal reflux.

Fig. 2. Same patient as in figure 1 (5 years later). The progression on the premolars
and on the first molar is clearly visible.

Fig. 3. a Occlusal erosive tooth wear of a child aged 14 years. He suffered from dentine
hypersensitivity. Known risk factors: gastroesophageal reflux, ice tea, acidic beverages. b Same
patient 2 1/2 years later. Progression is clearly visible.

Lussi 4



which dentine has become exposed and possibly sensitive, and the appearance
and shape of the teeth altered that the condition becomes evident at routine
examination. There is no device available for the specific detection of dental ero-
sion in routine practice. Therefore, the clinical appearance is the most important
feature for dental professionals to diagnose dental erosion. This is of particular
importance in the early stage of erosive tooth wear. The appearance of a smooth
silky-glazed appearance, intact enamel along the gingival margin, change in color
and cupping and grooving on occlusal surfaces are some typical signs of early
erosion. However, it is difficult to diagnose erosion at an early stage and it can be
very difficult to determine if dentine is exposed or not [12]. Even if a clinician is
able to diagnose tooth wear, the differential diagnosis of erosion, abrasion or attri-
tion may be a challenge either through lack of awareness of the multifactorial and
overlying etiologies. It is possible to use disclosing agents to render dentine
involvement visible. Only a dentist with the diagnostic capability of distinguish-
ing early erosion from the other noncarious defects will be in a position to deliver
timely preventive measures. Indeed, these conditions may occur simultaneously.
In children, the most commonly reported areas with wear are occlusal surfaces of
molars (fig. 3) and incisal surfaces of incisors. These surfaces are also associated
with attrition and it can be difficult to separate what is being caused by erosion
from what is being caused by other tooth wear factors [13]. For these and other
reasons the terms ‘erosion’ and ‘erosive tooth wear’ are used in this book inter-
changeably demonstrating the overlapping nature of this condition.

Change of Knowledge and Risk Factors

Erosion is often described solely as a surface phenomenon, unlike caries
where it has been established that the destructive effects are both on the surface
and within the subsurface region. However, the pathophysiology of erosion is
more complex. When a solution comes in contact, with enamel, it has to diffuse
first through the acquired pellicle and only thereafter can it interact with enamel
[see chapter 6 by Featherstone et al., this vol, pp 66—76]. The acquired pellicle
is a biofilm, free of bacteria, covering oral hard and soft tissues. It is composed
of mucins, glycoproteins and proteins, amongst which are several enzymes
[14]. On the surface of enamel, the acid with its hydrogen ion (or a chelating
agent) will start to dissolve the enamel crystal. First, the prism sheath area and
then the prism core are dissolved, leaving the well-known honeycomb appear-
ance [15]. Fresh, unionized acid will then eventually diffuse [16] into the inter-
prismatic areas of enamel and dissolve further mineral underneath the surface,
in the sub-surface region [17, 18]. This will lead to an outflow of ions and
subsequently to a local pH rise in the tooth substance and in the liquid surface

Erosive Tooth Wear 5
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Fig. 4. Interactions of the different factors for the development of erosive tooth wear.

layer in close proximity to the enamel surface [18]. The events in dentine are in
principle the same but are even more complex. Due to the high content of
organic material, diffusion of the demineralizing agent (i.e. acid) deeper into
the region and the outward flux of tooth mineral are hindered by the organic
dentine matrix [19]. It has been assumed that the organic dentine matrix has a
sufficient buffering capacity to retard further demineralization and that chemi-
cal or mechanical degradation of the dentine matrix promotes demineralization
[20, 21].

These erosive processes are halted when no new acids and/or chelating sub-
stances are provided. An increase in agitation (e.g. when a drink is swished
around the mouth) will enhance the dissolution process because the solution on

Lussi 6



the surface layer adjacent to enamel will be readily renewed [22]. Further, the
amount of drink in the mouth in relation to the amount and flow of saliva present
will modify the process of dissolution [2]. There are many more factors which
are involved in and interact with erosive tooth wear. Figure 4 is an attempt to
reveal the multifactorial predisposing factors and etiologies of the erosive condi-
tion, which seems to be steadily rising in western societies. Many biological,
behavioral and chemical factors are interacting with the tooth surface, which
over time, may either wear it away, or indeed protect it depending upon their fine
balance (see chapter 7 by Lussi et al., this vol, pp 77-118 and chapter 8 by
Bartlett, this vol, pp 119—139). Hydrogen ion concentration (pH) alone does not
explain erosive potential of a foodstuff; titratable acidity, calcium, phosphate,
fluoride levels and other factors must also be considered. The interplay of all
these factors (fig. 4) is crucial and helps explain why some individuals exhibit
more erosion than others, even if they are exposed to exactly the same acid chal-
lenge in their diets. In the initial stage a certain degree of repair should be possi-
ble as there is a subsurface component of the process which is symbolized with
the short (back reaction) arrow in figure 4. As known in the carious process [23]
the factors listed in the outer circle will influence the whole process of erosion
development or defense further. Comprehensive knowledge of the different risk
and protective factors is a prerequisite to initiate adequate preventive measures.
People who show signs and symptoms of erosion are often not aware of, and may
easily be confused by, the erosive potential of some drinks and foodstuffs. Only
when a comprehensive case history is undertaken will all the risk factors be
revealed. However, a thorough knowledge of the erosive potential of drinks and
foodstuffs is needed by the dentist, to determine the patient’s risk and to bring it
in to context with the behavioral and biological factors. Knowing these factors,
the reported symptoms (thermal or tactile sensitivity) and signs evident on clini-
cal examination, and putting them in relation to the wishes, hopes and possibili-
ties of the individual patient enables the dentist to initiate adequate preventive
(noninterventive) and therapeutic (interventive) measures. When a restoration
becomes inevitable, in all situations, the preparations have to follow the princi-
ples of minimally invasive treatment. In no case may early diagnosis of erosive
tooth wear be an excuse for a restoration. Instead preventive measures must be
initiated to reduce the erosive challenge and to increase the protective and defen-
sive factors thus bringing this equilibrium back to the oral environment.

References

1 Ten Cate JM, Imfeld T: Dental erosion (preface). Eur J Oral Sci 1996;104:149.
2 ZeroT, Lussi A: Erosion — chemical and biological factors of importance to the dental practitioner.
Int Dent J 2005;55:285-290.

Erosive Tooth Wear 7



11

12

13
14

15

16

18
19

20

21

22

23

Dugmore CR, Rock WP: Awareness of tooth erosion in 12 year old children and primary care den-
tal practitioners. Community Dent Health 2003;20:223-227.

Calvadini C, Siega-Riz AM, Popkin BM: US adolescent food intake trends from 1965 to 1996.
Arch Dis Child 2000;83:18-24.

Gleason P, Suitor C: Children’s Diets in the Mid-1990s: Dietary intake and Its Relationship with
School Meal Participation. Alexandria, US Department of Agriculture, Food and Nutrition
Service, Office of Analysis, Nutrition and Evaluation, 2001.

O’Sullivan EA, Curzon MEJ: A comparison of acidic dietary factors in children with and without
dental erosion. J Dent Child 2000;67:186—192.

Lussi A, Schaffner M: Progression of and risk factors for dental erosion and wedge-shaped defects
over a 6-year period. Caries Res 2000;34:182—-187.

American Academy of Pediatrics, Committee on School Health: Soft drinks in schools. Pediatrics
2004;113:152-153.

Nunn JH, Gordon PH, Morris AJ, Pine CM, Walker A: Dental erosion — changing prevalence? A
review of British National childrens’ surveys. Int J Paediatr Dent 2003;13:98-105.

Dugmore CR, Rock WP: The progression of tooth erosion in a cohort of adolescents of mixed eth-
nicity. Int J Paediatr Dent 2003;13:295-303.

Addy M: Tooth brushing, tooth wear and dentine hypersensitivity — are they associated? Int Dent J
2005;55:261-267.

Ganss C, Klimek J, Lussi A: Accuracy and consistency of the visual diagnosis of exposed dentine
on worn occlusal/incisal surfaces. Caries Res, in press.

Bartlett D: The implication of laboratory research on tooth wear and erosion. Oral Dis 2005;11:3-6.
Hannig C, Hannig M, Attin T: Enzymes in the acquired enamel pellicle. Eur J Oral Sci 2005;113:
2-13.

Meurman JH, Frank RM: Scanning electron microscopic study of the effect of salivary pellicle on
enamel erosion. Caries Res 1991;25:1-6.

Featherstone JDB, Rodgers BE: Effect of acetic, lactic and other organic acids on the formation of
artificial carious lesions. Caries Res 1981;15:377-385.

Eisenburger M, Hughes J, West NX, Shellis RP, Addy M: The use of ultrasonication to study rem-
ineralisation of eroded enamel. Caries Res 2001;35:61-66.

Lussi A, Hellwig E: Erosive potential of oral care products. Caries Res 2001;35:52-56.

Hara AT, Ando M, Cury JA, Serra MC, Gonzalez-Cabezas C, Zero DT: Influence of the organic
matrix on root dentine erosion by citric acid. Caries Res 2005;39:134—138.

Ganss C, Klimek J, Starck C: Quantitative analysis of the impact of the organic matrix on the flu-
oride effect on erosion progression in human dentine using longitudinal microradiography. Arch
Oral Biol 2004;49:931-935.

Kleter GA, Damen JJ, Everts V, Niehof J, Ten Cate JM: The influence of the organic matrix on
demineralization of bovine root dentin in vitro. J Dent Res 1994;73:1523-1539.

Shellis RP, Finke M, Eisenburger M, Parker DM, Addy M: Relationship between enamel erosion
and liquid flow rate. Eur J Oral Sci 2005;113:232-238.

Fejerskov O: Changing paradigms in concepts on dental caries: consequences for oral health care.
Caries Res 2004;38:182-191.

Prof. Dr. Adrian Lussi

Department of Preventive, Restorative and Pediatric Dentistry
School of Dental Medicine

University of Bern, Freiburgstrasse 7

CH-3010 Bern (Switzerland)

Lussi 8



Chapter 2

Lussi A (ed): Dental Erosion.
Monogr Oral Sci. Basel, Karger, 2006, vol 20, pp 9-16

@eccccccccccccccccccccccoe

Definition of Erosion and
Links to Tooth Wear

C. Ganss

Department of Conservative and Preventive Dentistry,
Dental Clinic, Justus Liebig University Giessen, Giessen, Germany

Abstract

Erosive tissue loss is part of the physiological wear of teeth. Clinical features are an ini-
tial loss of tooth shine or luster, followed by flattening of convex structures, and, with con-
tinuing acid exposure, concavities form on smooth surfaces, or grooving and cupping occur
on incisal/occlusal surfaces. Dental erosion must be distinguished from other forms of wear,
but can also contribute to general tissue loss by surface softening, thus enhancing physical
wear processes. The determination of dental erosion as a condition or pathology is relatively
easy in the case of pain or endodontic complications, but is ambiguous in terms of function
or aesthetics. The impact of dental erosion on oral health is discussed. However, it can be
concluded that in most cases dental erosion is best described as a condition, with the acid
being of nonpathological origin.

Copyright © 2006 S. Karger AG, Basel

Definition of Erosive Tissue Loss

During a lifetime, teeth are exposed to a number of physical and chemical
insults, which to a various extent contribute to the wear and tear of dental hard
tissues.

The variety of processes include the friction of exogenous material (e.g.
during mastication, toothbrushing, holding tools) forced over tooth substances
(abrasion), the effect of antagonistic teeth (attrition), the impact of tensile and
compressive forces during tooth flexure (abfraction), and the chemical dissolu-
tion of tooth mineral (erosion) (table 1). All of these factors to a greater or lesser
extent occur in the dentition, and wear results from the simultaneous and/or
synergistic action of these processes (see chapter 3 by Addy et al., this vol,



Table 1. Terminology, definition and etiology of various types of physical and chemi-
cal tooth wear

Terminology Definition and etiology

Abrasion Physical wear as a result of mechanical processes involving foreign
substances or objects (three body wear)
Etiological factors are oral hygiene procedures (e.g. excessive
brushing/flossing, effect of abrasives in toothpastes), habits
(e.g. holding objects), or occupational exposure to
abrasive particles
The resulting morphology of defects can be diffuse or localized
depending on the predominant impact
Wedge-shaped defects are also attributed to abrasion
A special form of abrasion is demastication, which means
wear from chewing food
Tissue loss is located on incisal and/or occlusal surfaces and depends
on the abrasiveness of the individual diet
Attrition Physical wear as a result of the action of antagonistic teeth with no
foreign substances intervening (two body wear)
Characteristic features are antagonistic plane facets with sharp margins
Abfraction Physical wear as a result of tensile or shear stress in the
cemento-enamel region provoking microfractures in enamel
and dentine (fatigue wear)
Wedge-shaped defects are also attributed to abfraction
Erosion Chemical wear as a result of extrinsic or intrinsic acids or chelators
acting on plaque-free tooth surfaces
Characteristic clinical features of (tribo) chemical wear
are loss of surface structure, melted appearance, cupping or
grooving on occlusal/incisal surfaces, and shallow concavities coronal
from the cemento-enamel junction

pp 17-31). The morphology and severity of defects may substantially vary
depending on the predominant etiological factor (fig. 1).

Dental erosion can be defined as dissolution of tooth by acids when the
surrounding aqueous phase is undersaturated with respect to tooth mineral [1].
When the acidic challenge is acting for long enough, a clinically visible defect
occurs. On smooth surfaces, the original luster of the tooth dulls. Later, the con-
vex areas flatten or shallow concavities become present which are mostly
located coronal to the enamel-cementum junction. On occlusal surfaces, cusps
become rounded or cupped and edges of restorations appear to rise above the
level of the adjacent tooth surfaces. In severe cases, the whole tooth morphol-
ogy disappears and the vertical crown height can be significantly reduced (for
morphology of erosive wear, see chapter 4 by Ganss et al., this vol, pp 32-43).

Ganss 10



Fig. 1. Fifty-year-old woman with multiple forms of wear: 11 and 21 cervical abra-
sions due to abusive flossing, 13 and 23 wedge-shaped defects; 32—42 toothbrush abrasion.

The result of continuing acid exposure, however, is not only a clinically visible
defect, but also a change in the physical properties of the remaining tooth sur-
face. It is recognized that erosive demineralization results in a significant
reduction in microhardness [2—4], making the softened surface more prone to
mechanical impacts [5]. Although independent in origin, erosion is therefore
linked to other forms of wear not only because it contributes to the individual
overall rate of tooth tissue loss, but also by enhancing physical wear (see chap-
ter 3 by Addy et al., this vol, pp 17-31).

Although listed in the International Classification of Diseases [6], erosive
tissue loss cannot be regarded as pathology per se. Unlike caries and periodon-
titis, which should not occur at all, erosive and physical wear contribute to the
physiological loss of tooth tissue occurring throughout life time.

Is Erosive Tooth Wear an Oral Disease?

Attempts have been made to distinguish between pathological and physio-
logical loss of tooth tissues [7]:

“Tooth wear can be regarded as pathological if the teeth become so worn
that they do not function effectively or seriously mar the appearance before they
are lost for other causes or the patient dies. The distinction of acceptable and
pathological wear at a given age is based upon the prediction of whether the
tooth will survive the rate of wear’.

‘Function’ in a professional view means (1) the interplay of the dental
arches (occlusion); (2) the action of musculature and temporo-mandibular joint,
and (3) the biological integrity of teeth.
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Fig. 2. Frank, and near pulp exposure (45 and 44) in a 58-year-old male with advanced
wear of unknown etiology. He complained about a sudden pinprick-like feeling when chewing.

With continuing erosive demineralization and loss of enamel, formation of
reactionary and reparative dentine and obturation of dentinal tubules are bio-
logic responses that compensate for the loss of tissue. In the case that the pro-
gression of erosive wear exceeds the reparative capacity of the dentinal—pulp
complex (fig. 2), and when excessive (erosive) wear occurs, possible complica-
tions are pain, pulpal inflammation, necrosis, and periapical pathology.

The prevalence of endodontic sequelae has not been systematically stud-
ied, but is estimated to occur in roughly 10% of patients with significant wear [8].
Pain, however, is not only induced by near or frank pulp exposure, but can occur
as soon as dentine is exposed. The etiology of dentinal hypersensitivity has
been extensively described, and it appears that the absence of a smear layer and
patent tubules are the relevant factors, which would favor the exposure to acids
as the primary etiology [9]. However, even if not studied systematically, hyper-
sensitivity from the clinical experience appears as only a minor problem in most
subjects with erosive wear.

Continuing hypersensitivity, acute pain or pulp necrosis with periapical
inflammation would doubtlessly represent a pathological condition. However,
even severe (erosive) tooth wear can be localized to single teeth or generalized
without any clinical symptoms, a condition which refers to considerations
regarding the significance of the morphology of teeth for occlusion, muscula-
ture, and joints.

The teeth of prehistoric hunter-gatherers are often characterized by exten-
sive wear in both arches. Although a decrease in wear is seen on the dentition of
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Fig. 3. Medieval subject (estimated age 50—70) with advanced generalized wear.

premodern and recent people, its presence appears to be a constant feature [10].
Observations from anthropologists therefore led to substantially different con-
cepts of occlusion than those generally accepted in dentistry. Begg [11] sug-
gested that an ‘“attritional occlusion’ rather than a nonattritional occlusion is the
anatomically and functionally correct feature. ‘Attritional occlusion’ refers to a
dentition that is affected by various wear processes which are present in heavy-
wear environments (fig. 3). Edge-to-edge occlusion and working/nonworking
contacts are the major features in this concept, whereas scissors occlusion and
interlocking cusp relation appear as a retention in a juvenile condition which is
‘unexpected’ if the history of the human body is considered. Since his publica-
tion, a number of aspects regarding this theory have been investigated, which
are extensively reviewed by Kaifu et al. [12]. They considered tooth wear in the
context of evolutionary adaptation and conclude: ‘Our synthesis of the available
evidence suggests that the human dentition is “designed” on the premise that
extensive wear will occur’. In this concept, even extensive wear can be regarded
as a condition rather than a pathology, provided that the amount of loss is
related to the expected life span (for assessment of progression, see chapter 4 by
Ganss et al., this vol, pp 32-43).

The concept of attritional occlusion is in stark contrast to theories gener-
ally accepted in dentistry. Most concepts of an ideal occlusion include a defined
centric occlusion and a canine or group guidance without nonworking contacts.
Probably, the most inflexible concept of an ideal nonattritional occlusion was
presented by Lee [13]. He suggested that a physiological occlusion should
feature a 4-mm overbite, 3-mm overjet, and on lateral excursions, canines
cause the posterior teeth to disclude. But most importantly, he stated that teeth
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without any signs of wear were essential for a properly functioning dentition.
The consequence of premise is that any wear of teeth, no matter how small, is
regarded as pathological.

Based on the concept of a nonattritional occlusion, an enormous body of
literature has been published regarding the role of occlusion in the etiology of
temporo-mandibular disorders (TMD). Based on this concept, erosive tooth
wear involving loss of occlusal morphology and resulting in a lack of canine or
group guidance, nonworking contacts and loss of vertical height would increase
the risk of developing TMD. However, clinical studies reveal none or weak
associations between deviations from an ideal occlusion and TMD [14-17].
Correspondingly, there is no evidence that occlusal adjustment should be part
of any recommended treatment for TMD [18]. Clinical studies investigating the
association of TMD and generalized erosive tooth wear are absent, but several
investigations on the morphology of the temporo-mandibular joint in prehistoric
subjects with wear have been published. It has been demonstrated that struc-
tural changes to the fossa and condyle occur either as degenerative (i.e. bony
erosion, proliferation, or eburnation) [19, 20] or adaptive changes [21-23].
These studies, however, have obvious limitations at least as they cannot be cor-
related with the clinical situation.

The professionals’ description of function might significantly differ from a
patient’s perspective and, accordingly, clinical judgments have only limited power
in interpreting oral health [24]. Considering the emotional and social significance
of food, the individuals’ need for function of the dentition would address mastica-
tory ability, which comprises chewing capacity and chewing with comfort rather
than the objective chewing efficiency. The finding that shortened dental arches
with all molars missing was sufficient to satisfy most individual’s needs [24],
means the general relevance of wear for the masticatory ability is difficult to
assess. Aesthetics, however, appears to be more important for many people than
function [24]. Beauty has been closely associated with truth and goodness.
Individuals endowed with physical beauty are seen as virtuous and trustful, and
are given more social credit than subjects afflicted with ugliness. White teeth rep-
resent health and youth, vice versa a worn and yellowish dentition is attributed to
old age and loss of power. This notion is strongly supported by Rufenacht [25].
Even if it is assumed that there must be universal norms of aesthetics, beauty
ideals are the result of culture and related to time and fashion. Hence, the con-
cepts and impacts of bodily beauty vary considerably between people [26]. It is
often the individual who first recognizes his or her tooth wear as a pathological
condition. But it is the dentist’s responsibility to consider the complexity sur-
rounding the concepts of beauty and the sequelae of bodily changes, and, most
importantly, to enhance the patients in making an informed decision particularly
if extensive and expensive restorations are considered.
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Considering the various aspects addressed above, it appears that the differ-
ence between a condition and pathology is dependent on the concepts of health
and disease. Erosion might be considered to be pathological when occurring in
combination with pain or acute endodontic complications. It is also reasonable
to consider that minor to moderate tissue loss is a normal feature of the aging
dentition. But in asymptomatic advanced erosive wear the differentiation
between a physiological and pathological state becomes more difficult to distin-
guish. The question whether, and in which cases, erosion is an oral disease is
currently open for debate. In general terms, though, dental erosion is best
described as a condition brought upon by an acid insult, with the acid being of
nonpathological origin.

Future research and discussion of the role of erosive tooth wear in oral
health is needed, but the matter also appears to be stimulating for reflecting on
concepts of health and disease in dentistry in general.
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Abstract

Tooth wear is the result of three processes: abrasion (wear produced by interaction
between teeth and other materials), attrition (wear through tooth—tooth contact) and erosion
(dissolution of hard tissue by acidic substances). A further process (abfraction) might poten-
tiate wear by abrasion and/or erosion. Both clinical and experimental observations show that
individual wear mechanisms rarely act alone but interact with each other. The most important
interaction is the potentiation of abrasion by erosive damage to the dental hard tissues. This
interaction seems to be the major factor in occlusal and cervical wear. The available evidence
seems insufficient to establish whether abfraction is an important contributor to tooth wear in
vivo. Saliva can modulate erosive/abrasive tooth wear through formation of pellicle and by
remineralisation but cannot prevent it.

Copyright © 2006 S. Karger AG, Basel

In humans eating unrefined diets, the dentition eventually becomes
severely worn [1]. Since the Industrial Revolution, the diet in the West has
become softer and easier to masticate and this has resulted in a marked reduc-
tion in tooth wear: while postcanine teeth in modern humans wear at
15-20 pm/year [2], incisors wore at 280-360 pm/year in prehistoric humans
[3]. Because tooth wear in modern Western populations is ordinarily low, pro-
nounced wear tends to have pathological causes. The main forms of abnormal
wear are cervical wear associated mainly with excessive toothbrushing, heavy
occlusal wear associated with bruxism, and erosive wear at many surfaces due
to ingestion of acidic substances or regurgitation of acid. This paper is con-
cerned with the wear processes that operate in these conditions, and with their
interactions to produce the clinically observable result.

The term tooth wear denotes the gradual loss of dental hard tissues through
three processes: abrasion (wear produced by interaction between teeth and other



materials), attrition (wear through tooth—tooth contact) and erosion (dissolution
of hard tissue by acidic substances). It has been postulated that in a fourth wear-
related process (abfraction) abnormal occlusal loading predisposes cervical
enamel to mechanical and chemical wear [4]. All four processes are distin-
guished from loss of dental tissues through dental caries on the one hand and
acute trauma on the other.

The terms abrasion, attrition and erosion have been adapted from everyday
usage and their meanings in the dental context can diverge from those in other
fields, in particular from that of tribology, the science of wear, friction and
lubrication. Tribology recognises a variety of mechanisms by which wear can
occur, of which the most relevant to the present paper are two- and three-body
abrasion and tribochemical wear [5]. In two-body wear, two moving surfaces
contact each other directly and wear is produced by breaking away of asperities.
In three-body wear, two moving surfaces are separated by an intervening slurry
of abrasive particles, which remove material from both surfaces. In tribochemi-
cal wear, attack by a chemical agent weakens the superficial region of the mate-
rial and enhances its susceptibility to mechanical forces. Clearly, in tribological
terms, attrition would be subsumed under abrasion, erosion would be described
as a form of tribochemical wear and abfraction as a form of fatigue [5]. It has
been suggested that the time has come to align tooth wear terminology with tri-
bology [6] but it seems likely that the terms outlined above, most of which have
had their current meaning for decades, will persist despite their limitations.

Each tooth wear process can, under some circumstances, operate alone.
For example, nocturnal grinding of teeth will cause wear by attrition alone,
drinking an acidic drink through a straw directed at the labial surface of the cen-
tral incisors will cause wear by erosion alone, and brushing the teeth immedi-
ately on awakening will produce wear by abrasion alone. Yet, as many authors
have suggested, the tooth wear observed in an individual will have resulted from
a combination of all three main processes even though one may predominate
[5, 7, 8]. If tooth wear were due to purely mechanical causes (abrasion and attri-
tion), the total tissue loss at surfaces would fit a simple additive arithmetic
model but wear is less simple. For example, tooth loading could create cracks
which could cause particles of hard tissue to break off and act as an abrasive,
thus converting a two-body attrition process into three-body abrasion [5], or the
cracks would make the tissues more susceptible to abrasion, as suggested for
abfraction [4]. If there is significant erosion, then the possibility of using sim-
ple arithmetic models to predict total tooth wear over time becomes remote,
because erosion both removes hard tissue directly and renders tooth surfaces
more susceptible to mechanical wear.

As with any oral condition which is complex even when modelled in vitro,
it is always tempting to discuss the aetiology of wear without reference to the
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oral environment. Yet it is clear from epidemiological surveys and numerous
studies in vivo, in situ and in vitro that many individual and intra-oral factors
can modulate tooth wear in vivo [8—10]. Most of these are probably little under-
stood, if at all, at this time.

In this review, we first consider the main tooth wear processes individually.
We then discuss how these interact in producing clinical wear, evaluate the sig-
nificance of abfraction and consider the role of saliva in modulating wear.

Tooth Wear Mechanisms

Dental Attrition

Attrition is the physiological wearing away of dental hard tissues through
tooth-to-tooth contact, without the intervention of foreign substances [11]. It
should in principle occur by two-body wear but mechanistically it cannot be dif-
ferentiated sharply from dental abrasion, since particles of enamel detached
during attrition can act as abrasive particles [12, 13].

In vitro, the rate of enamel/enamel attrition under loads of 0.2—16kg
increases with time and load, and is strongly influenced by the presence and
nature of lubricant [13—15]. Above 10kg load, water-lubricated wear is greater
than between dry or saliva-lubricated surfaces but saliva-lubricated wear only
exceeds wear of dry enamel at loads >14kg [13]. Presumably, water or saline
can keep detached particles of enamel in suspension and thus facilitate three-
body abrasion, whereas mucins and other salivary macromolecules reduce fric-
tional forces by coating both the wear surfaces and the particles. At loads of 6
and 10 kg, the rate of dentine/dentine attrition was found to be greater than that
of enamel/enamel attrition but at 14 kg the rates were the same [16]. It was sug-
gested that dentine wear was greater at lower loads because of its relatively low
mineral content, but that at high loads the fibrous organic matrix would help to
reduce fracture, whereas the more highly mineralised enamel would lack this
mechanism [16].

Experimental studies of attrition to date have used loads somewhat lower
than those observed during the occlusal contact phase of chewing (~27kg [17])
and much lower than those which can occur in bruxism [18], so further experi-
mentation using higher loads would be informative, as would studies of
enamel/dentine attrition.

Clinically, occlusal wear is commonly attributed to attrition when wear on
opposing teeth is equal and creates matching facets [7]. Attrition can also be
involved in wear of buccal and lingual surfaces, particularly with certain mal-
occlusions, and also interproximal surfaces. Pathological levels of attrition of
occlusal surfaces, beyond the limited amount that is considered physiological,
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are associated with parafunctional habits, notably bruxism. However, excessive
occlusal wear often seems to have a multifactorial aetiology, so is discussed
later, in the context of interactions of wear mechanisms.

Dental Abrasion

Definitions sometimes assume that all dental abrasion is pathological. For
example, Imfeld [11] defined abrasion as ‘the pathological wearing away of
dental hard tissue through abnormal mechanical processes involving foreign
objects or substances repeatedly introduced in the mouth and contacting the
teeth’. However, it has been suggested that many dental health problems are
caused or exacerbated by almost the complete lack of abrasive wear from the
diet in modern Western populations [1] and it is accepted that even normal
tooth-cleaning practices produce some abrasion of dentine over a lifetime.
Given that tooth-cleaning habits are highly beneficial at the same time as being
the most common cause of abrasion, it would seem reasonable to remove the
words pathological and abnormal from the above definition. This is not to deny
that abusive use of toothbrushes and toothpaste can produce pathological levels
of abrasion, as parafunction can with attrition.

In Western populations, the major abrasive agent is toothpaste, which
affects dentine much more than enamel. The evidence identifying toothbrush-
ing with toothpaste as the main agent in dentine abrasion is drawn from clinical
data and studies in vitro [7, 19, 20, for reviews]. In toothbrushing abrasion, the
toothbrush itself is merely the delivery vehicle, since brushing without paste
has no effect on enamel and clinically minuscule effects on dentine [21].
Nevertheless, features of the toothbrush, notably filament arrangement, density
and texture, can modulate the abrasivity of toothpaste [22, 23]. Toothbrushing
wear is time-dependent and appears to be influenced by many factors, including
the frequency, duration and force of brushing [19, 20]. The sites of predilection
for dentine wear seem to be correlated with toothbrushing habits; the sides,
teeth and sites at most risk are those known to receive most attention during
brushing.

The major factor in dentine wear appears to be the relative dentine abrasiv-
ity (RDA) of the toothpaste, which is its abrasivity relative to a standard paste,
which has an RDA set at 100, determined using an International Standards
Organisation (ISO) laboratory test. ISO stipulates that the RDA of toothpastes
should not exceed 250 but most toothpastes in developed countries have RDA
=100. Difficulties arise in extrapolating RDA to clinical outcome. Philpotts
et al. [24] observed a close linear relationship between RDA and dentine wear
in vitro but in situ, although increasing RDA tends to be associated with greater

Addy/Shellis 20



wear, the relationship is much less clear cut [25-27]. In addition, there is often
considerable variability in measurements of wear in situ [25, 27].

Only dentifrices with high relative enamel abrasivities (REA) cause appre-
ciable rates of enamel wear, usually because they use non-hydrated alumina,
which is harder than enamel. Dentifrices with relative enamel abrasivities <10
produce very little wear of enamel in vitro or in situ [24, 26-29].

It has been concluded that normal toothbrushing habits with toothpastes
that conform with the ISO standard will, in a lifetime’s use, cause virtually no
wear of enamel and clinically insignificant abrasion of dentine (a figure of
1 mm in around 100 years is often cited [19, 20]).

Dental Erosion

Dental erosion is the loss of tooth structure by acid dissolution without the
involvement of bacteria. The acids may be intrinsic (regurgitated gastric acid)
or extrinsic (acidic industrial vapours or dietary components such as soft
drinks, pickles, acidic fruits). Epidemiological data, and studies in vitro and in
situ, suggest that, of the three individual wear processes, erosion is the most
common threat for tooth surface loss [9, 10]. Most erosion research has been
concerned with enamel but there is a growing interest in dentine, perhaps
encouraged by evidence that dentine hypersensitivity appears to be a tooth wear
phenomenon [30].

Enamel exposed to acid loses mineral from a layer extending a few
micrometres below the surface: a process known as softening [31]. With time,
as softening progresses further into the enamel, dissolution in the most superfi-
cial enamel will reach the point where this layer of enamel is lost completely
[32, 33]. In vivo, erosion could therefore involve two types of wear of enamel:
the direct removal of hard tissue by complete dissolution and the creation of a
thin softened layer, which is vulnerable to subsequent mechanical wear (see
chapter 6 by Featherstone et al., this vol, pp 66—76). The pH fall at tooth
surfaces following a single ingestion of an acidic drink seems to be fairly short-
lived [34] and likely to produce softening, but repeated intake of erosive drinks
might favour more advanced demineralisation consistent with total tissue loss.

The mineral content of enamel from deciduous teeth is lower than in per-
manent teeth but the two seem to be equally susceptible to erosion in vitro
[35-37]. In situ, the enamel of deciduous teeth becomes more susceptible than
that of permanent teeth at a high frequency of acid exposure (4X/day) [38].

In dentine exposed to acid there is first dissolution at the junction of the
peritubular and intertubular dentine, then loss of the peritubular dentine and
widening of the tubule lumina [39] and finally formation of a superficial layer
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of demineralised collagenous matrix [40]. While it persists, this layer might
mechanically protect the underlying residual dentine and might also affect
chemical reactions between the latter and the oral fluids, but it is itself vulnera-
ble to mechanical and proteolytic damage and will ultimately be lost. Hunter
et al. [36] found no difference in susceptibility to erosion of dentine from decid-
uous and permanent teeth in vitro but, in situ, dentine from deciduous teeth was
less susceptible at a high frequency of acid exposure (4X/day) [38].

Erosion in vitro and in situ is influenced by biological variation within
dental tissues. Clinically there is clear inter-subject variation. It is likely that the
flow rate, electrolyte composition, buffer capacity and protein composition of
saliva contribute strongly to this variability, by influencing the rate at which
saliva recovers from undersaturation following an acid challenge [41] and by
determining the remineralisation potential [42]. The suggestion that the thick-
ness and protective properties of the salivary pellicle influence site variations in
erosion [43] does not seem to be supported experimentally [44].

Interactions between Tooth Wear Processes

It is well-recognised that interactions between different mechanisms con-
tribute strongly to clinically-observed patterns of wear. However, it is difficult
in many cases either to determine the major cause of wear or to evaluate how
different wear mechanisms have interacted. There is a consensus that interac-
tions between mechanical and erosive wear are the most important in vivo and
these have been the subject of a number of laboratory investigations. We
describe these studies as a preliminary to considering clinical studies. It is
appropriate also to discuss here the theory of abfraction, as it might potentiate
other wear mechanisms.

Interaction of Dental Attrition with Erosion

At loads up to 16 kg, enamel/enamel attrition in vitro is much higher in the
presence of HCI (pH 1.2) than in water [14]. However, this extreme erosive
challenge is likely to occur in vivo only in individuals who vomit frequently,
e.g. bulimics [45]. Attrition is much lower in the presence of dilute acetic acid
(pH 3.0) or citric acid (pH 3.2), which are much closer to more usual erosive
stimuli, than in the presence of water or saline [13—15]. Enamel surfaces which
had been rubbed together in citric acid solution at pH 3.2 were smooth, with
only slight grooving, and it was suggested that acid softening would both
reduce friction between the surfaces and also dissolve potentially abrasive
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enamel particles fractured off the surfaces [13]. Studies of enamel surfaces
worn by attrition under higher loads, more representative of chewing or brux-
ism, and in the presence and absence of acid, would be of interest. There have
been no controlled in vitro studies of dentine attrition under acidic conditions.

Interaction of Dental Abrasion with Erosion

Exposure of enamel to acid renders it more vulnerable to abrasion. Rats
drinking an acidic drink instead of water showed occlusal and lingual wear of
the molars, whether they were consuming soft or hard food [46]. In vitro, soft-
ened enamel is more susceptible to abrasion, not only by toothbrush and paste
[47—49], but even by such mild challenges as toothbrushing without paste [50]
or friction from the tongue [51]. Thus, whereas enamel is scarcely abraded by
normal toothbrushing, it becomes vulnerable to toothbrush abrasion after ero-
sive challenge (see chapter 12 by Lussi et al., this vol, pp 190-199).

There is a gradient of mineral loss in softened enamel [52, 53] and the
outer extremities of the crystals are thinned and would be extremely vulnerable
to mechanical forces [53]. A physical challenge probably removes only the
outer, more demineralised part of the softened enamel to leave the inner, less
demineralised part [53]. It can be conjectured that abraded softened enamel sur-
faces would be more susceptible to fresh acid challenges, but this has yet to be
tested experimentally. It was found that brushing simultaneously with exposure
to citric acid enhanced wear by about 50% compared with brushing after acid
exposure [50]. The increase is probably due to a primarily increased rate of min-
eral dissolution because of increased fluid movement [50, 54], which will result
in more rapid creation and breakage of thinned crystal extremities.

Several studies have shown that acid-softened dentine is also vulnerable to
toothbrush abrasion, both in vitro [47, 55] and in situ [56, 57].

Abfraction

The principal idea in the theory of abfraction, which was proposed to
account for the creation of wedge-shaped non-carious cervical lesions [58], is
that off-axis loading of tooth cusps would cause tensile stress concentrations in
the cervical region, leading to micro-crack formation, particularly in the
enamel, which resists tensile stress less well than dentine. The weakened cervi-
cal region would then be susceptible to abrasion and erosion [4, 6].

The evidence for abfraction as an important factor in tooth wear seems to
be inconclusive [59]. In particular, there seems to be no firm clinical evidence
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for the phenomenon. There are also problems with non-clinical studies. While a
number of analyses of stress distributions in loaded teeth support the concept of
cervical stress concentrations, many have used unrealistic models of tooth
structure or have yielded results that conflict with the predictions of the abfrac-
tion hypothesis [60]. Wedge-shaped cervical lesions can be created in vitro by
brushing teeth that are either unloaded or under continuous axial load [61].
Moreover, while axial loading reduced cervical toothbrushing wear, off-axis
loading had no significant effect [61]. It is always possible that experiments on
extracted teeth are influenced by preexisting cracks in the cervical enamel but
these results cast doubt on the validity of the abfraction hypothesis. Periodic
off-axis stressing of whole tooth crowns increased the rate of erosion of cervi-
cal enamel in 1% lactic acid, pH 4.5 [62], but in this study only tissue loss on
the crown surface subject to tensile stress was examined and examination of
both surfaces is essential to test the abfraction hypothesis. Staninec et al. [63]
found that tissue loss from beams of dentine subjected to bending stress was
greater at pH 6 than at pH 7, but more wear occurred on the compression sur-
face of the beam than on the tension surface and this is contradictory to the
abfraction hypothesis.

In an interesting finite-element study [64], it was predicted that a disconti-
nuity at the enamel—dentine junction in the cervical region could create stress
concentrations that would exceed the breaking strength of enamel. In vivo such
a discontinuity could be created by cervical erosion or root-surface caries and
need not involve enamel demineralisation, because of the solubility difference
between enamel and dentine.

Clinical Observations

At present, it is difficult to determine the importance in vivo of the
processes discussed in the foregoing, for several reasons. Much of the evidence
for interaction between wear processes in clinical tooth wear comes mainly from
case reports, which can only suggest associations between different wear mech-
anisms and are inconclusive as to their interactions. Clinical and epidemiological
studies of tooth wear tend to concentrate on one wear process. Thus, while there
are many excellent studies of erosion, they have concentrated largely on the
acids responsible for erosion, although, some information about the possible role
of such factors as toothbrushing habits has been gathered. Most epidemiological
studies on tooth wear have been cross-sectional but, since wear accumulates over
a long period, it is difficult or impossible to tease out the impact of individual
wear processes in the overall wear. More case-control studies or, better still, lon-
gitudinal studies could provide more conclusive evidence. Studies of this type,
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concentrating on individuals exposed to a dominant wear process, should yield
data that allow the effect of that process on clinical wear, while taking into
account oral hygiene and dietary, medical and other factors. There may be some
scope for improving methods for examining clinical wear. For instance, exami-
nation of replicas by SEM [65] can provide more details of wear patterns for
research purposes. Indirect indicators of tooth wear, such as the presence and
severity of dentine hypersensitivity, could be useful. Notwithstanding these com-
ments, some knowledge of interacting wear processes has been gained.

Occlusal Wear

Several studies have found that occlusal wear may be related to a variety of
factors, including occlusal variations, dusty environments, salivary variables
and intake of acidic foods and drinks [66—68]. These observations suggest that
erosion, abrasion or both probably contribute to occlusal wear. From detailed
observation of tooth surfaces it was concluded that erosion was a major factor
in heavy occlusal wear in one Australian sample, except in anterior teeth of
positively-identified bruxers [65]. The limited in vitro data suggest that erosive
softening of dental tissues is likely to increase abrasive wear but not attritional
wear. This is consistent with the finding [46] that the total amount of wear on
molars of rats drinking an erosive liquid did not depend on the hardness of the
food. Persons subsisting on a raw-food diet, which was both fibrous and with a
high acid content, developed marked occlusal wear, with cupping of the exposed
dentine [69]. The similarity of the pattern of wear to that in a mediaeval popula-
tion with an abrasive diet suggested that an erosive diet softens the occlusal sur-
faces and makes them vulnerable to wear even by weakly abrasive materials,
such as raw vegetables, which would not affect sound dentine [70].

An index for assessing clinical wear and for predicting the future rate of
wear would be useful. Information on tooth wear in relation to age exists for
various populations, mostly historical [71]. Richards et al. [72] used such data
to develop a mathematical model of the normal progression of wear with age.
While this approach has great potential, its successful application in a particu-
lar population requires that the wear data on which it is based are derived from
the same population or one very like it.

Cervical Wear

The most common sites for abnormal tooth wear are the buccal cervical
regions and there has been considerable interest in the aetiology of this wear
process, thoroughly reviewed by Levitch et al. [73]. Obviously, a direct role for
attrition in creation of these lesions can be ruled out. Recognition of the syn-
ergy between erosion and mechanical wear has led most researchers to consider
these to be erosion/abrasion lesions rather than the often-described cervical
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abrasion lesions. Erosion must be a factor in any lesion involving enamel since,
as discussed above, most modern dentifrices produce very little wear of enamel.
The abfraction hypothesis has drawn attention to the possibility that unusual
occlusal loads, resulting from tooth misalignment or heavy muscular force, may
be associated with non-carious cervical lesions, but the evidence for this is not
conclusive. Studies which considered cervical lesion characteristics in relation
to occlusal wear or malocclusion [74, 75] suggest that the proportion of lesions
possibly due to abfraction was 15-38%. Khan et al. [76] found saucer-shaped
lesions to be associated strongly with occlusal erosion, while wedge-shaped
lesions were associated equally with occlusal erosion and attrition. Cervical
lesions of all kinds were much more prevalent in persons eating an erosive raw-
food diet than in controls, but were absent in a sample of mediaeval dentitions
with heavy occlusal wear [69, 70]. However, the latter could be due to reduced
eccentric loading or other causes [70]. In a case-control study [77], only vari-
ables considered to be related to abrasion were significant risk factors for cervi-
cal lesions in a subject-level model, while variables related to tooth flexure and
erosion were also significant risk factors in a tooth-level model. In summary, the
evidence suggests that non-carious cervical lesions have a multifactorial aetiol-
ogy, with combined erosion and abrasion probably playing the dominant role.

Saliva and Tooth Wear

The importance of saliva as a lubricant has been alluded to above [14].
Saliva is also the source of the acquired pellicle, which reduces the amount of
mineral loss in short-term erosion. However, during acid exposure, the pellicle is
removed except for the dense basal layer and its protective effect is lost [44, 78].
Thus, to determine whether pellicle protects against repeated erosive and abra-
sive challenges it is important to determine how quickly the protective effect is
re-established. In vitro tests indicate that a significant protective effect is
achieved after exposure to saliva for 2 min for dentine and 1 h for enamel [79].

The pellicle seems to show some resistance to brushing, since the basal
pellicle layer survives 10s brushing with saliva alone [80]. Brushing with
hydrated alumina or saliva/silica slurry was reported to leave a thin pellicle
layer on enamel [80, 81] and Hannig [80] suggested that this layer could mod-
ify wear. However, brushing with these abrasives would cause no significant
wear of sound enamel and this hypothesis needs to be tested using softened
enamel. Moreover, the finding that brushing removes the outer pellicle [80]
substantiates the suggestion [82] that brushing immediately before eating or
drinking might reduce the protective effect of the pellicle against erosion (see
chapter 12 by Lussi et al., this vol, pp 190-199).
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Softened enamel exposed to a remineralising solution or to saliva for an
adequate time can regain mineral and thus re-acquire mechanical strength [31,
52, 83-85]. In vivo saliva could thus reduce the vulnerability of softened dental
hard tissues to mechanical wear. In vitro, resistance to toothbrush abrasion [84]
or to ultrasonication [85] was restored after exposure to artificial saliva for 4
and 6 h, respectively. In vivo results over times that would be useful in terms of
reducing abrasion of softened enamel have been less encouraging. In one in situ
experiment, only partial resistance to brushing abrasion was acquired after
60 min exposure to saliva [49], while in another the decrease in abrasion after
the same time was not significant [82]. The discrepancy between the in vitro
and in situ results might be due to the presence in saliva of proteins (e.g.
statherins) known to inhibit hydroxyapatite crystal growth, and their absence
from the artificial salivas used in in vitro experiments.

As regards dentine, exposure to saliva seems to be ineffective in restoring
abrasion resistance within a useful time. In vitro exposure to artificial saliva for
up to 2h [55] or for 24 h [86] produced no improvement in resistance to subse-
quent mechanical challenge. One in situ study showed no effect on abrasion
resistance after exposure to saliva for 1 h [56]. In another there was a numerical
decrease in abrasion resistance after 30 and 60 min remineralisation [57] but in
neither case was the tissue loss significantly different from that in specimens
brushed immediately after erosion. While artificial caries lesions of dentine can
be remineralised in vitro [87], it is not complete even after 20 weeks, and
remineralisation of such lesions seems to take place by re-growth of residual
mineral crystals. In erosive dentine lesions, the superficial layer seems to be
completely demineralised and Clarkson et al. [88] showed that dentine dem-
ineralised by organic acids does not remineralise because it retains phosphopro-
teins which may act as inhibitors.
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Abstract

The clinical diagnosis ‘erosion’ is made from characteristic deviations from the original
anatomical tooth morphology, thus, distinguishing acid induced tissue loss from other forms
of wear. Primary pathognomonic features are shallow concavities on smooth surfaces occur-
ring coronal from the enamel-cementum junction. Problems from diagnosing occlusal sur-
faces and exposed dentine are discussed. Indices for recording erosive wear include
morphological as well as quantitative criteria. Currently, various indices are used making the
comparison of prevalence studies difficult. The most important and frequently used indices
are described. In addition to recording erosive lesions, the assessment of progression is
important as the indication of treatment measures depends on erosion activity. A number of
evaluated and sensitive methods for in vitro and in situ approaches are available, but the fun-
damental problem for their clinical use is the lack of re-identifiable reference areas. Tools for
clinical monitoring are described.

Copyright © 2006 S. Karger AG, Basel

Current Approach to Erosive Tooth Wear

‘Diagnosis is the intellectual course that integrates information obtained
by clinical examination of the teeth, use of diagnostic aids, conversation with
the patient and biological knowledge. A proper diagnosis cannot be performed
without inspecting the teeth and their immediate surroundings’ [1]. This defini-
tion formulated for caries is also true for erosive tooth wear. It means that a grid
pattern of criteria is pelted over the patient and thereafter the signs and symp-
toms are first ordered and then classified in the second step. In the same
process, the native tooth anatomy and morphology memorized engram-like is
compared with the actual appearance.



The different chemical and physical insults on teeth cause loss of dental
hard tissue with some characteristic patterns. The classification of wear is made
from clinically observed morphological features. However, some indices do
assume information as to the etiology such as attrition, abrasion and erosion.
This approach is open to debate for two reasons: (1) an association between
defect morphology and the respective etiological factors has not been validly
established, and (2) the presumed etiology predetermines scientific strategies
and could introduce bias. It has therefore been argued that assessing wear as the
super ordinate phenomenon disregarding the shape of lesions would overcome
these disadvantages [2]. It is, however, important to note that the tissue loss
ceases from progression when the cause is eliminated. Therefore, on a patient
level it is a prerequisite to detect the condition early, to distinguish it from other
defects and to search for the main cause in order to start the adequate preventive
measures. From a clinical as well as from a scientific point of view, it would be
necessary to have differentiating diagnostic criteria available.

Morphology and Differential Diagnosis of Erosive Tooth Wear

The early signs of erosive tooth wear appear as a smooth silky-shining
glazed surface. In the more advanced stages changes in the original morphol-
ogy occur (figs. 1-9).

On smooth surfaces, the convex areas flatten or concavities become pre-
sent, the width of which clearly exceeds its depth. Undulating borders of the
lesion are possible. Initial lesions are located coronal from the enamel-cemen-
tum junction with an intact border of enamel along the gingival margin. The
reason for the preserved enamel band could be due to some plaque remnants,
which act as a diffusion barrier for acids or due to an acid-neutralizing effect
of the sulcular fluid, which has a pH between 7.5 and 8.0 [3]. Further acid
attacks can lead to pseudo-chamfers at the margin of the eroded surface (figs.
1-3,8,9).

Erosion can be distinguished from wedge-shaped defects, which are
located at or apical to the enamel-cementum junction. The coronal part of
wedge-shaped defects ideally has a sharp margin and cuts at right angles into
the enamel surface, whereas the apical part bottoms out to the root surface. The
depth of the defect clearly exceeds its width.

The initial features of erosion on occlusal and incisal surfaces are the same
as described above. Further progression of occlusal erosion leads to a rounding
of the cusps, grooves on the cusps and incisal edges, and restorations rising
above the level of the adjacent tooth surfaces. In severe cases the whole occlusal
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Fig. 1. Facial erosive tooth wear. Note the intact enamel along the gingival margin and
the silky-glazed appearance of the tooth. Age of patient: 28 years. Known etiological factors:
acidic drinks, gastroesophageal reflux.

Fig. 2. Facial erosive tooth wear. No intact enamel along the gingival margin, but a
silky-glazed appearance of the surface. Age of patient: 35 years. Known etiological factors:
acidic fruits (lemon, orange) and fresh squeezed lemon and orange juice.

Fig. 3. Severe facial erosive tooth wear. Age of patient: 25 years. Known etiological
factors: lemon slices under the lip, fruit juices.
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Fig. 4. Occlusal erosive tooth wear. Note rounding of the cusps and grooves. Age of
patient: 29 years. Known etiological factors: soft drinks, sipping of 0.5-1 acidic sports drinks
per day.

Fig. 5. Occlusal erosive tooth wear. Age of patient: 29 years (same patient as in fig. 4).
The signs of erosive tooth wear are more pronounced. Known etiological factors: soft drinks,
sipping of 0.5-1 acidic sports drinks per day.

morphology disappears (figs. 4-7). Erosive lesions have to be distinguished
from attrition. They are often flat and have glossy areas with distinct margins
and corresponding features at the antagonistic teeth. Much more difficult is the
distinction between occlusal erosion and abrasion/demastication, which some-
times are of similar shape.

Whenever possible, the clinical examination should be accomplished
by a thorough history taking with respect to general health, diet and habits
and by the assessment of saliva flow rates (see chapter 12 by Lussi et al., this
vol, pp 190-199).
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Fig. 6. Severe occlusal erosive tooth wear. No occlusal morphology present. Age of
patient: 29 years. Known etiological factor: gastroesophageal reflux.

Fig. 7. Severe oral and occlusal erosive tooth wear. Note the worn oral cusps and the
amalgam filling rising above the level of the adjacent tooth surface. Age of patient: 29 years
(same patient as in fig. 6). Known etiological factor: gastroesophageal reflux.

Indices

Erosive tooth wear from a clinical view is a surface phenomenon, occur-
ring on areas accessible to visual diagnosis. The diagnostic procedure is there-
fore a visual rather than instrumental approach.

A number of indices for the clinical diagnosis of erosive tooth wear have
been proposed [4-10], which more or less are modifications or combinations of
the indices published by Eccles [11] and Smith and Knight [12] (table 1). All
erosion indices include diagnostic criteria to differentiate erosions from other

Ganss/Lussi 36



Fig. 8. Severe oral erosive tooth wear. Note the intact enamel along the gingival mar-
gin. Age of patient: 28 years. Known etiological factor: gastroesophageal reflux.

Fig. 9. Severe oral erosive tooth wear. Note the intact cervical enamel band and the pulp
shining through. No endodontic complications or dental complaints. Age of patient: 29 years.
Known etiological factor: Eating disorder (free from chronic vomiting for a couple of years).

forms of tooth wear, and criteria for the quantification of hard tissue loss. The
size of the area affected is often given as the proportion of the affected to the
sound tooth surface. The depth of a defect is estimated by using the criterion of
dentine exposition. Thereby, a relation between exposed dentine and amount of
substance loss is implicated. Most working groups have developed their own
index modifications which had not yet reached broader use. Frequently used
indices with particular regard to erosions are the indices used in the British
Children’s National Health and National Diet and Nutrition Surveys [13, 14]
and the index suggested by Lussi [5] (table 2).

Two items included in the erosion indices are currently under discussion:

(1) The morphological criteria for occlusal/incisal surfaces are not strongly
associated with erosive tissue loss. A study including subjects with substantially
different nutrition patterns (an abrasive, an acidic, and an average western diet [15])
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Table 1. Indices suggested by Smith and Knight [12] referring to tooth wear in general, and Eccles [11]
including diagnostic criteria for erosive tooth wear

Score/class

Surface

Criteria

Tooth wear index according to Smith and Knight [12]

0

B/L/O/1
C
B/L/O/1
C
B/L/O

Index according to Eccles [11]

Class I

Class 11

Class Illa

Class IIIb

Class IlIc

Class IIId

Facial

Facial

Lingual or
palatal

Incisal or
occlusal

All

No loss of enamel surface characteristics

No loss of contour

Loss of enamel surface characteristics

Minimal loss of contour

Loss of enamel exposing dentine for less than one-third of the surface

Loss of enamel just exposing dentine

Defect less than 1 mm deep

Loss of enamel exposing dentine for more than one-third of the surface

Loss of enamel and substantial loss of dentine

Defect less 1-2 mm deep

Complete loss of enamel, or pulp exposure, or exposure of
secondary dentine

Pulp exposure or exposure of secondary dentine

Defect more than 2 mm deep, or pulp exposure, or exposure of
secondary dentine

Early stages of erosion, absence of developmental ridges, smooth,
glazed surface occurring mainly on labial surfaces of maxillary
incisors and canines

Dentine is involved for less than one-third of the surface
Type 1: ovoid or crescentic, concave lesion at the cervical region of the
surface, which should be differentiated from wedge-shaped lesions
Type 2: irregular lesion entirely in the crown which has a punched-out
appearance where the enamel is absent from the floor

More extensive destruction of dentine particularly of the anterior
teeth, most of the lesions affecting a large part of the surface, but
some are localized and hollowed-out

Lesions of the surfaces for more than one third of their area, incisal
edges become translucent due to loss of dentine, the dentine
appears smooth, and in some cases is flat or hollowed-out, gingival
and proximal margins have a white, etched appearance

Incisal edges or occlusal surfaces are involved into dentine,
flattening or cupping, restorations are seen raised above the
surrounding tooth surface, incisal edges appear translucent due to
undermined enamel

Severely affected teeth, where both labial and lingual surfaces are
extensively involved

B = Buccal or lingual; C = cervical; I = incisal; L = lingual or palatal; O = occlusal.

Ganss/Lussi

38



Table 2. Frequently used erosion indices for the assessment of erosive tooth wear in children, adolescents
and adults

Score Surface Criteria

Erosion index according to Lussi [5] (facial, lingual and occlusal surfaces of all teeth except third molars)
Facial
0 No erosion
Surface with a smooth, silky-glazed appearance, absence of
developmental ridges possible
1 Loss of surface enamel. Intact enamel found cervical to the lesion
concavity in enamel, the width of which clearly exceeding its depth, thus,
distinguishing it from toothbrush abrasion, undulating borders of the lesions
are possible dentine is not involved

2 Involvement of dentine for less than one-half of the tooth surface
3 Involvement of dentine for more than one-half of the tooth surface
Occlusal/oral

0 No erosion

Surface with a smooth, silky-glazed appearance
Absence of developmental ridges possible
1 Slight erosion, rounded cusps, edges of restorations rising above the level
of adjacent tooth surface, grooves on occlusal aspects
Loss of surface enamel.
Dentine is not involved
2 Severe erosion, more pronounced signs than grade 1
Dentine is involved

Index used in the UK National Survey of Children’s Dental Health (only facial and lingual surfaces of primary
and permanent maxillary incisor teeth) and in the UK National Diet and Nutrition Surveys (additionally occlusal
surfaces of the molar teeth)

Depth
0 Normal
1 Loss of surface characterization, enamel only — on incisor teeth there is

loss of developmental ridges resulting in a smooth, glazed or ‘ground glass’ appearance
On occlusal surfaces the cusps appear rounded and there may be
depressions producing cupping
2 Enamel and dentine — loss of enamel exposing dentine. On incisors this
may resemble a ‘shoulder preparation’ parallel to the crest of the gingivae,
particularly on palatal surfaces
The incisors may appear shorter and there may be chipping of the incisal edges
On occlusal surfaces cupping and rounding-off of cusps is evident
Restorations may be raised above the level of adjacent tooth surface

3 Enamel, dentine, and pulp — loss of enamel and dentine resulting in pulp exposure
9 Assessment cannot be made

Area

0 Normal

1 Less than one-third of surface involved

2 One-third to up to two-thirds of surface involved

3 More than two-thirds of surface involved

9 Assessment cannot be made
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has clearly shown that the shape of occlusal/incisal lesions was similar in the
abrasive and the acidic diet groups. During the process of breaking food, three-
body abrasion can occur as result of the food bolus being moved between antag-
onistic teeth. In the early stage of chewing, when the food bolus separates the
occlusal/incisal surfaces, the important feature is that the teeth do not mate and
that this process tends to abrade the softer regions of the tooth surface resulting
in a hollowing out of the dentine [16]. Significant occlusal tooth wear from
mastication can occur either in the presence of high amounts of abrasives in the
food bolus or in the case of acid-softening of enamel and dentine. This three-
body abrasion would result in rounding and cupping of the cusps, and grooves
on incisal edges making a differentiation between abrasion and erosion on
occlusal surfaces difficult.

In contrast to the occlusal morphology, shallow defects on facial surfaces
localized coronally from the enamel-cementum junction were common in the
acidic diet group but were not observed in the abrasive diet group [15]. Conse-
quently, flat-shaped defects occurring on smooth surfaces could be appraised as
pathognomonic rather than the defects on the occlusal surfaces.

(2) The visual diagnosis of exposed dentine is difficult. Since changes in
anatomical form, color or luster appeared to be easy to observe, the validity of
this criterion still is not fully established.

In a recent study, teeth with signs of occlusal/incisal tooth wear of various
etiology and severity were visually and histologically investigated regarding the
presence of exposed dentine [17]. The study revealed two interesting findings.
The first was that the accuracy (closeness of the visual decision to histological
findings) was poor. Only 65% of areas with exposed dentine, 88% of areas with
enamel present, and 67% of all areas examined were diagnosed correctly. The
second finding was that exposed dentine was not related to significant amounts
of tissue loss, a result that was also found in primary teeth [18]. Dentine was
exposed in all cases of cupping or grooving even if only minor substance loss
occurred. If cupping/grooving is assumed to be basically related to dentinal
exposure, present grading of initial and advanced occlusal lesions should be
reassessed.

Diagnosing exposed dentine, however, could be important for the thera-
peutic approach in cases of erosion or as a prognostic factor with respect to the
progression rate.

Assessment of Progression Rate

The assessment of progression is important as it determines whether pre-
ventive measures taken were successful. Progression can be estimated by depth
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[19-21], area [22], or volume [20]. Only little information is available about
physiological wear rates. They were estimated to be annually 10-30 pwm on
occlusal [20, 23] and 7.5 wm on palatal surfaces [19]. The progression rate in
patients with active erosive tissue loss could reach much higher rates [19].

Clinical signs for progression are a frosty appearance and absence of
extrinsic staining. However, the quantitative assessment of tissue loss is diffi-
cult clinically as reference areas on the tooth surface might change over time.
Consecutive study casts allow an estimation of wear progression [24] which
might be sufficient in individual cases, but are neither sensitive nor suitable for
exact quantification. Optical methods use microscopic techniques generating
consecutive images of dental casts, which are superimposed [25, 26] and have
significant errors. Surface mapping strategies aim to generate computerized
superimposed 3D digital images by scanning consecutive dental casts profilo-
metrically [20, 27], or with an optical 3D sensor [28], or by using electrocon-
ductive replicas [22]. The accuracy and the precision of these methods are
suitable, but mostly expensive equipment is needed. A relatively practicable
procedure was suggested from Bartlett et al. [19], which was further modified
by Schlueter et al. [21]. Metal markers were applied on tooth surfaces serving
as reference and identification area for profilometric measurements. The proce-
dure appears somewhat less sensitive compared to elaborate surface mapping,
but is applicable without extensive equipment. Other applications are discussed
in the chapter 10 by Attin, this vol, pp 152-172.

Even if attempts have been made to introduce methods for the assessment
of progression rates, there is still need for thoroughly evaluated, sensitive, prac-
ticable and preferably chairside procedures.

Future Perspectives

Four major points regarding the diagnosis of erosive tooth wear appear
important for future activities:

e There is need for standardization of terminology and indices.

e Items of currently used indices should be reconsidered with respect to the
validity of diagnostic criteria (particularly for occlusal surfaces) and grad-
ing (the relevance and diagnosis of exposed dentine).

e  Considerations about the differentiation between pathological and physio-
logical erosive tooth wear (on an individual level as well as in the frame of
epidemiological research), which, inter alia, is a matter of age and progres-
sion rate are necessary.

e The development of practicable and preferably chairside diagnostic tools
for progression rate is needed.
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Abstract

There is some evidence that the presence of erosion is growing steadily. Because of dif-
ferent scoring systems, samples and examiners, it is difficult to compare and judge the out-
come of the studies. Preschool children aged between 2 and 5 years showed erosion on
deciduous teeth in 6-50% of the subjects. Young schoolchildren (aged 5-9) already had ero-
sive lesions on permanent teeth in 14% of the cases. In the adolescent group (aged between 9
and 17) 11-100% of the young people examined showed signs of erosion. Incidence data (=
increase of subjects with erosion) evaluated in three of these studies were 12% over 2 years,
18% over 5 years and 27% over 1.5 years. In adults (aged between 18 and 88), prevalence
data ranged between 4 and 82%. Incidence data are scarce; only one study was found and this
showed an incidence of 5% for the younger and 18% for the older examined group (=
increase of tooth surfaces with erosion). Prevalence data indicated that males had somewhat
more erosive tooth wear than females. The distribution of erosion showed a predominance of
occlusal surfaces (especially mandibular first molars), followed by facial surfaces (anterior
maxillary teeth). Oral erosion was frequently found on maxillary incisors and canines.
Overall, prevalence data are not homogeneous. Nevertheless, there is already a trend for
more pronounced rate of erosion in younger age groups. Therefore, it is important to detect
at-risk patients early to initiate adequate preventive measures.

Copyright © 2006 S. Karger AG, Basel

Erosive tooth wear is a common condition in developed societies. The
lesions are often found independent of the age of the population examined. It is
difficult to compare the results of epidemiological studies because of different
examination standards used (calibration of examiner(s), scoring system, num-
ber and site of teeth) and different nonhomogeneous groups examined (age,
gender, number of examined individuals, geographical location). It is easier to
recruit schoolchildren for clinical examinations than adults. Therefore, more



studies on children and adolescents than on adults are found. Nevertheless, it is
important to record erosive tooth lesions to gather data about the prevalence,
the distribution and the incidence of erosion.

If we want to understand the occurrence and distribution of erosive lesions,
we have to be aware of the different etiological factors, such as reflux, vomiting
and diet [1-7]. These causes are discussed in other chapters.

Susceptibility to Erosive Tooth Wear in Children and Adults

There are some differences in the anatomical structure of deciduous teeth
compared with permanent teeth. The enamel of the deciduous teeth is less thick
than the enamel of the permanent dentition. Therefore, the erosive process
reaches the dentine earlier leading to more advanced lesions developing follow-
ing an exposure to acids. Currently, there is contradictory evidence to state that
deciduous teeth are more susceptible to dental erosion than permanent tecth
[8-12] (see chapter 9 by Lussi et al., this vol, pp 140—151). The mechanical
resistance of deciduous enamel is lower than that of permanent teeth because of
the reduced hardness of it [13]. Therefore, substance loss in deciduous teeth can
be more pronounced following erosive tooth wear than in permanent teeth.
Conversely, functional and parafunctional forces in children are, in general, less
than those found in adults. In summary, the differences in susceptibility to ero-
sive tooth wear between children and adults seem to be small.

Prevalence, Incidence and Distribution of Erosion
in Children and Adolescents

Dental Erosion in Preschool Children and Young Schoolchildren

Clinical Studies with Partial Recording of the Teeth

A study of 987 children that were aged between 2 and 5 years from 17
kindergarten schools showed that 309 (31%) had evidence of erosion and 123
(13%) of them showed involvement of dentine and/or pulp. The measurement
of the erosion was confined to primary maxillary incisors [14]. Another dental
examination was carried out on 1,949 children aged 3-5 years in China, and a
total of 112 children (5.7%) showed erosion on their primary maxillary
incisors. Ninety-five (4.9%) were judged to have erosion confined to enamel
and 17 (0.9%) were scored as having erosion extending into dentine or pulp.
A significantly higher prevalence of erosion was observed in children who had
frequently consumed fruit drinks as a baby and whose parents had a higher edu-
cation level [15]. Harding et al. [16] found a link between low socioeconomic
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status, frequent consumption of fruit squash and carbonated drinks and the
occurrence of dental erosion. In this sample, 47% of 202 5-year-old children
showed dental erosion, with 21% of lesions in an advanced state (erosion affect-
ing the dentine or pulp). Only palatal and labial surfaces of primary maxillary
teeth were assessed.

Clinical Studies with Full Mouth Recording

Millward et al. [17] examined a total of 178 4-year-old children and found
that almost the half of them showed signs of erosion. Frequently, the palatal sur-
faces of the maxillary incisors were affected with lesions reaching the dentine.
The authors investigated socioeconomic group and found a greater prevalence
of dental erosion in the higher socioeconomic groups.

The prevalence, severity and distribution of erosive lesions in children liv-
ing in rural Switzerland were investigated. A total of 42 children, were exam-
ined, aged between 5 and 9 years. All children had one or more erosive lesions
confined to enamel on the occlusal surface and 48% of them showed at least
one lesion extending into dentine. Fourteen percent of the children had one or
more erosive lesions detected on the occlusal surfaces of permanent teeth.
Facial and oral erosions were scarce and involved deciduous teeth only. Ten per-
cent had lesions on facial surfaces and 7% on palatal surfaces; all were con-
fined to enamel. Erosion extending into dentine occurred on the facial surfaces
in 5% of the children and on the palatal surfaces in 2%. The facial erosive
lesions were mostly located on the primary central incisors. The most com-
monly affected tooth surfaces were the occlusal surfaces of the deciduous
molars. Oral erosions were seldom found on the permanent maxillary incisors

[18].

Dental Erosion in Adolescents

Study with Assessment of Models

Ganss et al. [19] examined a large sample of preorthodontic study models
of'adolescents (1,000 individuals, mean age 11.4 = 3.3 years); they included all
surfaces of primary teeth. Moderate erosive lesions were found in 70.6%
(facial/oral surfaces: shallow concavities less than one-third of the surface;
occlusal surfaces: small pits and slightly rounded cusps, moderate cupping) and
advanced erosion in 26.4% of the children (facial/oral surfaces: deeper or more
extended concavities [more than one-third]; occlusal surfaces: severe cupping
and grooving). The majority of lesions were found on the occlusal or incisal
surfaces (molars and canines). In the permanent dentition, 11.6% of the indi-
viduals had at least one tooth with moderate erosion and 0.2% with advanced
erosion. The most affected teeth were the first molars in the mandibular jaw.
After a period of 5 years, 265 of the children were followed up by examination

Jaeggi/Lussi 46



of their final study models. Longitudinal observation revealed that subjects
with erosive lesions in their deciduous dentition had a significantly increased
risk (relative risk 3.9) for development of erosion in their permanent dentition.
The incidence of erosion for permanent teeth was as follows: individuals with at
least one tooth with moderate erosion had an increased risk from 5.3 to 23%;
those with advanced erosion this risk was from 0.4 to 1.5%.

Clinical Studies with Partial Recording of the Teeth

Truin et al. [20] evaluated the prevalence of erosive wear among 12-year-
old children in The Hague, the Netherlands. The examination was limited to the
palatal surfaces of incisors and canines, and the occlusal surfaces of first molars
in the permanent dentition. Twenty-four percent of the 12-year-olds exhibited
signs of erosion. Erosive wear was only found on first molars in 11% of the chil-
dren and 9% of them also had a maxillary front tooth affected. No significant
differences were found between the prevalence of erosion and the different
socioeconomic-status groups examined. However, more boys (28%) than girls
(18%) had erosion in any form. Examination of the incisors and molars of 1,753
12-year-old children showed a prevalence of tooth erosion of 59.7%, with 2.7%
exhibiting exposed dentine [21]. Significantly more erosion was detected in boys
than girls. In addition, those with caries experience were found to have more ero-
sion, as were more Caucasians compared with those of Asian origin. Socio-
economically advantaged Caucasian children had significantly less tooth erosion
than the other examined groups. The culture of the children examined appeared
to influence the prevalence of erosion. The distribution of erosive lesions was as
follows: Erosion occurred most frequently on the palatal surfaces of maxillary
incisors (49%) and maxillary molars (53%), as well as the buccal surfaces of
mandibular molars (50%). Dentine was exposed to the greatest extent on the
occlusal surfaces of mandibular molars (2.2%). Tooth erosion was symmetrical
around the midline [21]. The same authors re-examined 1,308 children of the
same sample 2 years later, and found an incidence of erosion of 12.3%. One hun-
dred and sixty-one children who had no evidence of erosion at 12 years devel-
oped erosion over the subsequent 2 years. Erosion was present in 56.3% of
12-year-olds and in 64.1% by the age of 14. The proportion of subjects with
exposure of deep enamel increased from 4.9 to 13.1%, and those with involved
dentine from 2.4 to 8.7%. Boys showed significantly more erosion than girls at
both ages, as did Caucasian compared to Asian children in both age groups [22].
Convenience samples of 129 children (aged 11-13 years) in the USA and 125
children in the UK were examined, only the palatal and facial surfaces of the
maxillary incisors were assessed. Prevalence data were as follows: 41% of the
US and 37% of the UK children showed dental erosion. The lesions were mostly
confined to enamel [23]. Chadwick et al. [24] measured the prevalence of palatal
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erosion of the central maxillary incisors of 197 schoolchildren (aged 11-13
years) with a replica technique. They found 58.5% low erosions (none to limited,
normal wear), 28.7% moderate erosions (obvious change in anatomical form but
no need for treatment) and 12.3% severe erosions (marked change in anatomical
form and need for treatment). Each subject was recorded at baseline and after 9
and 18 months. They concluded that evidence of previous palatal erosion did not
predict future erosion. In London, a cross-section design study containing 525
14-year-old schoolchildren showed a prevalence of 16.9% for facial and 12% for
palatal surface erosion (only the maxillary incisors were examined) [25]. In the
North-West of England a total of 2,385 14-year-old children (48% male, 52%
female) were examined for tooth wear. A total of 1,276 children (53%) had at
least one tooth surface (mean 2 surfaces) with exposed dentine. Significantly
more males had dentine exposed than females. Incisal or occlusal wear into den-
tine was seen most frequently on central incisors and mandibular first molars
(tooth wear was scored on all surfaces of the maxillary six and mandibular six
anterior teeth and on the occlusal surfaces of the first molars) [26].

Clinical Studies with Full Mouth Recording

Caglar et al. [27] in a sample of 153 schoolchildren (aged 11 years) in
Istanbul, Turkey, investigated the occurrence of erosive defects. Twenty-eight
percent of them exhibited dental erosion but no relationship was found between
erosion and possible related sources. A longitudinal study of dental erosion in
73 12-year old girls showed the following: 68% had dental erosion at the begin-
ning of the investigation. After 1.5 years 65 girls were re-examined, and 95%
showed the clinical appearance of erosive lesions. Therefore, the incidence was
27%. The mean number of teeth affected was 2.2 at the start of the investigation
and 5.6 after 18 months [28]. Milosevic et al. [29] examined a total of 1,035
children (mean age: 14 years) in 10 schools in Liverpool, UK. Thirty percent of
them had tooth wear lesions with involvement of dentine, mainly incisally.
Eight percent also exhibited exposed dentine on occlusal and/or palatal sur-
faces; mainly the occlusal surfaces of the first mandibular molars and the
palatal aspects of the maxillary incisors were affected. Statistical evaluation
showed significantly more erosion in males than in females. Al-Dlaigan et al.
[30] established the prevalence of erosion in a cluster random sample of 418 14-
year-old teenagers (209 girls, 209 boys) in Birmingham, UK. They found that
48% of the children had erosion within enamel, 51% had erosion within
enamel, possibly with slight involvement of dentine and 1% had erosion with
advanced involvement of dentine. They postulated a relationship between low
socioeconomic status and the occurrence of erosion. The majority of tooth sur-
faces showed evidence of enamel erosion on both maxillary and mandibular
teeth on the facial and oral aspects. Defects with visible dentine involvement
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were mainly found on the incisal edges of most anterior teeth, whereas dentinal
erosions were most common on the maxillary and mandibular facial surfaces of
anterior teeth. Significantly more males than females showed these lesions. In
Reykjavik, Iceland, 20% of a cohort sample of 15-year-olds was examined
(n = 278). The investigators found that a total of 21.6% of the subjects suffered
from dental erosion, two thirds of these were male. Enamel erosion was found
in 72% of the cases, 23% showed dentinal erosion and 5% had severe dentinal
erosion [31]. Van Rijkom et al. [33] investigated the prevalence and distribution
of smooth-bordered tooth wear in teenagers in The Hague, the Netherlands.
A sample of 345 10—13-year-olds and 400 15- and 16-year-olds were examined
clinically. The investigation was based on a modification of the index of Lussi
et al. [32]. In the younger age group, 3% of the subjects showed visible smooth
wear on enamel. Only one subject (0.3%) had deep smooth enamel wear. In the
older age group, 30% of the subjects had visible smooth wear of enamel, in
11% deep smooth wear of enamel and in one case smooth wear into dentine was
found. In the majority of subjects, first molars and maxillary anterior teeth were
affected. The prevalence of visible smooth wear was significantly higher in
boys than in girls and it tended to increase with increasing socioeconomic status
[33]. To describe the prevalence of eroded tooth surfaces among 15—17-year-old
schoolchildren in a Danish city, 558 subjects were examined for dental erosions.
It was found that 14% of the children had more than three surfaces affected; the
palatal surfaces more so than the facial surfaces. No evidence of lesions in dentine
was observed [34].

Reviewing the data from the national dental surveys of young people in the
UK, a trend towards a higher prevalence of erosion in children aged between
3.5 and 4.5 years was found. Overall, the prevalence data from cross-sectional
national studies indicated that erosion increased with age of children and ado-
lescents over time. In addition, dietary habits, the presence or absence of gas-
troesophageal reflux and sociodemographic parameters had some influence on
dental erosion [35].

A survey of the localization of erosion in children and adolescents is given
in table 1. Prevalence and incidence data are listed in table 2.

To summarize, the results from several epidemiological studies involving
erosive tooth wear in children and adolescents, the following conclusions can
be drawn: with increasing mean age of the population-group examined, there is
a trend to more erosive lesions detected. Males seem to develop more
erosion than females. This involves the palatal surface of the maxillary incisors
and the occlusal surface of the mandibular first molars. The relationship
between the presence of erosive lesions and the socioeconomic status of the
population-groups investigated is controversial and no consensus has been
agreed.
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Table 1. Localization of erosion in children and adolescents: a survey of different epidemiological studies
listed in the order of the age of the examined samples

Author(s) Year Age (years) Localization

Millward 1994 4 Primary dentition: palatal surfaces of the maxillary incisors
etal. [17]

Jaeggi and 2004 5-9 Primary dentition: occlusal surfaces of all teeth
Lussi [18] (predominantly molars); facial and oral surfaces

of the maxillary incisors (scarce)
Permanent dentition: occlusal surfaces of the first molars

Ganss 2001 814 Primary dentition: occlusal (incisal) surfaces of molars and canines
etal. [19] Permanent dentition: occlusal surfaces of mandibular first molars
Milosevic 1994 14 Palatal and incisal surfaces of maxillary incisors; occlusal
etal. [29] surfaces of the first mandibular molars
Al-Dlaigan 2001 14 Low erosion: majority of tooth surfaces; moderate
et al. [30] erosion: incisal edges of anterior teeth; sever erosion: maxillary and
mandibular facial surfaces of anterior teeth
Van Rijkom 2002 10-13 First molars and maxillary anterior teeth
etal. [33] 15-16
Larsen 2005 15-17 Palatal surfaces of maxillary incisors
et al. [34]

Prevalence, Incidence and Distribution of Erosion in Adults

Studies with Assessment of Extracted Teeth or Models

As early as 1972, Sognnaes et al. [36] found in a sample of 10,827
extracted teeth 18% with signs of erosion-like lesions. They noted that
mandibular teeth had a higher frequency of such lesions than the corresponding
maxillary teeth (21% compared to 13%). The highest percentage of erosion-like
lesions was found in mandibular incisors (28%). Khan et al. [37], in a cross-
sectional study, investigated the presence, absence and relative size of cupped
lesions on cusps and occlusal fissures of premolar and permanent molar teeth
using image analysis of study models. The frequencies of the following five
types of lesions on the tooth sites were scored as follows: unaffected (46%),
small (17%), medium (8%), large cuspal-cupped lesions (4%), and fissure
involvement by cupping (3%). Twenty-two percent of the possible tooth sites
were absent. The influence of age was evaluated by comparison of the models
of 59 younger (aged 13-27) and 57 older subjects (aged 28—70). They found a
linear increase in lesion number and size with age. Cupped lesions often
occurred on mandibular first molar cusp tips, and attained greater extension in
adults under 27 years compared with older subjects. They concluded that the
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Table 2. Prevalence and incidence of erosion in children and adolescents (% of examined subjects): a survey of different epidemiological
studies listed in the order of the age of the examined samples

Author(s) Year Sample Erosion Erosion Conclusion
prevalence incidence
Age (years) n examination

Al-Malik et al. [14] 2002 2-5 987 Clinical 31% - 1/3 with erosion, and 1/3 to 1/2 of them
showed involvement of dentine or pulp

Luo et al. [15] 2005 3-5 1,949 Clinical 5.7% - 4.9% with erosion confined to enamel, 0.9%
with involvement of dentine or pulp

Millward et al. [17] 1994 4 178 Clinical 50% - Almost half of the examined children
showed erosion

Harding et al. [16] 2003 5 202 Clinical 47% - 21% of the erosive lesions with involvement
of dentine or pulp

Jaeggi and Lussi [18] 2004 5-9 42 Clinical 100%/14.3% - 100% of the children with enamel erosion,
47.6% with dentinal erosion, 14.3% already
with erosion on permanent teeth

Caglar et al. [27] 2005 11 153 Clinical 28% - No significant differences in prevalence
data between girls and boys

Ganss et al. [19] 2001 8-14 1,000 Models 70.6%/11.6% — Primary teeth: 70.6% with moderate
erosion, 26.4% with advanced erosion;
permanent teeth: 11.6% (moderate erosion)
and 0.2% (advanced erosion)

16 265 Models —/23% —/18% Permanent teeth (longitudinally): increase of
within 5 erosion from 5.3 to 23% (moderate erosion)
years and from 0.4 to 1.5% (advanced erosion)

Dugmore and Rock 2004 12 1,753 Clinical 59.7% - 2.7% of the erosive lesions with involvement
[21] of dentine
Truin et al. [20] 2005 12 324 Clinical 24% - 24% of the children showed signs of erosion
Deery et al. [23] 2000 11-13 129 (US) Clinical 41% (US) - Erosion was mostly confined to enamel
125 (UK) 37% (UK)
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Table 2. (continued)

Author(s) Year Sample Erosion Erosion Conclusion
prevalence incidence
Age (years) n examination
Chadwick et al. [24] 2005 11-13 197 Clinical 100% - 58.5% with low erosion, 28.7% with
(replica moderate erosion, 12.3% with severe
technique) erosion

Nunn et al. [28] 2001 12/13.5 73/65 Clinical 68%/95% 27% after ~Mean number of affected teeth rose from

1.5years 2.2t05.6

Dugmore and Rock 2003 12/14 1,308 Clinical 56.3%/64.1% 12.3% Deep enamel erosions increased from 4.9 to

[22] within two  13.1% and with dentine involvement from
years 2.4t08.7%

Milosevic etal. [29] 1994 14 1,035 Clinical 30% - 30% with involvement of dentine; more
males than females showed tooth wear
lesions

Williams et al. [25] 1999 14 525 Clinical 17%%/12%*  — 17% of facial and 12% of palatal surfaces of
maxillary incisors with erosion

Al-Dlaigan et al. [30] 2001 14 418 Clinical 100% - 48% with low erosion, 51% with moderate
erosion, 1% with severe erosion

Bardsley et al. [26] 2004 14 2,385 Clinical 53% - 53% had at least one tooth with exposed
dentine

Arnadottir et al. [31] 2003 15 278 Clinical 21.6% - 72% of the erosions confined to enamel,
23% reaching the dentine, 5% reaching
deep into dentine

Van Rijkom et al. [33] 2002 10-13 345 Clinical 3% - 3% of the younger and 30% of the older age

15-16 400 30%/11% group showed visible smooth wear; 11% of
the older age group had deep enamel
lesions

Larsen et al. [34] 2005 15-17 558 Clinical 14% - 14% more than 3 surfaces of erosion

3% of examined tooth surfaces.




mandibular first permanent molar is an indicator for the age of onset and sever-
ity of dental erosion.

Studies with Partial Recording of the Teeth

Xhonga et al. [38] investigated the progression of erosive tooth wear in 14
patients with erosion-like patterns (aged between 26 and 65 years). They found
an average daily rate of progression of approximately 1 wm. In another study, a
random selection of 95 males with a mean age of 20.9 years was scored. Only
the maxillary anterior teeth were included. They concluded that 28% of the
teeth in this sample showed pronounced dental erosion [39].

Clinical Studies with Full Mouth Recording

In a two-centre study, Xhonga and Valdmanis [40] examined a total of 527
randomly selected patients for erosive tooth wear (aged 1488 years). Erosion-
like lesions found were divided into three groups: minor, moderate and severe.
This study suggested that the prevalence in the USA was about 25% for erosive
tooth wear. Minor lesions (prevalence about 20%) were found most often in pre-
molar and anterior teeth. Moderate lesions were scarce (prevalence about 4%) and
equally distributed. Severe lesions (prevalence about 25%) were found predomi-
nantly in molar regions, followed by premolars. In a case-control study, in the
Metropolitan Helsinki area, Finland, 100 controls (mean age: 36.3 years; range:
17-83 years) were randomly selected by dentists. Five of these control subjects
had erosion. Therefore, the prevalence of dental erosion in patients of this area
was 5%. Although only 5 of the examined individuals showed erosive defects,
most of them admitted to having regular exposure to acid. Dietary exposure was
present in 21, gastric exposure in 19 and both exposure types in 5 cases. Fifty-five
of the controls did not exceed any of the exposure limits [2]. Jaeggi et al. [41]
assessed a sample of 417 Swiss army recruits (aged between 19 and 25 years).
Clinical examination showed dental erosions on all tooth surfaces with the most
pronounced defects found on occlusal aspects. Eighty-two percent of the screened
recruits had erosive lesions within enamel on these tooth surfaces. Occlusal
lesions with involvement of dentine were found in 128 recruits (30.7%). Facial
defects occurred in 60 cases (14.4%, enamel erosion) and 2 cases (0.5%, dentinal
erosion). Palatal erosions were scarce with only 3 (0.7%) individuals affected.
The localization of the erosive lesions were as follows: facial erosions were fre-
quent on canines and premolars of both jaws, occlusal erosions on first molars
and premolars of both jaws and palatal erosions on maxillary anterior teeth. Lussi
et al. [32] examined the frequency and severity of erosion on all tooth surfaces of
391 randomly selected persons from two age groups: 2630 and 4650 years.
Erosions confined to enamel were found on facial surfaces in 11.9% of the
younger and 9.6% of the older subjects. Whereas, more pronounced erosive
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Fig. 1. Distribution of erosion confined to enamel on facial surfaces of two age groups
(dark columns = 26-30 years; white columns = 4650 years; n = 391) [32].
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Fig. 2. Distribution of erosion with involvement of dentine on facial surfaces of two
age groups (dark columns = 26-30 years; white columns = 4650 years; n = 391) [32].
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Fig. 3. Distribution of erosion confined to enamel on occlusal surfaces of two age
groups (dark columns = 26-30 years; white columns = 4650 years; n = 391) [32].
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Fig. 4. Distribution of erosion with involvement of dentine on occlusal surfaces of two
age groups (dark columns = 26-30 years; white columns = 4650 years; n = 391) [32].
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defects (erosion with involvement of dentine) were found in 7.7% of the younger
and 13.2% of the older age group. On average, 3.5 teeth per person in the younger
and 2.8 teeth per person in the older age group were affected. Occlusally, erosions
confined to enamel were found in 35.6% of the younger and 40.1% of the older
persons. At least one severe erosive lesion was observed in 29.9% of the younger
and 42.6% of the older sample. Therefore, 3.2 teeth per person in the younger and
3.9 teeth per person in the older group showed these advanced lesions. Statistical
analyses revealed a significant impact of the consumption of erosive drinks and
foodstuffs on facial and occlusal erosions. On the palatal surfaces in 3.6% of the
younger and 6.1% of the older examined individuals slight erosive defects were
found (erosion confined to enamel). Severe palatal erosions were scarce and
highly associated with chronic vomiting (figs. 1-4). To determine the progression
of erosive defects, the same authors re-examined 55 persons 6 years later. They
found a distinct progression of erosion on facial and occlusal surfaces. The
increase in the defects was more pronounced in the older age group. The preva-
lence of occlusal erosions involving dentine rose from 3 to 8% (younger age
group) and from 8 to 26% (older age group). An increase in facial erosions was
observed over the entire dentition but especially in premolar and molar areas. The
increase in erosion with denudation of dentine ranged from 4.2% (tooth 16) to
17.6% (tooth 15) with no differences between maxillary and mandibular jaws.
The increase in occlusal lesions in the premolar and molar areas was even more
marked: for dentinal erosion from 0.1% (tooth 35) to 33.4% (tooth 14), again with
no differences between maxillary and mandibular jaws. Oral erosions were
detected only in the maxillary jaw. The most marked increase in oral erosion was
found in the central incisors (from 6 to 10%). Although all patients initially were
personally informed about the risk factors for the development and progression of
erosive lesions, they did not change their nutritional habits. Statistical analyses
showed that 28% of the variability of the progression of erosion could be
explained with the consumption of nutritional acids and age. Further, it was
shown that one-third of the patients accounted for about two-thirds of the total
progression. Four or more nutritional acidic intakes per day were associated with
higher progression when it was combined with low buffer capacity of stimulated
saliva and hard toothbrushes (p < 0.01) [42] (figs. 5, 6). Schiffner et al. [43]
investigated in a nationwide representative study in Germany, the prevalence of
noncarious cervical lesions involving two age groups: 35-44 and 6574 years.
They found that 42.1% of the younger and 46.3% of the older individuals showed
at least one of these lesions (mean number of lesions per subject for the two
groups: 2.2 and 2.5 teeth, respectively). Erosion confined to enamel was found in
6.4% of the younger and 4.1% of the older age group. Advanced erosion with
involvement of dentine was present in 4.3% of the younger and 3.8% of the older
individuals. Cervical wedge shaped defects were found in 31.5% of the younger
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Fig. 5. Progression of erosion on facial surfaces (46—50 years group): Distribution of
all the defects — if present — at baseline (light columns) and 6 years later (dark columns)
[modified from 42].

and 35% of the older population group. There was a significantly higher preva-
lence of noncarious cervical lesions in men than in women. Considering the
reduced number of teeth, a significant increase in the presence of these alterations
was found in older subjects.

Clinical Studies of Specific Population Groups

Mathew et al. [44] examined the erosion status of 304 athletes from the Ohio
State University, USA. The athletes ranged in age from 18 to 28 years. Total
prevalence of dental erosion of this specific population was 36.5%, of which
2.3% represented facial erosion, 35.5% occlusal erosion, and 0.7% palatal ero-
sion. Enamel erosion was detected in 75.2% of the cases, the remaining showed
dentinal involvement as well. The mandibular first permanent molar was the most
often affected tooth, especially the occlusal surface of this tooth. No relationship
was found between consumption of sports drinks and dental erosion. In another
study, Ganss et al. [45] examined the frequency and severity of dental erosion and
its association with nutritional and oral hygiene factors in subjects living on a raw
food diet. As part of a larger investigation, 130 subjects whose ingestion of raw
food was more than 95% of the total food intake were examined (age of subjects
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Fig. 6. Progression of erosion on occlusal surfaces (46—50 years group): Distribution
of all the defects — if present — at baseline (light columns) and 6 years later (dark columns)
[modified from 42].

was 18-63 years; median duration of the diet: 39 months). Dental erosion was
measured using study models. The results were compared with those of 76 sex-
and age-matched, randomly selected controls. Compared to the control group,
subjects living on a raw food diet had significantly more dental erosion: at least
one tooth with severe erosion was found in 60.5% (controls: 31.6%), moderate
erosion in 37.2% (controls: 55.2%) and only 2.3% (controls: 13.2%) of the sub-
jects had no erosive defects. In both groups (raw food and controls), the risk of
erosive lesions was highest on occlusal surfaces. On these surfaces, erosive
defects were distributed evenly but pronounced at mandibular first molars (raw
food group only). Facial erosion was most frequently detected in the anterior
region of the maxilla, and in canines and premolars in the mandible. On palatal
surfaces, erosion was found in the maxillary and mandibular anterior area.
Tuominen et al. [46] investigating dental erosion in a population from a factory
found an average prevalence of erosion for the control group of 26%.

Tooth Wear Studies in Context with Erosion

As already discussed, not only erosion per se leads to tooth surface loss. The
degradation of tooth surface occurs mainly because of chemical and/or mechanical
influences. The damage of dental hard substance increases dramatically if acid
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etched surfaces are mechanical loaded [6]. For the clinical evaluation of tooth
wear, it is also important to take the age of the patient into consideration.
Obviously, it is more common for older people to show more tooth-substance
loss than younger people [42]. Smith and Knight [47] defined an index, which
considers the relationship between age and the damage to teeth caused by ero-
sion, attrition, abrasion and combinations of these conditions (see chapter 2 by
Ganss, this vol, pp 9-16). They proposed threshold levels to distinguish physio-
logical and pathological levels of tooth wear: the six age groups were: 25 years
or less; the four decades from 26 to 65 years; and 66 years and over. The thresh-
old levels were adjusted following the results obtained from different studies.
The index showed good reproducibility: 70-93% with seven trained examiners.
In order to enhance its effectiveness the tooth wear index of Smith and Knight
was modified [48]. A study in South East England investigated the prevalence of
tooth wear in 1,007 dental patients. More than 93,500 tooth surfaces were exam-
ined and over all 5.1% had wear which exceeded the threshold values. Only 9
patients had completely unworn dentitions. The 15-26-year age group showed
5.73% of tooth surfaces which where worn to an unacceptable degree; the three
intermediate groups (age groups 26-35, 3645 and 46-55 years) had values
between 3.37 and 4.62%, the 56—65-year age group had 8.19%, and the over 65-
year age group had 8.84% of the surfaces with pathological tooth wear. In par-
ticular, the older age groups had higher levels of unacceptable tooth wear, and
men tended to have slightly more wear than women [49]. From the Community
of Jonkoping (Sweden), 585 randomly selected dentate individuals were
screened for occlusal and incisal tooth wear. The age of the people examined was
20-80 years. The results showed an increase of severity and prevalence of wear
with age. Men presented with more teeth showing occlusal wear than women.
The factors significantly related to tooth wear were: number of teeth present;
age; sex; occurrence of bruxism; use of snuff, and saliva buffer capacity [50].
The tooth wear index of a random sample of adults aged 45 years and over from
Newecastle-upon-Tyne (UK) was assessed by Donachie and Walls [51]. Five hun-
dred and eighty-six subjects were dentate and able to undergo the examinations.
Results showed significantly increasing wear levels with increasing age for all
cervical and occlusal/incisal tooth surfaces. Especially in the older age cohort,
occlusal/incisal surfaces showed some of the highest mean wear scores. With the
exception of palatal surfaces of maxillary anterior teeth, no significant variation
in tooth wear with age was found for buccal or palatal surfaces. The mean wear
scores were greater in males than females. Only a small variation was found
between subjects of different social classes. As already discussed, some of the
citied investigations only used a partial recording score system, where six or
twelve anterior teeth were scored to measure tooth wear. To establish whether
partial recording can be used for the measurement and reporting of tooth wear
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Table 3. Localization of erosion in adults: a survey of different epidemiological studies listed in the order of
the age of the examined samples

Author(s) Year  Age (years) Localization

Sognnaes et al. [36] 1972 — Mandibular teeth (21%) with a higher frequency
than the corresponding maxillary teeth (13%); with 28%
Mandibular incisors showed the most lesions

Xhonga and 1983  14-88 Minor erosions: premolars and anterior teeth
Valdmanis [40] Severe erosions: molars and premolars
Jaeggi et al. [41] 1999  19-25 Facial erosions: maxillary and mandibular canines and premolars

Occlusal erosions: maxillary and mandibular first molars
and premolars
Palatal erosions: maxillary incisors and canines
Mathew et al. [44] 2002  18-28 Occlusal surface of mandibular first permanent molar
most often affected
(specific population study)
Ganss et al. [45] 1999  18-63 Facial erosions: anterior region of the maxillary
jaw; canines and premolars of the mandibular jaw
Occlusal erosions: most affected surfaces; evenly distributed
(mandibular first molar)
Palatal erosions: maxillary and mandibular anterior area
(specific population study)
Lussi et al. [32] 1991 26-30 Facial erosions: maxillary and mandibular
46-50 canines and premolars
Occlusal erosions: maxillary and mandibular premolars and molars
Palatal erosions: maxillary incisors and canines
Lussi et al. [42] 2000 32-36 Facial erosions: increase especially on premolar and molar surfaces
52-56 Occlusal erosions: increase especially on canine,
premolar and molar surfaces
Palatal erosions: increase especially on maxillary central
incisor surfaces

data in samples of adult populations, Steele and Walls [52] examined several dif-
ferent partial recording systems and compared them to the whole mouth coronal
tooth wear data from a large random population sample of 1,211 dentate older
adults in England (age 60 years or older). The 12 anterior teeth were the ones
most often affected by moderate or severe wear, and when all 12 teeth were used
as the index teeth, few wear cases were missed. They concluded that partial
recording by screening six or twelve anterior teeth is appropriate for measuring
tooth wear data in large population investigations.

A survey of the localization of erosion in adults is given in table 3.
Prevalence and incidence data are summarized in table 4.
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Table 4. Prevalence and incidence of erosion in adults (% of examined tooth surfaces): a survey of different epidemiological studies listed
in the order of the age of the examined samples

Author(s) Year  Sample Erosion Erosion Conclusion
prevalence incidence
Age (years) n Examination
Sognnaes 1972 - 10,827  Extracted 18%? - Mandibular teeth (21%) with higher
et al. [36] teeth frequency of erosion than the
corresponding maxillary teeth (13%)
Xhonga and 1983  14-88 527 Clinical 25%P - Minor and severe erosions predominant
Valdmanis [40]
Johansson 1996 21 95 Clinical 28%* - Pronounced erosion (only maxillary
etal. [39] anterior teeth were scored)
Jaeggi 1999 19-25 417 Clinical F: 14.4%/0.5% - Prevalence data: enamel/dentinal erosions
etal. [41] 0: 82.0%/30.7% are listed
P: 0.7%/0.0% F=facial, O=occlusal, P=palatal
Occlusal erosions most frequent
Lussi et al. 1991  26-30 194 Clinical F: 11.9%/7.7% - Prevalence data: enamel/dentinal erosions
[32] 0: 35.6%/29.9% are listed
P: 3.6%/0.0% F=facial, O=occlusal, P=palatal
46-50 197 F: 9.6%/13.2% Increase of number and severity
0: 40.1%/42.6% of erosive lesions with increasing age
P: 6.1%/2.0%
Lussi and 2000 32-36 55 Clinical 0: 8% 0: 5% O = occlusal erosions involving dentine
Schaffner [42] 52-56 0:26% 0:18% Progression of erosion on facial and
occlusal surfaces especially in the older
age group
Smith and 1996 15-26 1,007  Clinical 5.73% - % of tooth surfaces with pathological level
Robb [49] 26-55 3.37-4.62% of tooth wear in relation to age
5665 8.19% (tooth wear study)
>65 8.84%
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Table 4. (continued)

Author(s) Year  Sample Erosion Erosion Conclusion
prevalence incidence
Age (years) n Examination
Schiffner 2002 3544 655 Clinical 6.4%" /4.3%P - Prevalence data: facial enamel/dentinal
et al. [43] (42.1%") erosions are listed
65-74 1,027 4.1%" /3.8%" (total of noncarious cervical lesions)
(46.3%")

2% examined teeth; *% examined subjects.




Conclusions

As mentioned previously, it is difficult to make comparisons between stud-
ies, because of the different indices used and also because of the different teeth
assessed in the sample. This is compounded by the multifactor nature of tooth
wear. Tooth surface substance loss has different causes: erosion, attrition, abra-
sion and abfraction all contribute to the functional loss and aging of the teeth
[53]. Prevalence data show that erosive tooth wear is a common condition. It
can start as soon as the first dental surface reaches the oral cavity by exposure
to extrinsic or intrinsic acid. Primary and permanent teeth are equally involved.
If, in addition, mechanical stress loads the tooth surface, the progression of the
defects increases further. Erosive tooth wear can be found on all tooth surfaces
but is most common on occlusal and facial surfaces of all maxillary and
mandibular teeth and on palatal surfaces of the maxillary anterior teeth.

Systematic (cross-sectional) prevalence data and incidence studies are
scarce and, therefore, a conclusion about the occurrence, progression and distri-
bution of erosive tooth wear cannot be made easily. There are some indications
that the prevalence of erosive tooth wear shows an increase especially in
younger age groups. The main explanation for this could be the change in nutri-
tional habits and lifestyle. For the future, it is important to collect more data and
obtain additional information about this condition. It would be of benefit if sys-
tematic investigations would be undertaken on all age groups, all social classes
and the population of different geographic regions and cultures. Erosive tooth
wear is a growing condition of the oral cavity and it is essential that adequate
preventive measures are implemented on a risk group level.
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Abstract

The mineral in our teeth is composed of a calcium-deficient carbonated hydroxyapatite
(CajoNa, (PO,)s., (CO3), (OH),, F,). These substitutions in the mineral crystal lattice, espe-
cially carbonate, renders tooth mineral more acid soluble than hydroxyapatite. During erosion
by acid and/or chelators, these agents interact with the surface of the mineral crystals, but only
after they diffuse through the plaque, the pellicle, and the protein/lipid coating of the individ-
ual crystals themselves. The effect of direct attack by the hydrogen ion is to combine with the
carbonate and/or phosphate releasing all of the ions from that region of the crystal surface
leading to direct surface etching. Acids such as citric acid have a more complex interaction. In
water they exist as a mixture of hydrogen ions, acid anions (e.g. citrate) and undissociated acid
molecules, with the amounts of each determined by the acid dissociation constant (pK,) and
the pH of the solution. Above the effect of the hydrogen ion, the citrate ion can complex with
calcium also removing it from the crystal surface and/or from saliva. Values of the strength of
acid (pK,) and for the anion—calcium interaction and the mechanisms of interaction with the
tooth mineral on the surface and underneath are described in detail.

Copyright © 2006 S. Karger AG, Basel

Our objective is to provide a model for the chemical understanding of den-
tal erosion. With a true understanding of the mechanisms involved, it is possible
to readily interpret observations both in research and in the clinic, and most
importantly as the basis for preventive interventions and therapy for patients.
The chemistry behind erosion is the key to embracing the information in this
publication and putting it into practice in the real world.

First, we must review the chemical nature of enamel and dentine since this
is the substrate upon which erosive agents have their effect.



Table 1. Approximate composition of enamel and dentine as volume
percent of total tissue [1, 2]

Component Enamel percent Dentine percent
by volume by volume

Carbonated hydroxyapatide 85 47

Water 12 20

Protein and lipid 3 33

Enamel and Dentine Composition

Dental enamel and dentine consist of mineral, protein, lipid and water [1-3].
The two tissues are very different in their structure, while at the same time having
similar components. Each is comprised of millions of tiny crystals laid down in a
water/organic matrix. Dental enamel is approximately 96% by weight mineral,
but more importantly if the components are calculated by percent volume instead,
it is obvious that the organic and water components play an important role even in
enamel compared with dentine. Molecules diffuse through the water/protein/lipid
matrix that surrounds the mineral crystals. Table 1 presents approximate compo-
sition for enamel and dentine as volume percent of each of the components, as
reviewed by Curzon and Featherstone [2].

The mineral in our teeth and bones is composed of a highly substituted
hydroxyapatite (HAP), better described as a calcium-deficient carbonated HAP
[4]. A simplified formula that helps to illustrate this is Ca;_x Na, (PO,)s-,
(CO;y), (OH),_, F, in contrast to HAP which has the perfect formula Ca,,
(PO,)¢(OH),. Tooth mineral is calcium deficient, as indicated by the 10 —x after
the Ca in the formula. Some calcium ions are replaced by other metal ions, such
as sodium, magnesium and potassium totaling approximately 1%, with sodium
(Na) being the most abundant. Some of the OH™ ions can be replaced by F~.
However, the major substitution is carbonate (CO;) that replaces some of the
phosphate (PO,) but not on a one/one (stoichiometric) basis, hence the phosphate
is designated as 6—y and the carbonate as z. These substitutions in the mineral
crystal lattice, especially carbonate, disturb the structure [4, 5]. Because of
these substitutions the mineral in enamel and dentine is much more acid soluble
than HAP (see fig. 2), which in turn is much more soluble than fluorapatite
(FAP) which has the formula Ca,, (PO,4)¢F, [1, 4, 6]. Dentine and enamel have
similar mineral compositions, although the carbonate content is much higher
in dentine. The carbonate content of enamel is approximately 3% while in
dentine it is 5-6%, making dentine mineral even more acid soluble. Further,
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the crystals in dentine are much smaller than those in enamel, therefore the
surface area per gram dentine is much higher giving more surface available for
acid attack.

The proteins in enamel (table 1) are primarily present as a very thin cover-
ing on the individual crystals and comprise approximately half of the organic
material. The other half of the organic material in the enamel is lipid [7].
The water content of enamel is sufficient for diffusion of acids and other
components into the tooth and of mineral (calcium and phosphate) out of the
tooth during the erosion process [8]. In contrast, dentine has different proteins
and a large component of the tissue is collagen type 1 with about 10% of the
protein comprised of a range of noncollagenous proteins, such as phosphopro-
teins, proteoglycans and Gla proteins [9]. There is also about 1% by weight of
lipid in dentine [7]. As can be seen from table 1, the water content of dentine is
substantial.

During erosion by acid and/or chelators these agents interact with the sur-
face of the mineral crystals but only after they diffuse through the plaque (if
there is plaque present), through the pellicle (see below), and through the pro-
tein/lipid coating on the individual crystals themselves.

Acids and Chelating Agents

Chemical erosion of the teeth occurs either by the hydrogen ion derived
from strong/weak acids, or by anions which can bind or complex calcium. The
latter are known as chelating agents. It is rare that a simple inorganic acid, such
as hydrochloric acid, is present in the mouth. Mostly, we are concerned with so-
called weak acids, such as citric and acetic acid.

The hydrogen ions, H*, are derived from acids as they dissociate in water.
For example, citric acid (fig. 1) has the possibility of producing three hydrogen
ions from each molecule. The H* ion itself can attack the tooth mineral crystals
and directly dissolve by combining with either the carbonate ion or the phos-
phate ion, as shown in equation (1).

Cayo_,Na, (POy)s-, (CO;), (OH),_,F, + 3H" —
(10—x)Ca?* + xNa* + (6—y)(HPO2") + z(HCO;") + H,0 + uF~ (1)

The effect of direct attack by the hydrogen ion is to combine with the car-
bonate and/or phosphate releasing all of the ions from that region of the crystal
surface leading to direct surface etching. For example, hydrochloric acid, which
dissociates completely in water to hydrogen ions and chloride ions, rapidly and
directly dissolves and removes the mineral surface. The chloride ion plays no
role in the mineral dissolution process.
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Fig. 1. Schematic representation of citrate ion chelating a calcium ion. The diagram
represent the situation where two of the COOH groups have lost the hydrogen and are nega-
tively charged, thereby attracting the positively charged calcium ion (a). In the basic pH
range even three COOH groups may have lost the hydrogen (b).

Table 2. Acid dissociation constants (pK, = —log K,, where K, is the acid dissociation
constant) and calcium association constants (where log K* is the stability constant with
calcium ion) for selected acids and chelating agents (thermodynamic values for 25°C except
where indicated) [in part from 18]

Acid pKal pKaZ pKa3 lOg KCa(l) lOg KCa(Z) 10g KCa(3)
Acetic 4.76 1.18

Lactic 3.86 1.45

Citric 3.13 4.76 6.40 1.10 3.09 4.68
Phosphoric 2.15 7.20 12.35 1.40 2.74 6.46
Tartaric 3.04 4.37 0.92%* 2.80

Carbonic 6.35 10.33 1.00 3.15

Oxalic 1.25 4.27 1.84 3.00%**

EDTA 10.7

*Higher numbers indicate stronger binding.
**Temperature not stated, ionic strength 0.2.
***18°C, zero ionic strength.
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Acids such as citric acid (fig. 1) have a more complex interaction. In water
they exist as a mixture of hydrogen ions, acid anions (e.g. citrate) and undisso-
ciated acid molecules, with the amounts of each determined by the acid dissoci-
ation constant and the pH of the solution. The hydrogen ion behaves exactly as
described above and directly attacks the crystal surface. Over and above the
effect of the hydrogen ion the citrate anion may complex with calcium also
removing it from the crystal surface. Each acid anion has a different strength of
calcium complexation dependent on the structure of the molecule and how eas-
ily it can attract the calcium ion (fig. 1). Consequently, acids such as citric have
double actions and are very damaging to the tooth surface.

The strength of acids are given by their acid dissociation constant (K,)
values. The most useful way of describing the strength of acids is the pK, value
(table 2) which is the negative logarithm of the K, value. When the pH value
(acidity) of a solution equals the pK, of a weak acid the acid exists as 50%
anion and 50% undissociated acid molecule, providing hydrogen ions to the
solution. In the case of erosion as the hydrogen ions interact with the apatite
mineral the acid equilibrium shifts providing more hydrogen ions to continue
the erosion. Equation (2) illustrates the equilibrium for such acids using acetic
acid as an example:

CH,COOH ¢ CH,COO~ + H* )

The stability constant (K) for the anion—calcium interaction is a measure of
the strength of this interaction. Increasing values of logK (table 2) indicate a
stronger bond. Citric acid is much more damaging to the mineral than acetic
acid from the perspective of calcium binding. The stronger the bond, the more
likely the anion is to pull calcium from the apatite mineral surface and into
solution, i.e. to erode the crystal surface. Dental erosion is a combination of the
mineral being dissolved by attack from the hydrogen ion and mineral dissolving
by calcium being complexed by anions, especially those with strong chelating
action such as citric acid and EDTA (table 2). EDTA is a well known chelating
agent that is used to demineralize bone and teeth samples for histological eval-
uation. EDTA can demineralize at neutral pH because of the strength of the
binding with calcium ions (table 2).

For weak acids, such as acetic acid, as the hydrogen ions are used up in their
interaction with the apatite the equilibrium shifts to the right (eq. (2)) continually
providing hydrogen ions until all the acid is used up. This describes chemically
how acetic acid erosion in the form of vinegar works to dissolve the teeth as
reported by Lussi et al. [10] for salad dressing erosion. In the case of acetic acid,
the calcium/acetate formation is very weak and plays little part in erosion. On
the other hand, lactic acid binds stronger to calcium because of the added OH
side group on the molecule. Lactic acid (pK, = 3.86) is also stronger than acetic
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Table 3. Acid composition of different beverages (g/1)

Beverage pH Phosphoric  Citric D-isocitric ~ Malic Miscellaneous
acid acid acid acid acids

Pineapple juice 34-35 5.9 1.3 Salicylic: 0.16

Apple juice, fresh 3.0-34 0.05-2 0.01 7.4 Lactic: 0.17
Formic: 0.02

Cola beverage 22-26 33 9 Carbonic: 4-6

Grapefruit juice, fresh  3.2-3.4 13.9 194 0.44

Orange juice, fresh 34-37 7.6-11.9 0.1 1.1-2.9

Red wine 34-37 0.3-5.1  Lactic: 2.4
Tartaric: 1.5

White wine 34-3.7 0.14 35 Lactic: 1.7

Tartaric: 0.3

acid (pK, = 4.76) therefore providing hydrogen ions more readily, producing a
lower pH in solution and behaving similarly to equation (2) for acetic acid.
However, lactate also binds calcium. Interestingly, because of this, lactic acid
can erode dental enamel even at pH 6—7, where there is almost no hydrogen ion
present and the etching is due to binding of calcium with the lactate ion [11].

Citric acid is even more complicated. It has three pK, values, one for each
of the hydrogen ions reversibly bound to the citrate ion (table 2), as illustrated in
figure 1 and equation (3):

HOOCCH,COH(COOH)CH,COOH <> HOOCCH,COH(COOH)CH,CO0~
& “00CCH,COH(COOH)CH,CO0~«> “00CCH,COH(COO~)CH,CO0~ 3)

The citrate ion can exist in each of the forms shown in equation (3), and
when two or even all of the three H’s have been removed from the molecule it
forms a complex with calcium by a three-dimensional electrostatic interaction
from each of the COO™ groups to the calcium ion (fig. 1; eq. (3)), thereby
acting as a so-called chelator. This form will only occur in basic pH values. This
means that citric acid at lower pH, such as 2, provides hydrogen ions to directly
attack the mineral surface and at higher pH, such as 7, the citrate ion draws the
calcium out of the crystal surface. At intermediate pH values both mechanisms
are in place. In the case of fruits and fruit juices (table 3) which are high in cit-
ric acid many reports of erosion are in the literature (see chapter 7.1.1 by Lussi
et al., this vol, pp 77-87).

Phosphoric acid has three pK, values and further binds to calcium in
solution (table 2). Phosphoric acid provides hydrogen ions at low pH, such as 2,
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and binds calcium at higher pH, such as 7. In between, both mechanisms are in
effect, just as with citric acid. Citrate, however, forms a complex with calcium
because of the relative sizes and three-dimensional shapes of the molecules.

Acid Interactions with the Mineral

Figure 2 shows the solubility lines (so-called isotherms) for enamel min-
eral, HAP and FAP versus the pH, taking into consideration the concentrations
of calcium and phosphate in the solution. The vertical axis is the negative loga-
rithm of the combined total concentrations of calcium and phosphate, in any
solution, which could be in saliva, in plaque fluid, in the aqueous film on the
surface of the tooth, or inside the enamel or dentine. The enamel line is above
the HAP line, which in turn is above the FAP line, indicating orders of magni-
tude differences in solubility between each of these. Dentine (not shown for
clarity) is even higher in solubility than enamel. Calcium and phosphate combi-
nations above any line are so-called ‘supersaturated’ with respect to that
mineral and cannot dissolve. Below the line they are ‘undersaturated’ and
dissolves. This means that if we start at a point on the enamel surface step 1
(fig. 2) indicates changing to a lower the pH, and because the solution is under-
saturated with respect to enamel mineral must dissolve until the concentration
increases back to the enamel solubility line (step 2). As the pH is raised by
buffering from saliva (step 3; fig. 2) the solution becomes supersaturated and
new mineral can form on the crystal surface (step 4; fig. 2). If fluoride is pre-
sent FAP can form, which has a much lower solubility than the original enamel
as described in more detail below. The additional importance of this diagram is
that if the concentrations of calcium and/or phosphate are increased at any pH it
is possible to be above the solubility line and to stop dissolution of the crystals.
With respect to erosion it is therefore possible to add calcium and or phosphate
to food and beverages, such as orange juice or black currant juice, and to pro-
tect against the erosion caused by the citric acid content. Further, the added cal-
cium can complex with the citrate also inhibiting the chelation effect described
above.

It is possible after an erosion challenge to remineralize a softened subsur-
face provided it has not been directly etched away. Saliva buffers the acid
returning the pH to neutral, as illustrated by step 3 in figure 2. In this case cal-
cium and phosphate from saliva or other sources can now cause remineraliza-
tion, and in the presence of sufficient fluoride a new mineral surface forms
which is much less soluble in acid (step 4; fig. 2). However if a severe erosion
challenge follows it can still overcome the protection and directly erode the sur-
face, especially if a chelator, such as citric acid is present.
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Fig. 2. Solubility lines for enamel, HAP and FAP. T, and Tj are the total concentra-
tions of calcium and phosphate in solution, respectively. The numbered steps represent stages
in mineral loss by acid attack, namely lowering the pH from say 7.3 to 4.5 at the enamel sur-
face as the acid beverage attacks the tooth surface (step 1), and dissolving calcium and phos-
phate (step 2). Step 3 is when saliva flows over the affected area and the pH rises to say 7.0.
If fluoride is present, together with saliva the softened surface is repaired (step 4), at least
partially, forming a mineral surface closer to FAP which then requires a larger pH drop to be
dissolved. If fluoride is not present then the step 4 line stops at the enamel line, and the cycle
simply repeats itself and the tooth mineral continues to dissolve.

Pellicle and Diffusion Barriers

As soon as the tooth erupts into the mouth a salivary pellicle begins to form
on the surface. The pellicle is derived from specific salivary proteins and
lipids that bind to the surface of the tooth [12, 13]. The salivary proteins such as
statherin, proline rich proteins, some histatins, and phospholipids comprise the
initial pellicle [14]. The pellicle is continually regenerated throughout the life of
the tooth in the mouth. The net effect with respect to erosion is that the pellicle
forms a diffusion barrier, similar to a lipid/protein membrane, and protects the
very outer surface against direct acid attack. The plaque bacteria build upon the
pellicle, forming a further diffusion barrier, wherever plaque is present (see
chapter 7.1.2 by Hara et al., this vol, pp 88—99). On smooth accessible surfaces
there is often little or no plaque leaving only the pellicle as the first barrier to
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3 h pellicle, acid

Fig. 3. a Optical section perpendicular to the surface of sound enamel made with the
confocal laser scanning microscope. Light-yellowish area represent interprismatic enamel,
red areas represent prismatic area. From Duschner et al. [15], with permission. b After
15 min immersion in a Cola-like beverage the enamel was removed and dissolved underneath
the surface (in the subsurface region). Further, hardness measurement showed distinct soft-
ening of the surface. ¢ Image of enamel after a pellicle was formed for 3 h and 15 min immer-
sion in a Cola-like beverage. The band-like structure of enamel can be identified indicating
partial protection against subsurface dissolution. Hardness measurement showed still soften-
ing of the surface. d Image of enamel after a pellicle was formed for 3 days. The band-like
structure of enamel can be clearly identified with only small differences to the control.
Hardness measurement showed no significant softening of the surface.

acid erosion. At the gingival margin there is almost always plaque and crevicular
fluid access thereby protecting a narrow band from erosion.

To investigate these aspects experiments were done with and without pelli-
cle present [15]. Figure 3 illustrates, using confocal microscopy, the partial pro-
tective effect of pellicle against erosion. In these experiments enamel samples,
with or without pellicle, were immersed for 15 min in a Cola type beverage, pH
2.6, which included phosphoric acid. The control panel shows no erosion.
Without pellicle, removal and surface softening of enamel was observed together
with dissolution underneath the surface (in the subsurface region) (fig. 3b).
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When pellicle was formed over 3 h, the surface was still softened, but there was
partial protection against subsurface dissolution (fig. 3c¢). The samples with
3-day pellicle markedly reduced surface softening and essentially eliminated
subsurface attack. These observations can be interpreted using the information
set out above for phosphoric acid. At pH 2.6 the hydrogen ion concentration is
such that direct etching occurs by the hydrogen ion in the absence of pellicle
since there is nothing to protect the surface. In the case of the 3-h pellicle it is
not sufficient to protect the outer surface but it does form a partial diffusion
barrier to the subsurface. In this case, the phosphoric acid molecule is able to
diffuse in its undissociated state into the subsurface region [8, 16], dissociating
as it goes providing hydrogen ions and phosphate ions to attack the mineral. In
the case of the 3-day mature pellicle there was considerable surface protection
as expected form earlier studies that showed protection increased after 18 h and
took 7 days to be essentially complete [17]. Importantly, the 3-day pellicle
markedly reduced the ability of even the phosphoric acid molecule to diffuse
into the subsurface regions.

The conclusions from the pellicle experiments described above are clini-
cally significant because they illustrate how important the type of acid is and
whether there is a pellicle present from the saliva. Further, if the dental erosion
lesion has a subsurface softening component rather than direct etching alone
there is a chance for repair and reversal, since the saliva can provide calcium and
phosphate to remineralize these regions, aided by fluoride. Salivary pellicle can
partially protect against erosion challenges providing they are not too severe
and/or frequent. Saliva also clears the erosion-inducing acids from the surface,
but again the eventual outcome depends on the balance between the frequency
and severity of the erosion challenge versus the protective effects of saliva.
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Abstract

pH value, calcium, and phosphate and to a lesser extent fluoride content of a drink or
foodstuff are important factors explaining erosive attack. They determine the degree of satu-
ration with respect to tooth minerals, which is the driving force for dissolution. Solutions
oversaturated with respect to dental hard tissue will not dissolve it. Addition of calcium (and
phosphate) salts to erosive drinks showed protection of surface softening. Today, several Ca-
enriched soft drinks are on the market or products with naturally high content in Ca and P are
available (such as yoghurt), which do not soften the dental hard tissue. The greater the buffer-
ing capacity of the drink or food, the longer it will take for the saliva to neutralize the acid.
The buffer capacity of a solution has a distinct effect on the erosive attack when the solution
remains adjacent to the tooth surface and is not replaced by saliva. A higher buffer capacity
of a drink or foodstuff will enhance the processes of dissolution because more ions from the
tooth mineral are needed to render the acid inactive for further demineralization. Further, the
amount of drink in the mouth in relation to the amount of saliva present will modify the
process of dissolution. There is no clear-cut critical pH for erosion as there is for caries. Even
at a low pH, it is possible that other factors are strong enough to prevent erosion.

Copyright © 2006 S. Karger AG, Basel

Chemical Factors

This chapter is aimed at revealing the interplay between the erosive potential
of food and beverages and their chemical properties. The term ‘chemical factors’
is used to describe parameters inherent to erosive beverages, food or other prod-
ucts (table 1). Several in vitro and in situ studies on humans as well as on animals
have evaluated the erosive potential of different food and beverages [1-14]. They
all show that the erosive potential of an acidic drink is not exclusively dependent
on its pH value, but is also strongly influenced by its mineral content, its titratable
acidity (‘the buffering capacity’) and by the calcium-chelation properties of the



Table 1. Chemical factors influencing the erosive
potential with respect to food and beverages

pH and buffering capacity of the product
Type of acid (pK, values)

Adhesion of the product to the dental surface
Chelating properties of the product

Calcium concentration

Phosphate concentration

Fluoride concentration

food and beverages (see chapter 6 by Featherstone et al., this vol, pp 66—76). The
pH value, calcium, phosphate and fluoride content of a drink or foodstuff deter-
mine the degree of saturation with respect to the tooth mineral, which is the dri-
ving force for dissolution. Solutions oversaturated with respect to dental hard
tissue will not dissolve it. A low degree of undersaturation with respect to enamel
or dentine leads to a very initial surface demineralization which is followed by a
local rise in pH and increased mineral content in the liquid surface layer adjacent
to the tooth surface. This layer will then become saturated with respect to enamel
(or dentine) and will not demineralize further. Consequently, no softening can be
measured with most of the methods used nowadays. An increase in agitation (e.g.
when a patient is swishing his/her drink in the mouth) will enhance the dissolu-
tion process because the solution on the surface layer adjacent to tooth mineral
will be readily renewed. When an excess of an erosive agent is present the pH is
probably the most decisive factor whereas the buffering capacity is more impor-
tant at the liquid surface layer adjacent to the tooth surface and/or when there is
only a small amount of acid present around the tooth surface. Further, the amount
of drink in the mouth in relation to the amount of saliva present will modify the
dissolution process.

The chelating properties of citric acid (for example) can enhance the erosive
process in vivo by interacting with saliva as well as directly soften and dissolving
tooth mineral. Up to 32% of the calcium in saliva can be complexed by citrate at
concentrations common in fruit juices, thus reducing the super saturation of saliva
and increasing the driving force for dissolution with respect to tooth minerals
[15]. In addition, calcium-chelating agents may directly dissolve tooth mineral.
The greater the buffering capacity of the drink, the longer it will take for saliva to
neutralize the acid. Some beverages appear to be less erosive than others within
the same pH class. It may also be possible to reduce the erosive potential of bev-
erages by modifying the amount and type of acid used in formulations, e.g., using
maleic acid instead of citric acid [16]. In experiments conducted in vitro, citric
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acid caused more erosion than phosphoric acid at comparable acidity [17]. The
erosive character of different pure acids at pH 2, 2.3 and 3 during incubation of
bovine enamel between 1 and 5 min was high for lactic acid and lower for maleic
and hydrochloric acid compared to other tested acids (acetic, citric, oxalic, phos-
phoric and tartaric acid) [18]. Diluting drinks containing organic acids with high
buffering capacity with water will hardly reduce the pH but will reduce the rela-
tive titratable acidity. But dilution will also reduce the concentrations of Ca and P
(if present), which have a protective effect [9, 19, 20].

The calcium and phosphate contents of a foodstuff or beverage are important
factors for the erosive potential as they influence the concentration gradient
within the local environment of the tooth surface. Indeed, addition of calcium
(and phosphate) salts to erosive drinks showed promising results. Larsen [21]
suggested that erosion potential could be calculated based on the degree of satu-
ration with respect to both hydroxyapatite and fluorapatite by determining the pH,
calcium, phosphate and fluoride content of a beverage. Orange juice (pH 4) sup-
plemented with calcium (42.9 mmol/l) and phosphate (31.2 mmol/l) did not erode
enamel after immersion for 7 days [22]. Only a small change in the degree of sat-
uration by adding Ca (and a small amount of phosphate), without changing the
pH may reduce the erosive potential in vitro [23]. One percent citric acid solution
(pH 2.2) supplemented with different concentrations of calcium, phosphate
and/or fluoride reduced the erosive potential of the solution [24]. The same was
true when soft drinks were modified with calcium, phosphate and/or fluoride. The
most effective reduction of enamel dissolution was achieved by adding either
1.0 mmol/I calcium or a combination of 0.5 mmol/l calcium plus 0.5 mmol/l phos-
phate plus 0.031 mmol/I fluoride to the citric acid [25].

It has to be kept in mind that with the added mineral enamel dissolution
could not always be completely prevented. But the progression can be retarded
which has some implications for the patient and the clinician.

Today, several Ca-enriched orange juices are on the market which hardly
soften the enamel surface (fig. 1). Addition of calcium to a low pH blackcurrant
juice drink has been shown to reduce the erosive effect of the drink [26]. In a
follow-up study, a blackcurrant drink with added calcium was compared to a con-
ventional orange drink in situ. Servings of 250 ml of each drink were consumed
four times per day during 20 working days. Measurements of enamel loss were
made by profilometry on enamel samples for up to 20 days. The experimental
carbonated blackcurrant drink supplemented with calcium caused significantly
less enamel loss than the conventional carbonated orange drink at all time points
measured [27].

Sports drinks are often erosive [13, 28-30] and when consumed during
strenuous activity when the person is in a state of some dehydration, the possible
destructive effects may be enhanced further. A calcium-enriched experimental
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Fig. 1. Impact of a conventional and a Ca-enriched orange juice on softening of enamel.

Table 2. Content of some minimally erosive beverages (ready to drink) [in part from
30, 46]

Available beverage pH Added level of calcium (mg/1)
Ribena really light blackcurrant® 3.7-4.0 630
Ribena really light apple? 3.74.0 440
Ribena really light berry burst® 3.7-4.0 400
Ribena really light strawberry® 3.7-4.0 400
Ribena really light orange tropical® 3.74.0 200
Lucozade sport hydroactive citrus 3.7-4.0 370
fruits (and summer) flavor*
Orange-flavored sports drinks® 3.8 320
Orange juice Michel® 3.8 160

3GlaxoSmithKline, Coleford, GB.
"Novartis Consumer Health, Basel, Switzerland.
‘Rivella, Rothrist, Switzerland.

sports drink consumed during controlled sporting activities showed only mini-
mal erosion compared with a commercially available sports drink [29]. A
recently published study [31] showed a significant reduction of the erosive
potential of a sports drink when phosphopeptide-stabilized amorphous calcium
phosphate was added. As mentioned above, the pH increased and the titratable
acid decreased with increasing phosphopeptide stabilized amorphous calcium
phosphate concentrations. The same was true when Ca was added to another
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brand of sports drink (table 2) [30]. Yoghurt is another example of a food with a
low pH (~4.0), yet it has hardly any erosive effect due to its high calcium and
phosphate content, which makes it supersaturated with respect to apatite. A
yoghurt or another milk-based food may have an erosive potential, when it has
a low content of Ca and/or P and a low pH. It seems that the reduction in enamel
dissolution caused by a minor increase in pH is likely to be small [32].

Larsen and Nyvad [22] and Larsen and Richards [33] reported that fluoride
is unable to reduce dental erosion. Theoretically, fluoride has some protective
effect in a drink with a pH higher than that indicated by the saturation curve of
fluorapatite at given Ca and PO, concentrations. Lussi et al. [9, 20] and
Mahoney et al. [34] found an inverse correlation of the erosive potential with
fluoride content of different beverages. It is unlikely that fluoride at the concen-
tration present in beverages alone has any great beneficial effect on erosion,
because the challenge is high. However, it is possible that under conditions in
which the other erosive factors are not excessive, fluoride in solution may exert
some protective effect [34]. Due to health concerns, adding fluoride to drinks is
not practical. After an initial demineralization, an intensive fluoridation is capa-
ble of inhibiting the erosive mineral loss in dentine completely. This is probably
due to the buffering capacity of the proteins in the dentine matrix [35].

Table 3 gives an overview of the chemical properties of different beverages
and foodstuffs. The pH, the titratable acid to pH 7.0, phosphorus and calcium
concentration, fluoride content, and the degree of saturation with respect to
hydroxyapatite as well as to fluorapatite are given. The methods used were as
follows [9]: Caries-free human premolars with no cracks on the buccal sites
were ground flat under water-cooling on a rotating polishing machine (Knuth-
Rotor, Struers, Copenhagen, Denmark). The procedure was such that 200 pm
of tooth substance in the center of the window was polished away. To quantify
the softening of the enamel, measurement of surface microhardness (SMH),
using a Knoop diamond under a load of 50 g, was performed before and after
immersion for 3 or 20 min in the foodstuffs and beverages [9, 20]. A positive
value denotes a hardening of the surface while a negative value represents soft-
ening. All substances were analyzed for phosphorus, calcium and fluoride using
standard procedures. The pH and the amount of base added to raise the pH to
7.0 were measured using a pH electrode. To do so, 50 ml of each substance was
titrated with NaOH and the amount of base added (mmol/l) was calculated.

The degrees of saturation (pK—pl) with respect to hydroxyapatite and fluo-
rapatite were calculated using a computer program developed and later modified
by Larsen [36]. This program assumes a solubility product for hydroxyapatite
of 107383 [37], for fluorapatite of 10-%°, for calcium fluoride of 107103 [38].
Orange juice, for example is undersaturated with respect to both hydroxyapatite
and fluorapatite as expressed by pK—pl, and caused surface softening in the

Chemical Factors 81



133oe(/15Sn]

78

Table 3. pH, titratable acid, inorganic phosphorus, calcium and fluoride content, degree of saturation with respect to hydroxy- and fluorapatite
as well as change of surface microhardness (Knoop SMH) after 3 and 20 min incubation in different beverages and foodstuffs [in part from 47]

pH mmol OH™/l P, Ca Fluoride pK—pl pK—pl Change Change
topH 7.0 (mmol/l)  (mmol/l) (ppm) HAP FAP in SMH in SMH
after 3min  after 20 min
Beverages (nonalcoholic)
Citro light 3.0 75.0 <0.01 32 0.08 =257 —194 —103
Coca Cola 2.6 34.0 54 0.8 0.13 —192 —126 —136 =77
Fanta orange 2.9 83.6 0.1 0.8 0.05 —222 -—16.1 —78
Ice tea 3.0 26.4 0.1 0.6 0.83 —-223 —150 —107 —224
Isostar 3.8 34.0 1.6 1.8 0.14 —10.2 —4.2 —86
Isostar orange 3.6 314 34 5.8 0.18 —8.9 —-2.6 -29
Aproz mineral water (sparklet) 5.3 24.0 <0.01 10.8 0.11 —5.8 —1.3 +6
Valser mineral water (sparklet) 5.4 34.6 0.01 10 0.58 -3.0 2.1 +8 +5
Valser lemon mineral 33 68.0 <0.01 10.9 0.63 —-172 -102 —54 —201
water (sparklet)
Orangina 32 70.0 0.4 0.4 0.07 -19.7 -—13.6 —134
Pepsi light 3.1 34.6 39 0.9 0.04 -159 -9.8 —65
Perform 3.9 34.0 5.9 1.1 0.16 —9.2 —-32 -6
Red Bull 3.4 91.6 <0.01 1.7 0.36 -19.8 —13.1 —123 —232
Sinalco 2.9 56.6 0.1 0.3 0.03 —=237 -—178 —110
Schweppes 2.5 88.6 <0.01 0.2 0.03 —32.8 —26.8 —136
Sprite 264 362 <0.01 0.2 0.04 —334 273 —140
Sprite light 29 62.0 <0.01 0.3 0.06 —-30.5 —243 —162
Vitamin C effervescent tablet 398 1054 <0.1 <0.1 0.03 —-16.5 —113 —106
Beverages (alcoholic)
Carlsberg beer 44 40.0 73 2.2 0.28 —3.8 2.0 +8
Corona beer 4.2 8.2 33 2.1 0.11 —6.4 —0.8 +2
Hooch lemon 2.8 67.2 0.4 1.2 0.18 -19.8 —13.1 —257
Red wine 34 76.6 32 1.9 0.16 —123 =59 =71
White wine 3.7 70.0 32 0.9 0.35 —11.5 =5.0 —30
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pH mmol OH7/1 Ca Fluoride pK—pl pK—pl Change Change
topH 7.0 (mmol/l)  (mmol/l) (ppm) HAP FAP in SMH in SMH
after 3min  after 20 min
Fruit juices
Apple juice 3.4 82.0 1.7 4.0 0.11 —-11.4 —-52 —134 —154
Pineapple juice 343 60 1.9 1.7 0.04 —-12.9 —-7.2 -71
Apple sauce 3.4 88.8 3.1 1.5 0.03 —13.2 =175 —186
Beetroot juice 4.2 49.2 10.0 2.1 0.08 —5.4 0.1 —40 —81
Carrot juice 4.2 42.0 8.4 5.0 0.09 =35 1.9 =5 —58
Grapefruit juice 32 218.0 2.6 3.1 0.16 —133 —6.8 —120
Grapefruit juice fresh squeezed 3.1 70.6 0.2 3.5 0.08 —-164 —10.1 —109
Kiwi juice fresh squeezed 3.6 147.2 53 42 0.06 -9.2 -33 —102 —164
Multivitamin juice 3.6 131.4 6.5 4.8 0.12 —8.7 —25 -84 —137
Orange juice fresh 3.64 135.6 5.7 2.1 0.03 -9.7 —42 —115
Orange juice 3.7 109.4 5.5 2.2 0.03 —94 -39 —26 —81
Milk products
Milk 7.0 4.0 18.9 29.5 0.01 16.3 18.1 +11
Drinking whey 4.7 32.0 9.7 6.0 0.05 0.1 49 +1
Sour milk 4.2 56.0 39.2 69.0 0.03 2.4 7.4 +9
Yoghurt, natural 42 105.6 49.8 32.8 0.03 1.4 6.3 +1
Yoghurt, kiwi 4.1 99.6 34.0 425 0.06 0.7 6.0 +4 +15
Yoghurt, lemon 4.1 110.4 39.9 32.0 0.04 0.4 5.6 +18
Yoghurt, orange 4.2 91.0 43.0 31.6 0.05 0.3 5.6 +1 +8
Yoghurt drink, orange 4.25 68.6 43.0 212 0.05 0.8 6.0 -1
Probioplus yoghurt 4.26 81.6 47.2 27.6 0.03 1.4 6.4 +5
Miscellaneous
Rhubarb puree 2.77 3448 7.75 12.974 0.4 —124 =53 —47 —62
Salad dressing 3.6  210.0 1.6 0.3 0.14 —15.6 -93 —109
Vinegar 32 7408 2.2 34 1.20 —13.4 —6.0 —303




experiment (table 3). Many of the herbal teas were found to be even more
erosive than orange juice [39]. In contrast to that, the milk products were all
supersaturated with respect to both minerals and did not cause any softening of
the surface after immersion of enamel in the respective products. Some flavored
mineral water has in contrast to plain mineral water an erosive potential (table
3). This has some implication concerning the tooth health because the public is
not aware of the erosive potential of these acidic drinks labeled as mineral
water.

Fluoride present in the mouth during the daily de- and remineralization
cycles gives rise to the formation of fluorapatite or fluorhydroxyapatite, which
have a lower solubility than hydroxyapatite. Many of the acidic beverages or
foodstuffs have a composition and a pH such that they are undersaturated with
respect to these minerals and consequently even the outermost layer consisting
of fluor(hydroxy)apatite will dissolve. Therefore, the protective effect of this
outermost fluoride-rich mineral in preventing erosion is less important than it
is in preventing caries. However, treatment with fluoride varnish (2.26%) for
24h and high concentration F rinses (1.2%) for 48 h applied prior to acidic
challenge have been shown to offer in vitro protection against erosion [11]. It
is assumed that this protection is due to precipitation of calcium fluoride-like
particles adhering to tooth surfaces which subsequently released fluoride over
time. Hence, gentle fluoride application (without destruction of the protective
acquired pellicle) before the erosive challenge would be most beneficial. The
formation of the CaF,-like layer on the tooth surface would act as a ‘barrier’
against acid attacks. This layer provides some additional mineral to be
dissolved during an acid attack before the underlying enamel is attacked [40].
It is still controversial if these particles can be formed on sound tooth surface in
vivo and in reasonable time. It has, however, been shown in vitro that KOH-
soluble fluoride globules precipitate within a short time and in a higher amount
when a low pH fluoride solution is used [41, 42]. The study by Larsen and
Richards [41] further showed a beneficial effect of saliva on the formation of
calcium fluoride-like material. Both a low pH of a fluoride solution with some
subsequent loss of mineral and the calcium-rich saliva seem to be important
factors in providing the system with calcium. It follows that deduction of a
ranking for the in vivo erosivity of different acidic food and drinks based on
pH, titratable acidity, Ca, P and F is rather complicated if not impossible.
Besides these chemical factors, behavioral factors (such as eating and drinking
habits, diets high in acidic fruits and vegetables, excessive consumption of
acidic foods and drinks, oral hygiene practices) and biological factors (such as
saliva flow rate, buffering capacity, acquired pellicle, dental anatomy and
anatomy of oral soft tissues, physiological soft tissue movements) also have to
be taken into account.
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The adhesiveness and displacement of the liquid are other factors to be
considered in the erosive process. There appear to be differences in the ability
of beverages to adhere to enamel based on their thermodynamic properties, e.g.
the thermodynamic work of adhesion [43]. The greater the adherence of an
acidic substance is, the longer the contact time with the tooth surface and the
higher the likelihood of erosion will be. It has been shown that displacement of
saliva by Cola required 14 mJ/m?, by Diet Cola 5mJ/m?. However, displace-
ment of Cola film by saliva required 45 mJ/m?, of Diet Cola by saliva 52 mJ/m?.
It seems to be more difficult to displace a soft drink film by saliva than it is to
displace a salivary film by a soft drink [44]. Further research is needed to quan-
tify the impact of all these factors in more detail. This has to be done by using
reproducible and standardized methods. Guidelines on the testing of the erosive
potential of foods derived from an international workshop were edited by
Curzon and Hefferren [45].

In summary, it has been shown that the two very-often-cited parameters,
pH and the titratable acidity, do not readily explain the erosive potential of food
and drink. The mineral content is also an important parameter, as is the ability
of any of the components to complex or chelate calcium and remove it from the
mineral surface. Besides, these chemical factors several others such as the com-
ponents of saliva and the flow rate of saliva have an impact on dental erosion in
vivo. The degree of saturation with respect to the tooth mineral, hydroxyapatite
and fluorapatite also strongly influence the erosion outcome. All of the above
have to be taken into account to explain or even predict to some extent the influ-
ence of foods and beverages on dental hard tissue. Further, there is no clear-cut
critical pH for erosion below which erosion will occur. Even at a low pH it is
possible that other factors are strong enough to prevent erosion. At higher pH, it
is possible that chemicals that complex calcium can cause erosion. The influ-
ence of all the factors described above in the fluid layer immediately in contact
with the tooth surface determines whether erosion can proceed or not.
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Abstract

Biological factors such as saliva, acquired dental pellicle, tooth structure and position-
ing in relation to soft tissues and tongue are related to dental erosion development. Saliva has
been shown to be the most important biological factor in the prevention of dental erosion. It
starts acting even before the acid attack, with the increase of the salivary flow rate as a
response to the acidic stimuli. This creates a favorable scenario, increasing the buffering sys-
tem of saliva and effectively diluting and clearing acids on dental surfaces during the erosive
challenge. Saliva plays a role in the formation of the acquired dental pellicle, which acts as a
perm-selective membrane preventing contact of the acid with the tooth surfaces. The protec-
tive level of the pellicle seems to be regulated by its composition, thickness and maturation
time. Due to its mineral content, saliva can also prevent demineralization as well as enhance
remineralization. However, these preventive and reparative factors of saliva may not be
enough against highly erosive challenges, leading to erosion development. The progress rate
of erosion can be significantly influenced by the type of dental substrate, occurrence of
mechanical and chemical attacks, fluoride exposure, and also by contact with the oral soft
tissues and tongue.

Copyright © 2006 S. Karger AG, Basel

The biological factors related to dental erosion may involve properties
and characteristics of saliva, acquired dental pellicle, tooth structure and sur-
rounding soft tissues [1, 2]. The interaction of these factors with both erosive
agent and behavioral aspects, over time, may influence the development as
well as the prevention, arrest and possibly recovery of erosive lesions [3]. A
critical review based on clinical and laboratorial findings will follow in an
attempt to clarify the impact of the biological factors on the dental erosion
process.



Saliva

Saliva has been considered the most important biological factor influencing
dental erosion prevention due to its ability to act, directly on the erosive agent
itself by diluting, clearing, neutralizing and buffering acids, play a role in form-
ing a protective membrane, and to reduce the demineralization rate and enhance
remineralization by providing calcium, phosphate and fluoride to eroded
enamel and dentin. The relevance of saliva on the erosion process could be bet-
ter illustrated by a comparison between in vitro — with no salivary protection —
and in situ erosion models, where it was shown that enamel erosion was dra-
matically reduced by the order of 10 times in the in situ model [4].

Saliva starts its protective effect against erosion even before the acid chal-
lenge, by the increase of the flow rate as a response to the extra-oral stimuli such as
odor [5, 6] or sight [7]. Studies have shown that sour foodstuff has a strong influ-
ence on the anticipatory salivary flow [5, 7], which can be significantly increased
when compared to the normal unstimulated flow rate [6]. Hypersalivation also
occurs in advance of vomiting as a response from the ‘vomiting center’ of the brain
[8], as frequently seen in individuals suffering from anorexia and bulimia nervosa,
rumination or chronic alcoholism. It is suggested that this could minimize the ero-
sion caused by acids of gastric origin. On the other hand, patients with symptoms
of gastro-esophageal reflux disease should not expect the salivary output to
increase before the gastric juice regurgitation, because this is an involuntary
response not co-coordinated by the autonomic nervous system [9]. Therefore,
there may be insufficient time for saliva to act before erosion occurs.

Higher salivary flow rate creates a favorably scenario for the prevention or
minimization of initial erosive attack due to the increase of the organic and inor-
ganic constituents of saliva. The inorganic constituents of primary interest in the
erosion process are carbonic acid (H,CO;)/hydrogen carbonate (HCO;7),
di-hydrogenphosphate (H,PO,~)/hydrogen phosphate (HPO,>™), calcium (Ca2™")
and fluoride (F~) [10, 11]. These ions are associated with enhancing the buffer
capacity of saliva and maintenance of the integrity of teeth [12]. Hydrogen
carbonate is the principal buffer of saliva and its concentration increases from
about 5 mmol/l in unstimulated up to 60 mmol/l in stimulated whole saliva. The
concentration of di-hydrogenphosphate is regulated in the opposite direction
from 5 mmol/l unstimulated saliva down to 3 mmol/l in stimulated saliva [13].
The protein buffer system may also be of some importance in lower pH levels
(below 4.5). Acidic proline-rich proteins, found in parotid saliva, as well as
mucins, the major organic component of submandibular/sublingual saliva, are
important constituents of the acquired pellicle and plaque matrix [14, 15].
Mucins can also reduce the abrasive wear of eroded areas since they present
lubrication properties [14].
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Once the acid reaches the mouth several mechanisms of saliva come into
play to protect the teeth. Intra-oral stimuli of the salivary flow are mainly due
to chemical and mechanical stimulation. Potentially erosive foodstuff and bev-
erages, such those with citric or malic acid content [16], elicit a strong
response. Three droplets of 4% citric acid applied to the tongue every 30s for
Smin caused the mean flow rate to rise up to about 1.87 ml/min, which was
significantly higher when compared to the unstimulated flow of about
0.38 ml/min [6]. Mastication can also stimulate the saliva output [17]. It has
been suggested that the stimulation of the mechanoreceptive neurons in the
gingival tissues may result in a reflex secretion of saliva [18]. Depending on
the oral stimuli, different salivary glands may be affected leading to the varia-
tion in salivary flow and composition [6], thus influencing the level of salivary
protection.

A higher flow rate with higher hydrogen bicarbonate content increases the
capacity of saliva in neutralizing and buffering acids as well as the ability to
clear acids on teeth surfaces, as shown in previous studies [19-22]. Even
though acid clearance has been reported as an individual property [23], it can
be suggested that factors such as food consistency and sites of the mouth affect
the acid clearance pattern. Sites poorly bathed by saliva or mainly bathed with
mucous saliva are more likely to show erosion when compared to sites pro-
tected by serous saliva [24, 25]. Thus, the facial surfaces of upper incisors
would be more prone to erosion and the opposite is true for the lingual surfaces
of lower teeth [25]. The time required for saliva to neutralize and/or clear the
acid from the tooth surface has been measured in vivo with pH electrodes, and
it has shown to range between 2 and 5min [26]. Bartlett et al. [27] reported
similar ranges of 3 and 7 min, but also reported a wide variance, suggesting
that the buffering and clearance capacities are strongly related to individual
variations.

The impact of erosion in patients suffering from salivary flow impairment
can clearly demonstrate the importance of saliva. Studies have shown that
erosion is strongly associated with low salivary flow and low buffering cap-
acity [19, 20, 28, 29]. The dry mouth condition is usually related to aging
[11, 30, 31], even though some other studies have not found this correlation
[32, 33]. It is well-established that patients taking medication can also present
decreased saliva output [34], as well as those who have received radiation ther-
apy for neck and head cancer [35]. Tests of the stimulated and unstimulated
flow rate as well as of the buffer capacity of saliva may provide useful informa-
tion about the susceptibility of an individual to dental erosion. Sialometric
evaluations should be carried at a fixed time-point or in a limited time interval
in the morning, avoiding intra-individual variations due to the circadian
cycle [36].
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Acquired Dental Salivary Pellicle

The salivary acquired pellicle is a protein-based layer which is rapidly
formed on dental surfaces after its removal by tooth brushing with dentifrice,
chemical dissolution or prophylaxis. This organic layer becomes detectable on
dental surfaces after few minutes of exposure to the oral environment, as previ-
ously shown by electron microscopy analyses [37, 38]. Biological, i.e. enzy-
matic, activity is also detectable on early stages of pellicle formation [39, 40]. It
is suggested that it grows until reaching an equilibrium between protein adsorp-
tion and de-sorption within 2 h [41]. As described by Skjorland et al. [37], pel-
licle formation appears to involve a two-step process. In the first step, initial
adsorption of discrete proteins is thought to occur by electrostatic interactions
with the hydrophobic regions of the tooth, leaving hydrophobic parts of the pro-
tein molecules exposed at the surface. Either as a second step or as an indepen-
dent process, protein aggregates or micelle-like structures may adsorb to
uncovered sites on the tooth surface and also interact with the initially formed
hydrophobic protein layer [37, 42]. This specific adsorption pattern may be
responsible for the globular morphology of the acquired pellicle, as previously
described [43, 44].

The acquired pellicle may protect against erosion by acting as a diffusion
barrier or a perm-selective membrane preventing the direct contact between the
acids and the tooth surface [38, 45, 46], reducing the dissolution rate of hydrox-
yapatite [41]. This protective effect could be clearly visualized by a scanning
electron microscopy study, where the 2-h formed pellicle was able to reduce
erosion by an acidic beverage [47]. This protection on enamel surfaces has also
been quantified by in vitro and in situ studies. Nekrashevych and Stosser [48]
showed that 24-h pellicles formed in vitro were able to totally or partially pre-
vent enamel surface microhardness change resulting from a 1-min exposure to
0.1% citric acid or 5 min exposure to 1% citric acid, respectively. Hannig and
Balz [49], in an in situ investigation, found that a 24-h formed pellicle can show
some protection against acid challenge performed by 0.1-1% citric acid for up
to Smin. Amaechi et al. [50] showed that 1-h acquired pellicle formed in situ
could protect enamel against demineralization from 2 h of in vitro orange juice
exposure.

Although it seems to be clear that pellicle can interfere in the demineraliza-
tion of the dental surfaces by erosive acids, the composition, thickness and mat-
uration time of the pellicle may significantly define the protection level against
dental erosion. The dental pellicle can serve as a reservoir of remineralizing
electrolytes [40], which might influence erosion development. In vitro studies
have shown that salivary mucins of the pellicle have the capacity to increase
enamel surface protection against demineralization [14]. However, Hannig and
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Balz [43] could not find differences in the protective level of an in situ-formed
pellicle with different mucin concentrations. The presence of the salivary
enzyme carbonic anhydrase VI in pellicle may protect against dental erosion, by
accelerating the neutralization of hydrogen ions on the tooth surface [40].

Differences in the site of pellicle formation in the mouth contribute to the
thickness of the pellicle, which in turn influence the level of protection against
enamel demineralization. An in situ study showed that the thinnest pellicles
(about 0.3-0.38 um) were formed on the palatal surface of upper teeth, while the
thickest pellicles (about 0.96—1.06 pum) were formed on lingual surfaces after 1 h
of intra-oral exposure [50]. In agreement with these findings, Hannig and Balz
[43] reported that 24-h pellicle formed in situ on specimens positioned at the
palate [49] tended to be thinner and less resistant to the citric acid treatment than
the lingually and buccally formed pellicles. These data may partially support the
results of a clinical study of the prevalence of erosive lesions [25]. This study
reported that the sites of greater pellicle thickness (lingual surfaces) showed
lower percentage of erosion (about 1.7-2%). However, they also found that sites
thought to be covered by a thinner pellicle (palatal surfaces) also showed lower
percentages (2.7-6.1%) of erosion. This can be explained by the higher salivary
clearance expected for the palatal surfaces [25], as discussed before.

Although the pellicle may reach its full thickness within 2 h, some struc-
tural modification may happen after this period as part of the maturation
process of the freshly formed pellicle causing it to become more acid-resistant.
It has been suggested by in vitro studies that this process of the pellicle may
increase the protection of the pellicle as a diffusion barrier to ionic conductivity
on enamel surface [14, 51-53]. This was suggested to take 18 h in vivo and at
least 4 days in vitro. According to Lendenmann et al. [41], this difference is due
to enzymes, possibly transglutaminase [54, 55] that is continuously re-supplied
in the mouth but rapidly loses its activity in vitro due to a short half-life.
Enzymes are assumed to have influence on the structural remodeling of the
acquired pellicle during the maturation process in vivo [40, 56] and could be
necessary for stabilizing and creating a more acid-resistant pellicle [41].

Much has been discussed and is expected to be discovered about the com-
position and maturation process of the pellicle on its ability to prevent erosion.
This information is essential not only to understand the protective mechanism
of the pellicle but also to estimate how protective the pellicle can be against ero-
sive challenges of different aggressiveness. As stated above, it has been proved
that pellicles of different compositions and maturation levels protect against
erosion but some studies have highlighted that it is not a complete inhibition
[39]. Hara et al. [57] showed that a 2-h acquired pellicle formed on enamel
surfaces in situ was able to reduce the demineralization provided by orange
juice up to 10 min of acid exposure (fig. 1a, b), using the in situ erosion model
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Fig. 1. aTransmission electron microscopy image of the 2-h in situ formed pellicle on
enamel surface. b The 2-h pellicle after 10 min of erosive challenge in situ by orange juice.
Even after partial dissolution, the pellicle was still able to provide some protection to enamel.

previously reported by Zero et al. [58]. However, no measurable protection was
detected after 20 and 30 min of acid exposure. It was speculated that the 10-min
acid exposure, which consisted of sipping 10 ml of the juice, holding it for 15s
in the mouth, spiting and resting for 15s to repeat the procedure for 39 more
times, could simulate the ingestion of a regular cup of beverage (400 ml) over a
20-min period. This level of acid exposure is considered a high risk of erosion
behavior. Interestingly, no protection could be found in this study for the dentin
substrate covered by the 2-h pellicle. At this point there is no adequate informa-
tion to support that it was due to differences in the pellicles composition, but it
has been suggested that differences in the substrates’ nature and composition
may affect the pellicle composition and properties [59]. It could also be sug-
gested that no protection was found for dentin because of the higher suscepti-
bility of dentin to demineralization, which could have resulted in the pellicle
being lost together with the etched dentin [57].

As it has been shown, the salivary protection against erosion may not be
enough to prevent erosion. These above-mentioned biological factors are best
understood if considered as a physiologic host response to occasional or mild
episodes of acid challenge in the mouth. No pathological consequences occur
unless the acid challenge (strength and/or frequency) exceeds a certain thresh-
old or the host response is not adequate to counteract the erosive challenge. As
emphasized by Meurman et al. [20], if the erosive challenge is strong enough
even normal salivary flow and function cannot protect the teeth. As a conse-
quence, dental erosion could be dramatically enhanced by highly erosive chal-
lenges and/or by salivary diseases. The response of the tooth structure to these
attacks should also be taken into consideration.
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Tooth Structure

Enamel is the most at risk surface for erosion and thus has received the
most attention. More recently, dentin has also been considered. Since teeth are
being kept in the mouth for longer, exposure of coronal dentin as well as of root
dentin is becoming clinically common as a result of tooth wear and gingival
recession, respectively.

The process of enamel erosion involves an initial softening of the surface
followed by permanent loss of the demineralized tooth structure due to the ero-
sive attack by acids [60]. In dentin, the inorganic content can be etched away
with the erosive attack; however, the organic content is thought to remain. The
exposed organic content of dentin may act as a barrier either to the acid diffu-
sion or to the mineral release, thus reducing the lesion progression [61, 62]. For
this reason, the chemical or mechanical removal of the organic material may
significantly accelerate the rate of lesion progression [62] and prevent a possi-
ble mineral deposition on the eroded area to occur [63].

The above-mentioned processes have been described for sound enamel and
dentin. Although, they are valuable and essential to the understanding of the ero-
sion progress, it should be considered that in clinical situations different lesion
progress patterns may occur since the tooth substrate can be previously affected
by chemical and mechanical factors (e.g. caries, erosion, abrasion, fluorosis). The
susceptibility to erosion in such conditions is not well known and deserves further
research. The influence of fluoride as fluoridated apatite or CaF,-like particles in
the erosion progress is discussed in details in a specific chapter of this book.

Exposure to saliva, dietary products and fluoride has been shown to be
effective in the remineralization of eroded enamel. Once the erosive agent is
neutralized or cleared from the tooth surface, the deposition of salivary calcium
and phosphate can lead to remineralization of softened enamel [64—66]. The
effect of the remineralization time has also been investigated [22]. Enamel
specimens eroded by citric acid for 2 h and immersed in artificial saliva showed
partial rehardening after 1-4h, while specimens remineralized for 6-24h
showed a complete rehardening. An in situ study, analyzing the surface micro-
hardness recovery of enamel and dentin eroded by acidic beverage, showed up
to 37.8% of remineralization of enamel specimens, after 24 h of exposure to the
oral environment [67]. When treated with fluoride gel after the erosive attack,
the remineralization rate of enamel specimens significantly increased to 57.2%.
Similarly, it was shown that eroded dentin had a surface microhardness recov-
ery of about 55.4%; however, there was no significant increase related to treat-
ment with fluoride gel [67].

Recently, given the increasing attention to esthetic dental procedures, den-
tal bleaching has been investigated for possible detrimental side effects on
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Table 1. Biological factors influencing the erosive tooth wear

. Saliva: flow rate, composition, buffering capacity and stimulation capacity

. Acquired pellicle: diffusion-limiting properties, composition, maturation and thickness

. Type of dental substrate (permanent and primary enamel, dentin) and composition
(e.g. fluoride content as FHAP or CaF,-like particles)

. Dental anatomy and occlusion

. Anatomy of oral soft tissues in relationship to the teeth

. Physiological soft tissue movements

enamel and dentin. It has been shown that some hydrogen peroxide-based gels
may influence enamel surface morphology [68, 69] and softening [70, 71] sug-
gesting an increased susceptibility to dental erosion [72]. These changes are
thought to be related to the specific experimental conditions used or to the
properties of the products. Some of the studies did not include artificial or
human saliva to simulate clinical conditions [69, 70, 73], while others that did
have not shown the same damage to the enamel and dentin surfaces [74—77].
The concentration of hydrogen peroxide, the fluoride content and the pH of the
bleaching agent are factors that may also be responsible for alterations of dental
hard tissues [72, 77, 78]. Indeed, the use of bleaching agents with lower content
of hydrogen peroxide and neutral pH did not increase the susceptibility of
enamel to erosion in vitro [77].

Some controversy remains about the susceptibility of primary teeth com-
pared to permanents. Differences in the mineralization level may render pri-
mary teeth to be one and a half times more susceptible to demineralization than
permanent teeth [79]. However, it was also reported that there was no change in
the susceptibility of these substrates to erosion when challenged by several acid
beverages in an in vitro comparison [80]. Even though a higher prevalence of
tooth wear has been shown for children when compared to adults, it might be
due to the overlap of the erosive challenge with the abrasive procedures
[81, 82], since the primary enamel is supposed to be less resistant to abrasion [80].

Dental Positioning and Soft Tissues

Different positioning of the teeth in the dental arch may provide different
susceptibility of the tooth surface to erosion. As previously discussed, erosion is
highly influenced by the protective factors of saliva, such as flow rate (clearance)
and composition (buffering and remineralizing capacity), which vary in different
sites of the mouth. Hence, the facial surfaces of upper incisors and lingual
surfaces of lower teeth have, respectively, higher and lower susceptibility to
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erosion. Another significant aspect is the relationship of the teeth to the sur-
rounding soft tissues and tongue. Holst and Lange [83] considered the abrasion
caused by tongue to be a contributing factor in erosion caused by vomiting. It
was showed by an in vitro investigation that tongue was able to remove enamel
and dentin softened by erosion [84]. In agreement, an in situ study showed that
unprotected eroded enamel was significant more susceptible to wear, by the con-
tact with oral soft tissues and food, when compared to mechanically protected
surfaces [85]. A similar effect was also suggested by another in situ study testing
the surface wear of eroded dentin [86]. These studies corroborate the findings
from a clinical trial by Jarvinen et al. [87], where it was found that the most
severe erosive lesions were located at the palatal surfaces of the upper teeth, sug-
gesting the abrasive effect of the tongue. Other variables such as the relationship
between the size of the tongue and the dental arches, as well as the positioning of
the teeth may contribute to increasing the progression of erosion.
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Abstract

During and after an erosive challenge, behavioral factors play a role in modifying the
extent of erosive tooth wear. The manner that dietary acids are introduced into the mouth
(gulping, sipping, use of a straw) will affect how long the teeth are in contact with the erosive
challenge. The frequency and duration of exposure to an erosive agent is of paramount
importance. Night-time exposure (e.g. baby bottle-feeding) to erosive agents may be particu-
larly destructive because of the absence of salivary flow. Health-conscious individuals tend
to ingest acidic drinks and juices more frequently and tend to have higher than average oral
hygiene. While good oral hygiene is of proven value in the prevention of periodontal disease
and dental caries, frequent toothbrushing with abrasive oral hygiene products may enhance
erosive tooth wear. Unhealthy lifestyles such as consumption of designer drugs, alcopops and
alcohol abuse are other important behavioral factors.

Copyright © 2006 S. Karger AG, Basel

The clinical expression of dental erosion is highly variable with some indi-
viduals experiencing total destruction of their teeth and others maintaining
most of their tooth structure throughout their lifetime [1]. While the evidence
linking exposure of endogenous and exogenous acids to dental erosion is very
strong, it is clear that that the clinical manifestation is modified by biological
and behavioral factors. If this were not the case, then the prevalence of erosion
would be much higher since many of us consume acid beverages and experi-
ence exposure to gastric acids at some time in our lives. Biological factors (cov-
ered in the chapter 7.1.2 by Hara et al., this vol, pp 88-99) likely account for
some of the variability. However, differences in lifestyle and behavior are also
important in the etiology of dental erosion [1]. Behavioral factors which can
modify the extent of tooth wear include abusive or unusual consumption of



Table 1. Behavioral factors influencing erosive tooth wear

Unusual eating and drinking habits

Healthier life style: diets high in acidic fruits and vegetables

Unhealthy life style: frequent consumption of alcopops and designer drugs
Alcoholic disease

Excessive consumption of acidic foods and drinks

Night-time baby bottle feeding with acidic beverages

Oral hygiene practices

foods and beverages, healthier lifestyles that may involve frequent consumption
of acidic fruits and vegetables, frequent dieting with high consumption of citrus
fruits and fruit juices as part of a weight-reducing plan, unhealthy lifestyles
involving illegal designer drugs, overzealous oral hygiene practices with abra-
sive dentifrices, and excessive use of tooth bleaching/whitening products [1, 2].
Behavior can also be strongly influenced by socioeconomic status. Several
studies have evaluated the relationship between socioeconomic status and den-
tal erosion [3, 4], but there is a need for more definitive studies in this area. This
chapter will focus on the dietary behavioral factors which influence the clinical
expression of dental erosion (table 1).

Abusive or Unusual Consumption of Foods and Beverages

There is a wide range of foods and beverages that can contribute to erosive
tooth wear [1]. The chemical and physical properties of acidic foods and bever-
ages that contribute to their erosive potential have been covered in the chapter
7.1.1 by Lussi et al. (this vol, pp 77-87). Generally, the moderate consumption
of even highly acidic foods and beverages does not necessarily lead to erosive
tooth wear progression in individuals unless there are other modifying factors
such as markedly decreased salivary gland function. Behaviors which increase
the contact time of an acidic substance with teeth are likely to be the main dri-
ving force leading to erosion in many individuals.

There are many accounts of abusive or unusual behavior by individuals
who frequently ingested acidic fruit juices or carbonated beverages, which have
been linked to excessive dental erosion [5-9]. More recent studies have increas-
ingly linked high consumption of carbonated drinks with increased risk of
developing erosion [10—12]. Excessive consumption of acidic candies combined
with a low salivary buffering capacity may aggravate erosive lesions [13, 14].
Excessive consumption of acidic fruits such as oranges has also been correlated
with dental erosion [15].
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Unusual eating and drinking methods, as well as swallowing habits which
increase the direct contact time of acidic foods and beverages with the teeth, are
obvious factors that will increase the risk of dental erosion. The manner that
dietary acids are introduced into the mouth (gulping, sipping, use of a straw)
will affect which teeth are in contact with the erosive challenge and possibly the
clearance pattern [16, 17]. Holding drinks in the mouth before swallowing
causes a marked pH drop at the tooth surface and increases the risk of erosion
[18]. Several authors have suggested that using a straw is beneficial, since the
straw directs drinks past the anterior teeth and towards the pharynx [17, 19, 20].
However, the placing of a straw labial to the anterior teeth can be very destruc-
tive [21]. The time of day of exposure to an erosive challenge is also important.
Bedtime exposure to acid beverages poses a specific risk factor for children
[22]. Exposure to erosive agents at night is particularly destructive because of
the nocturnal absence of salivary flow.

Healthier Lifestyles

The pursuit of a healthier lifestyle, paradoxically, can lead to dental health
problems in the form of dental erosion. The pursuit of ‘healthier’ lifestyles can
involve regular exercise and what is considered healthy diets with more fruits
and vegetables. The benefits of exercise are well proven; however, exercise
increases the loss of body fluids and may lead to dehydration and decreased
salivary flow. Satisfying an increased energy requirement and need for fluid
intake with low-pH sugar-containing beverages during a time of decreased sali-
vary flow may be doubly dangerous to the dentition. Frequent ingestion of
acidic sports drinks, fruit juices and other carbonated and uncarbonated acidic
beverages may therefore increase the risk of dental erosion for the athlete [23].
A recent review indicated that the evidence for an association between sports
drinks and risk for dental erosion was not as strong as for other acidic beverages
[24]. There may also be an overlap with an intrinsic etiologic factor. Vigorous
exercise has been shown to increase the possibility of gastroesophageal reflux
in some individuals [25].

Healthier diets include the consumption of more fruits and vegetables. A
lactovegetarian diet, which includes the consumption of acidic foods, has been
associated with a higher prevalence of dental erosion [26]. Individuals that live
on a raw food diet have been shown to have significantly more dental erosion.
Vegetarianism is also common in certain ethnic and religious groups [27].
Some herbal teas, particularly brands containing rose hip, lemon and mallow,
were found to be very acidic (pH 2.6-3.9), with a relatively high buffering
capacity and a low fluoride concentration [28]. Herbal teas, widely perceived as
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a healthy drink, may have an erosive potential exceeding that of orange juice
[29]. Many iced tea products also have added lemon juice or citric acid and thus
have the potential to cause dental erosion [30, 31].

Frequent dieting for health or vanity is another behavioral pattern that is
common in many Western countries. A high consumption of citrus fruits and
fruit juices may be part of weight reduction plans which can increase the risk
for dental erosion. Also, fasting for health reasons may involve the frequent
consumption of herbal teas. Angmar-Mansson and Oliveby [28] suggested that
the combination of consuming acidic drinks and reduced salivary flow associ-
ated with fasting may increase the risk of dental erosion.

To further compound the problem, health conscious individuals also tend
to have better than average oral hygiene. While good oral hygiene is of proven
value in the prevention of periodontal disease and dental caries, frequent tooth-
brushing with abrasive oral hygiene products may render teeth more susceptible
to dental erosion [1] (see chapter 3 by Addy et al., this vol, pp 17-31). Several
studies have shown that the loss of tooth substance after exposure to citrus fruit
juice is accelerated by toothbrushing [32]. The clinical implication of this is that
toothbrushing surface immediately after ingestion of acidic foods or beverages
may accelerate tooth loss (see chapter 12 by Lussi et al., this vol, pp 190-199).

Unhealthy Lifestyles

At the other end of the spectrum, an unhealthy lifestyle may also be asso-
ciated with dental erosion. Alcoholics may be at particular risk for dental ero-
sion and tooth wear. Robb and Smith [33] reported significantly more tooth
wear in 37 alcoholic patients than in age- and sex-matched controls. Tooth wear
was most pronounced in males and those with frequent alcohol consumption.
Above all, the palatal surfaces of the upper anterior teeth showed erosive tooth
wear which in most cases was connected to gastrointestinal symptoms and
vomiting. Associations have also been found between dental erosions and the
duration of alcoholic abuse and with symptoms and disease of the gastrointesti-
nal tract [34]. In another study [35], prevalence of tooth erosion was 47.1% in
alcohol abusers. Also of concern is the increased use of alcoholic soft drinks
(alcopops) by adolescence children and young adults, which in addition to the
potential of inducing vomiting are highly acidic [36, 37]. There is some evid-
ence that cider is erosive [38, 39].

Dental erosion has also been associated with individuals that use
illegal designer drugs. Duxbury [40] suggested that the use of ‘ecstasy’ (3,4-
methylenedioxy-methamphetamine) may be a contributing factor to dental
disease. The combination of ecstasy-induced dry mouth, dehydration from the
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vigorous physical activity, and the excessive consumption of low pH soft drinks
may result in an increased likelihood of dental erosion and dental caries.
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