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Summary

The Influence of Salivary Factors on Dental Erosion

Dental erosion appears to be an increasing problem in patients of all ages, with the

rising incidence linked ta the escalating consumption.of soft drinks. -The research - - - - - - -
discussed here has evaluated differences between various soft drinks. Variations

between the salivary buffering capacity of normal individuals and subjects with

erosion have also been identified.

Most soft drinks are acidic and have a low pH value. However, pH determines only
the free acid ions, whereas titratable acidity gives an indication of the total acid
present in the drink. The acids in a drink also contribute to the drink’s buffering
capacity. Drinks with a higher buffering capacity resist the rise in pH that saliva
attempts to bring about and, therefore, have the potential to keep the pH of the oral

cavity lower for longer.

Total acidity can be assessed by carrying out an acid-base titration. The slope of the
graph, that is the total amount of alkali needed to bring about a rise in pH, gives an
estimate of the buffering capacity of the drink. Several different groups of drinks
have been tested. Carbonated drinks such as cola, which are not fruit-based, fruit-
flavoured carbonated drinks such as Lilt, sparkling mineral waters, both plain and

flavoured, still mineral water and pure fruit juices have all been included.

The initial pH values showed cola drinks to have the lowest pH and still mineral

water the highest. Significant differences in buffering capacity were found between
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each of the groups of drinks tested. The total acid found in fruit juices and fruit-
based drinks was far greater than that found in cola drinks. It is clear that the
addition of fruit flavouring, and hence more acid, to drinks increases their buffering
capacity. This was despite the fact that the initial pH values of the fruit juices were
higher than the cola drinks, indicating that pH values alone do not predict accurately
the total amount of acid present in a drink. Caution must be exercised, however,
when extrapolating these results to the oral cavity, but it is clear that in terms of acid

content, fruit drinks and fruit juices have more potential demineralise tooth tissue.

In the mouth, saliva becomes a major modifying factor, as it neutralises and buffers
acidic substances and acts in effect as a biological base. By carrying out titrations of
saliva with soft drinks, it can be seen how effective saliva is at coping with the

challenge of acidic drinks.

Drinks from each of the main groups were titrated with saliva from various
volunteers. Again, clear differences were seen between the various groups of drinks,
with pure fruit juices causing the greatest changes in salivary pH, followed by fruit-
based carbonated drinks. Carbonated cola drinks and sparkling mineral waters

caused smaller changes in salivary pH.

Saliva was also collected from volunteers with diagnosed dental erosion. It was
interesting to note that the pH of saliva from those with erosion fell more quickly
than that of normal individuals. Saliva from individuals with erosion may, therefore,

be less able to cope with the acidic challenge of soft drinks.
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The oral cavity is a dynamic physiological model. There are many complex factors
involved in the interactions of saliva with acidic drinks, which in vitro experiments
only go some way to explaining. The monitoring of salivary pH during drinking
involved observing changes in pH while consuming an entire can of beverage. A
measured sip of the chosen soft drink was taken every minute, with saliva being
‘collected shortly after each sip for pH measurement. Three different drinks were

tested, including a pure fruit juice and a diet drink.

For most of the volunteers, salivary pH fell during drinking. There were a few
individuals for whom the pH values of saliva rose during drinking, highlighting the
excellent ability of saliva as a buffering agent. However, the most common finding
was a fall in salivary pH, which often extended beyond the drinking time, indicating
that the effects of soft drinks on the saliva may continue for some time after drinking
has stopped. It was felt important to include patients with diagnosed erosion in this
trial, to see how their saliva reacted to an erosive insult. The fall in salivary pH was
particularly marked for these volunteers with erosion. Once again, it emerged that
there may be some deficiency in the saliva of those who are prone to erosion, in that
the buffering capacity of the saliva appeared to be reduced. There were also
differences between the various drinks tested. Consumption of the pure fruit juice
caused the pH of saliva to fall to a lower value than when the cola drink was taken.
These results underline the results from the earlier in vitro tests, indicating that pure
fruit juices may have more potential to cause erosion because of their ability to lower

the pH of the oral cavity for longer.
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There is evidence that many factors contribute to the buffering ability of saliva.
Salivary proteins are believed to play a role, especially at extremes of acidity. An
investigation using gel electrophoresis to separate proteins in the saliva from a range
of normal and erosion volunteers showed that some erosion individuals had more
proteins of low molecular weight. Salivary proteins are also involved in the
-formation of pellicle, which is thought to givé a degree of protection against acid
erosion. Any differences in protein content may play a significant role in disease

development for those prone to erosion.

In summary, these studies have allowed significant insights to be made into the
aetiology of dental erosion. It has been identified that, not only do drinks vary in
their ability to lower salivary pH, but that saliva also varies considerably in its ability
to counteract erosive changes. However, further research in this area is ongoing and

investigation into other factors involved in dental erosion continues.
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1 INTRODUCTION AND REVIEW OF LITERATURE

1.1 Introduction

Dental erosion is clinically distinct from caries and is attracting considerable interest

from both the der_lta_l pyofjes§iqn and the popular press (Connor, 1996, Christie, 1998)..

1.2 General

1.2.1 Definition and terminology

Pindborg (1970) defined erosion as the superficial loss of dental hard tissue by a
chemical process which does not involve bacteria. Eccles (1982a) suggested that
chemical etching by acid might be supplemented by chelation. Possible chelating
action by citrates was first proposed by Zipkin & McClure (1949). The generic
terms tooth surface loss (Eccles, 1982a) and tooth wear (Smith & Knight, 1984a)
include other chronic destructive processes such as abrasion and attrition, which lead
to irreversible loss of tooth structure. It is unusual to see any process acting alone
and difficult to determine the part played by each (Eccles, 1982a) and, therefore,

erosion can be seen as a multifactorial process, similar to caries.

Attrition describes the wear of teeth at sites of direct contact between the teeth (Mair,
1992). Attrition is often the result of bruxism and facets are usually seen on the
occlusal and incisal surfaces (Robb, Cruwys & Smith, 1991). Wear can also occur

interproximally during mastication (Eccles, 1982a).
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Abrasion is mechanical wear caused by objects other then another tooth (Mair, 1992)
and its occurrence was found to be infrequent compared to other types of tooth wear
(Smith & Knight, 1984b). Abrasion is usually the result of jover vigorous
toothbrushing (Knight, 1969) but other agents, such as pipe stems and hair grips,

have been thought to cause abrasion (Eccles, 1982a).

Other terms are now coming into use to describe certain forms of tooth wear.
Demastication is a term used to describe lesions which are often a combination of
abrasion and attrition when an abrasive diet causes pathological interproximal wear
(Imfeld, 1996a). Abfraction, meaning “breaking away” is the result of interocclusal
forces creating flexure and thus, physical microfractures (abfractions) at the cervical
region (Grippo & Simring, 1995). The resulting fracture at the cementoenamel
junction causes a classic wedge-shaped defect (Imfeld, 1996a). Non-carious tooth
substance loss can also be the result of resorption, either physiological or
pathological (Imfeld, 1996a). Perimylolysis is a special form of erosion that
describes the defect which occurs when the patient suffers from chronic regurgitation

and lesions are seen on the palatal surfaces of maxilliary teeth (Pindborg, 1970).
1.2.2 Classification

Eccles (1979) developed a classification based on clinical severity of erosion, graded
from slight to severe, by expanding a previous proposal (Eccles & Jenkins, 1974).

The classification is as follows:
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e Class I denotes a superficial lesion involving enamel only

e Class II signifies a localised lesion involving dentine of less than one third
of the tooth surface

e Class III indicates a generalised lesion, with more than one third of the

surface having exposed dentine.

Smith & Knight (1984a) proposed a new index for tooth wear, to record damage by
the triad of attrition, erosion and abrasion, either singly or in combination. The
index involves scoring each tooth from 0 — 4, although varying criteria apply to

different tooth surfaces. Broadly, the index is scored as below:

0: no change

1 loss of enamel surface characteristics

2 dentine exposed for less than one third of the surface
3: dentine exposed for more than one third of the surface
4. complete loss of enamel or pulp exposure

Figure 1.1 shows a labial view of a patient with erosion. The enamel surface is
shiny, with loss of surface features. In addition, wear has progressed to the stage
where there is shortening of the incisal edge. A palatal view of a patient with erosion
is shown in Figure 1.2. There has been loss of tooth tissue into dentine, with a

characteristic rim of enamel remaining around the edge of the tooth.
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Figure 1.1
Labial view of a patient with erosion.

Figure 1.2
Palatal view of a patient with erosion.
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1.2.3 Pathology: mechanisms of tooth wear and tissue loss

Jenkins (1981) summarised the acid theory of caries and pH changes at the tooth

surface as follows:

-eApatite solubility at neutral pH is low, calcium and phosphate ions in saliva
and plaque provide a supersaturated solution, preventing enamel
dissolution;

e At lower pH values, around pH 5.5, apatite solubility increases, calcium
and phosphate in the environment can no longer saturate the enamel and so
mineral dissolves;

e As the pH rises, saturation is reached again and apatite is re-formed in

enamel, completing the demineralisation/remineralisation cycle.

Caries, however, conststs of a penetrating lesion, rather than the superficial spreading
decalcification seen in erosion (Jenkins, 1966). Erosive agents dissolve the apatite
crystals and, because the dissolved minerals are removed immediately, enamel is lost

layer by layer from the surface (ten Cate & Imfeld, 1996).

Acid is the principal agent in enamel dissolution for both caries and erosion,
although the source differs. Bacterial metabolism produces weak acids which cause
caries, while the relatively stronger acids causing erosion come from dietary sources,
the environment or endogenous sites such as the stomach (Larsen, 1973). Larsen
(1973) proposed that the two types of enamel dissolution were chemically distinct.
Erosion occurred when teeth were exposed to a buffered solution undersaturated with

respect to both hydroxyapatite (HA) and fluorapatite (FA), similar to the degrees of
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saturation found in fruit juices and soft drinks. The teeth showed surface etching but
no sign of subsurface demineralisation. Saliva is undersaturated with respect to HA
and FA at pH levels below 4. When teeth were placed in a buffer supersaturated

with respect to FA but undersaturated with respect to HA, they exhibited subsurface,
caries-like lesions, with the original enamel surface remaining intact. FA was
depositing into the surface enamel while HA was dissolving from the surface enamel.
The conditions at which saliva is supersaturated with respect to FA and

undersaturated with respect to HA are found in the pH range 4.5 - 5.5.

This work was carried further by Larsen in 1974, to show that changing the
saturation degrees of fluids could indeed dissolve the subsurface enamel while
preserving the surface layers and yet at other times cause erosive injury. However,
no account was taken of the role of saliva in remineralisation or the potential effects
of overlying plaque and pellicle. The use of a diffusion barrier (Larsen, 1991a) to
create a local supersaturation with respect to FA changed the formation of erosion
lesions to those of caries. The relationship between the development of erosion and
caries was investigated by Larsen (1991b) who showed that erosion could develop

over caries by changing the saturation conditions with respect to FA.

The actual mechanism of enamel surface loss is still uncertain. Meurman & Frank
(1991b) used scanning electron microscopy (SEM) to study the progression of
erosion in human and bovine enamel immersed in various soft drinks. They
described dissolution of the prism cores following a prolonged acidic challenge, with
eventual involvement of the interprismatic areas. The study also observed irregular
dissolution in aprismatic enamel, with areas of distinctly eroded enamel adjacent to

less affected areas, suggesting that aprismatic enamel is not as liable to erosive
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destruction as prismatic enamel. To simulate mechanical wear, some samples were
diamond-polished and erosion progressed more readily in these specimens. This
suggested that the outermost layer was probably more acid resistant than the deeper
layers of enamel and was thought to represent the clinical situation where erosion is
associated with other forms of tooth wear. Millward, Shaw & Smith (1995), in
developing an in vitro technique for erosive lesion formation, observed that citric
acid pumped across enamel caused loss of the aprismatic enamel surface. As
exposure times increased, micropitting became more severe and the underlying
prismatic enamel was exposed. Changes in enamel surface texture were examined
by Whitehead ef al. (1997) using SEM and profilometry. Eroded enamel appeared

smoother with a significant increase in the depth of pits and pores.

Meurman, Drysdale & Frank (1991) also investigated erosion of dentine by similar
methods to those used in their enamel studies. Peritubular dentine was the first
tissue to be affected, with destruction and tubular hollowing. The lesions progressed
to the intertubular areas, causing a rough and porous surface. The tubules became
significantly enlarged, allowing easier access to the odontoblast processes and,

therefore, explaining the painful sensitivity experienced by many patients.

The chemistry of dental erosion was summarised by McIntyre (1992). The ions from
strong acids overwhelm the phosphate buffers in saliva before bicarbonate can be
generated from saliva stimulation. The acid ions will then react with the phosphate
groups of HA and even FA, preventing further buffering or remineralisation,
resulting in enamel dissolution, which proceeds until bicarbonate buffering becomes
effective. This situation is in contrast to the weaker, more prolonged acidic challenge

of caries which allows sufficient time for effective buffering of acids and
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remineralisation of at least the surface layer. Fluoride incorporation into enamel is
particularly effective in the prevention of caries, but less so in the erosion process
because at the low pH values present during erosion, both HA and FA are unstable.
Fluoride in either the enamel or in the ambient solution will not affect the degree of

undersaturation with respect to mineral (Meurman & ten Cate, 1996).

In summary, the main differences between erosion and caries are manifested by the
fact that they rarely occur on the same site. Caries occurs on plaque-covered sites
whereas erosion occurs in areas which are free from plaque. The concentrations of
the acids involved in erosion are greater than the concentrations of the acids
produced at specific sites by plaque microorganisms in caries (Meurman & ten Cate,
1996). Erosion involves rapid demineralisation (Millward, Shaw & Smith, 1995)
with remineralisation occurring during prolonged periods between acid exposure. In
contrast, caries tends to be a slower process, with a dynamic equilibrium between de-

and remineralisation (Nunn, Shaw & Smith, 1996).
1.2.4 Prevalence and epidemiology

Very few population-based surveys have been published and this may be due, in part,
to the lack of well-defined criteria for assessing erosion (ten Cate & Imfeld, 1996).
Prevalence of erosion in young people in the UK has been measured nationally by
the National Child Dental Health survey in 1993 (O’Brien, 1994) and the National
Diet and Nutrition survey in 1992-3 (Hinds & Gregory, 1995). In both surveys,
erosion proved difficult to assess. In the former survey, over half of five and six year
old children had erosion of one or more primary incisors, with a quarter of these

progressing into dentine or pulp. In children aged eleven and over, a quarter had

Page 8



erosion on the palatal surfaces of the permanent upper incisors, although only 2%
had progressed into dentine or pulp. The latter survey noted that palatal erosion was
present in 19% of the 1Yz - 4% year old children, with dentine or pulp involvement in

8% and the prevalence increasing with age.

Other more local prevalence studies of erosion in UK children have also been carried
out. Milosevic, Young & Lennon (1994) examined 1035 children in Liverpool, 30%
of whom had exposed dentine, mainly incisally. Eight percent also had exposed
dentine on occlusal and/or lingual surfaces. It was of interest that as prevalence of
tooth wear increased, levels of deprivation worsened. This was in contrast to a study
of 176 four and five year olds carried out in the West Midlands (Millward, Shaw &
Smith, 1994) when there was a positive correlation between socio-economic class
and prevalence of erosion, in that children from low socio-economic groups had less
erosion. Nearly half of the children in this survey showed some erosion, more
commonly on the palatal surfaces of maxilliary incisors. Millward et al. (1994) also
surveyed 101 children attending Birmingham Dental Hospital, 20 of whom had been
referred concerning tooth tissue loss with the remaining 81 being chosen randomly
from consecutive attenders. Tooth wear was found in over 80% of maxilliary

incisors and 30% of primary molars had some dentine exposed.

Surveys of erosion in adults have also been carried out. In the United States, a two
centre study of patients in Los Angeles and Boston showed that the prevalence varied
not only between the cities but also between tooth types, although overall it was
found that 25% of individuals were affected by erosion (Xhonga & Valdmanis, 1983).
In a random sample of Swiss adults from two age groups, 8% of the 26-30 age group

and 13% of the 46-50 age group showed at least one tooth affected by labial erosion
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with involvement of dentine, while 30% of the younger and 43% of the older age
groups had erosion into dentine on the occlusal surface of 3 or 4 teeth (Lussi ef al.,
1991). Ekfeldt (1989) in an epidemiological survey of 585 people found that 65% of
20 year olds showed incisal and occlusal wear of at least one tooth, with this number
increasing to an average of 75%-85% in other age groups, confirming that severity
and prevalence of wear increases with age. More recent studies have shown that
57% of 11-14 year old school children had tooth wear on more than 10 teeth,
although dentine involvement was rare (Bartlett ez al.,1998). Investigations into the
oral health of young Saudi men found that 28% of maxilliary anterior teeth showed
pronounced dental erosion (Johansson et al.,1996). Smith & Robb (1996), in
providing baseline data for an epidemiological study, found that 6% of 15-26 year
olds and 8% of over 65 year olds had unacceptable levels of tooth wear. They also
noted that more men than women showed tooth tissue loss. It has been suggested
that the prevalence of erosion is increasing. However, it may also be that the lesion

is becoming better recognised by dentists (Jarvinen, Rytomaa & Heinonen, 1991).

1.2.5 Diagnosis and site of erosion

It has long been recognised that it is not always possible to differentiate clinically
erosion from either abrasion or attrition (Eccles, 1982a). However, several features
indicate that an erosive factor may be involved, such as loss of labial tooth surface,
proud restorations and cupping of molar cusps and incisal edges (Eccles, 1982a).
Often the palatal surfaces are hollowed out and the incisal edges thin (Eccles,
1982b). Early changes involve diminished enamel lustre, with loss of developmental
pits and grooves as erosion progresses, leaving the eroded area smooth and polished

with well-defined borders (Bevenius, L’Estrange & Angmar-Ménsson, 1988). Once
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dentine is exposed, loss of tooth tissue accelerates, particularly in the primary

dentition, and especially when abrasion also becomes a factor (Shaw & Smith, 1994).

This is noticeable not only on incisors but also molars (Milosevic & Lennon, 1995).

The site of erosion was thought to give some indication as to the aetiology of the
condition. For example, dietary factors were thought to be more likely to cause
labial erosion, in contrast to intrinsic sources more likely to affect palatal and
occlusal surfaces (Eccles, 1982a). However, it seems that it may not be so
straightforward, because of individual variation in clearance patterns, salivary flow
rates, buffering capacity, as well as concomitant extrinsic and intrinsic causes
(Meurman & ten Cate, 1996). The study by Jarvinen, Rytomaa & Meurman (1992)
suggested that the cause of dental erosion could not be reliably predicted from the

location of the lesion.

1.3 Aectiology

Dental erosion, like dental caries and periodontal disease, has a multifactorial
aetiology and although one factor may play a predominant role, many others will
contribute to the erosive process (Zero, 1996). A thorough history is required to
assess the aetiology, yet in some cases, the aetiology will remain undetermined

(Smith & Knight, 1984b).

1.3.1 Endogenous factors

Stafne & Lovestedt (1947) observed that gastrointestinal disorders leading to regurgitation

and vomiting could cause dissolution of tooth substance if gastric acids contacted the
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teeth several times a week over a period of one or two years. Although the
prevalence of erosion from intrinsic acid is unknown, studies by Smith & Knight
(1984b) and Jarvinen, Rytomaa & Meurman (1992) suggest that endogenous factors
may be involved in a quarter of all erosion cases. Jarvinen, Rytomaa & Heinonen
(1991) found the risk of erosion was between 4 and 18 times higher in patients who
suffered from regurgitation and chronic vomiting respectively, compared to non-
vomiting patients. Acid regurgitation is a symptom of peptic ulcer disease and reflux
oesophagitis (Jarvinen ez al., 1988). Gastro-oesophageal reflux (GOR) can even be
found in children (Aine, Baer & Maki, 1993) and is often asymptomatic (Taylor et
al., 1992). However, not all patients with GOR develop erosion (Meurman et al.,
1994), again highlighting the importance of individual susceptibility. Reflux may
also be associated with certain types of handicap, such as cerebral palsy, with
contributory factors including incoordination of swallowing and prolonged
recumbence (Shaw & Smith, 1994). Bruxism may combine with erosion to cause
severe tooth wear; indeed higher levels of tooth wear have been reported in children

suffering from cerebral palsy (Pope & Curzon, 1991).

Gudmundsson et al. (1995) investigated the relationship between tooth erosion and
GOR by 24-hour intra-oral and intra-oesophageal pH monitoring of 14 erosion
patients. They failed to reveal any changes in intra-oral pH during acid reflux.
However, the analysis of salivary factors showed lower salivary buffering capacity in
erosion patients compared with controls, indicating that salivary defence mechanisms
may be highly relevant in the aetiology and progression of erosion. Another study in
1995 also attempted to determine the link between GOR and dental erosion

(Schreoder et al., 1995). This investigation did show a relationship, in that 10 out of
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12 patients with idiopathic erosion showed reflux on oesophageal pH monitoring.
However, it was unable to detect any abnormalities in salivary analyses, including

flow rates, pH, buffering capacity, and calcium and phosphate levels.

GOR is not normally under voluntary control, although there has been a case report
in the literature describing a voluntary reflux phenomenon, where the patient had the
ability to regurgitate his gastric contents. These were held in the buccal pouch before
being reswallowed, which eventually caused advanced erosion tooth surface loss
(Gilmour & Beckett, 1993). Such human rumination may be linked to psychological

problems.

Chronic vomiting can be a manifestation of the eating disorders anorexia nervosa and
bulimia nervosa. These psychosomatic illnesses involve self-induced vomiting and
the prevalence is about 5% in the Western world (Scheutzel, 1996), with young
women being particularly at risk (Bishop, Briggs & Kelleher, 1994). In contrast to
anorexic patients who lose weight by a combination of starvation and vomiting,
bulimics are of normal weight but indulge in eating binges followed by episodes of
vomiting, fasting and laxative abuse (Rytomaa et al., 1998). There have been many
reports in the literature concerning erosion as a result of eating disorders (Andrews,

1982; Robb, Smith & Geidrys-Leeper, 1995).

Alcoholism is also a common problem in today’s society. As well as causing many
other changes, acute alcohol intake can result in gastric reflux (Scheutzel, 1996)
while long term alcohol abuse can induce chronic vomiting (Simmons & Thompson,

1987), both contributing to dental erosion. A recent case report has implicated

“alcopops” alcoholic soft drinks in the aetiology of dental erosion. These drinks not
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only have a low pH, but their alcohol content may also carry an increased risk of
vomiting (O’Sullivan & Curzon, 1998). Other possible causes of regular vomiting
include metabolic and endocrine disorders or medication side effects (Scheutzel,

1996).

1.3.2 Exogenous factors

Many varying exogenous factors can play a part in the aetiology of dental erosion,
with much of the evidence being presented in the form of case reports. Severe
erosion was produced in patients with achlorhydria who took dilute hydrochloric acid
by mouth (Stafne & Lovestedt, 1947; Knight, 1969). Nowadays, the use of
hydrochloric acid in capsules has halted the progress of this form of dental erosion
(Smith & Knight, 1984b). The effect of effervescent and chewable vitamin C
(ascorbic acid) tablets was examined by Meurman & Murtomaa (1986) who showed
that the preparations, all of which had a pH below pH 5.5, caused erosion of bovine
teeth in vitro. They concluded that in patients with normal salivary flow, the short-
term consumption of vitamin C would be harmless, although erosion could occur if
the tablets were kept in direct contact with teeth for long periods of time. Hays ez al.
(1992) measured salivary pH while dissolving a chewable vitamin C tablet and
showed that, despite the presence of sodium ascorbate as a buffering agent, a
significant drop in salivary pH occurred. As there appears to be no topical efficacy
of vitamin C they advised that tablets should be swallowed whole. Acetylsalicylic
acid (ASA) or aspirin has also been reported to cause erosion (Sullivan & Kramer,
1983). ASA is the drug of choice for treating juvenile rheumatoid arthritis and as
they are used three of four times a day for many years, the tablets should again be

swallowed whole rather than chewed or sucked (Tanchyk, 1986). A SEM study of
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the erosive action of ASA on enamel showed that salicylate solution buffered with
calcium carbonate had less erosive potential than an unbuffered solution (Hannig,
Rogalla & Albers, 1992). Another acid reported to be involved in erosion is Ecstasy
(3, 4, methylenedioxymethamphetamine or MDMA). MDMA causes xerostomia
and this, together with the dehydration from over-vigorous activity, is relieved by the
consumption of soft drinks, the sugar in which is thought to enhance the absorption
of Ecstasy. This increased consumption of soft drinks will be reflected in a higher
rate of erosion. The use of such a drug should be considered in young adult patients
who present with erosion of unknown origin (Duxbury, 1993). Other acids taken
into the mouth may also cause erosion. A case report by Leary & Johnson (1987)
recorded the use of nitric acid by a psychologically disturbed patient, highlighting the
importance of collaboration with other members of the health field. Mouthwashes
have also been implicated in the aetiology of dental erosion because they contain
organic acids and calcium chelating agents. Rytomaa et al. (1989) compared several
available products in vitro and found one containing EDTA to be particularly
erosive. A study of eleven mouth rinses on the UK market found all of them to
contain ethanol and nine to be acidic, which could prevent remineralisation or hasten

erosion already present (Bhatti, Walsh & Douglas, 1994).

Industrial acid fumes, such as those present in battery and galvanising factories, have
been reported to cause erosion, especially of anterior teeth (Tuominen & Tuominen,
1991). There appeared to be no difference in the amount of tooth surface loss
between organic acids and inorganic acids, despite the fact that organic acids are less
acidic, and this is possibly because of the contribution of their calcium chelating

ability (Tuominen ef al., 1991). The incidence of industrial erosion appears to be
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declining with improved industrial practice and greater emphasis on safety at work
(Smith & Knight, 1984b), although it remains a concern in developing countries
(Zero, 1996). Another occupation, which has recently come to light as predisposing
towards dental erosion, is winetasting. This appears to be not only because wine has
a low pH value of pH 3.2-3.8, but also because of the manner of holding wine in the
mouth for several minutes during tasting (Chaudhry, Harris & Challacombe, 1997).
In a study of nineteen qualified winetasters, testing between twenty and fifty
different wines a day, fourteen were found to have erosion and so it was concluded
that erosion was an occupational hazard for winetasters (Wiktorsson, Zimmerman &

Angmar-Mansson, 1997).

Environmental factors implicated in the aetiology of dental erosion also include
exposure to swimming pools chlorinated by chlorine gas. This results in the
formation of hydrochloric acid that requires neutralisation and buffering to maintain
the pH in the range pH 7-8 (Zero, 1996). SEM tests by Gabai ef al. (1988)
confirmed that enamel immersed in samples of swimming pool water of various pH
values showed signs of erosion. Inadequate buffering and monitoring of pool pH
could involve swimmers being exposed to pool water with erosive potential. People
involved in sports of any kind, including competitive swimmers, may also be at risk
of erosion if they consume large quantities of sports drinks (Milosevic, Kelly &

McLean, 1997).

1.3.3 Dietary factors

Dietary factors, although exogenous by nature, have received considerable attention

in the aetiology of dental erosion and so an entire section will be devoted to a review
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of the literature related to this field. In our multiethnic society, spices, vinegars and
other acidic additives may be other contributory factors in erosion, although a recent
study failed to show a statistically significant contribution (Bartlett et al., 1998).
Linkosalo and Markkanen (1985), in comparing a group of lactovegetarians with a
control group, noted the incidence of erosion to be greater in lactovegetarians and
found the most important dietary factors to be the consumption of vinegar, vinegar
conserves, citrus fruits and acidic berries. Milosevic, Lennon & Fear (1997) studied
tooth wear in teenagers and established that eating pickled food other than pickled
onions was significantly more frequent in children with wear than in controls. An
investigation of those living on a raw food diet showed a significantly higher
incidence of erosion in this group compared with controls (Ganss, Schlechtriemen &
Klimek, 1999). Other foods with a low pH value such as apple vinegars (Jarvinen,
Rytomaa & Heinonen, 1991) and acidic sweets (Bibby & Mundorff, 1975) have also
been implicated in the aetiology of erosion but most reports link acidic beverages to

the rising prevalence of tooth wear.

Acidic soft drinks have, for many years, been thought to be involved in the erosive
process. Early reports by Stafne & Lovestedt (1947) and Holloway, Mellanby &
Stewart (1958) linked lemon juice and other fruit drinks to the destruction of enamel.
The sales of soft drinks have risen dramatically in the United States (Ismail, Burt &
Ekland, 1984) and the United Kingdom (Shaw & Smith, 1994), implicating further
soft drinks in the apparent rising prevalence of erosion. A large range of soft drinks
is widely available on today’s market (Figure 1.3). Case reports have appeared in the
literature which also propose a relationship between soft drink consumption and

erosion (Touyz, 1986; Asher & Reid, 1987, Mackie & Blinkhorn, 1989). Two early
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Figure 1.3
An example of some ofthe soft drinks available on today’s market.
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case studies attributed unusual patterns of tooth wear to abnormal drinking habits
such as holding drinks in the mouth prior to swallowing (High, 1977) and using a
straw or feeder cup placed labial to the dentition (Mackie & Hobson, 1986). In
contrast to this, several authors have advocated the use of a straw as being beneficial
to the dentition. Birkhed (1984) and Grobler, Jenkins & Kotze (1985) showed by
plaque pH studies that use of a straw allowed drinks to avoid contact with teeth.
Smith & Shaw (1993) studied the effect of mode of administration on oral clearance
and found that straws minimised oral contact of drinks. Videofluoroscopy was
employed to visualise fluid distribution by Edwards et al. (1998) and demonstrated
the correct use of a straw placed well back in the mouth prevented contact of fluid

with teeth.

Various epidemiological studies have attempted to establish a relationship between
diet and dental erosion. Jarvinen, Rytomaa & Heinonen (1991) proposed there was a
greater risk of erosion if soft drinks were drunk daily or sports drinks weekly. Soft
drinks were found to be significantly associated with the presence of erosion by
Lussi et al. (1991). Statistically significant differences were found, in relation to
drinking habits, between groups of children graded by severity of erosion (Millward
etal, 1994). An increase in the frequency of intake of fruit-based drinks and their
consumption last thing at night were strongly associated with the most severe cases
of erosion. A study of young Saudi men by Johansson ez al. (1997) showed a strong
correlation between the presence of dental erosion and a high level of consumption
of cola-type drinks. Milosevic, Lennon & Fear (1997) found that carbonated drink
consumption was of borderline significance as a predictor of tooth wear in teenagers,

but believed there was probably a relationship. Another study of tooth wear in
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adolescent schoolchildren (Bartlett ez al., 1998) failed to establish a link between
wear and acidic drink consumption. However, they hypothesised that the
consumption of acidic food and drink may provoke GOR and thus the two may have
a dual role in the aetiology of tooth wear. They concluded that the relationship
between tooth wear and diet, salivary factors and endogenous factors was complex

and required further investigation.

The erosive potential of beverages is thought to involve several factors, including
low pH and the buffering capacity of the drink. The relative importance of pH
versus titratable acidity is still under debate, but may be related to the length of time
the drink spends in the mouth (Rugg-Gunn et al., 1998; Larsen & Nyvad, 1999).

Soft drinks may contain several different types of acid that contribute to the low pH
value. Carbonated beverages will contain carbonic acid formed by carbon dioxide in
solution. Even when the carbon dioxide has been blown off and the drinks have
become “flat” the pH remains low (Creanor, Ferguson & Foye, 1995). This indicates
that soft drinks have inherent acidity due to other acids that are added to stimulate
taste and counteract sweetness. These other acids include, for example, phosphoric
and citric acids present in cola-type drinks (Sorvari & Rytomaa, 1991). Fruit juices
and fruit-flavoured drinks are made from a concentrated source of fruit and consist of
organic acids derived from the fruit such as citric acid from oranges, tartaric acid
from grapes and malic acid from apples (Touyz, 1994). Added Vitamin C (ascorbic

acid) may also contribute to the acidity of soft drinks (Touyz, 1994).

However, it is generally accepted that titratable acidity, that is a measurement of the
total acid content, is a more important indicator than actual pH value in determining

erosive potential of beverages (Grobler, Jenkins & Kotze, 1985; Grenby et al., 1989).
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All of these acids listed above may influence the buffering capacity and, therefore,
soft drinks that are strongly buffered are more likely to cause a prolonged pH fall to
occur within the mouth (Touyz & Silove, 1993). The situation is complicated further
by the competition of these buffers with those of the saliva. The ability of a drink to
resist pH changes brought about by salivary buffering may inevitably result in a
prolonged period of oral acidity and, therefore, may play an important part in the

erosion process (Grobler & van der Horst, 1982).

The laboratory evaluation of drinks has been studied extensively (Grobler, 1983;
Grobler & Jenkins, 1983) by measuring pH, fluoride, calcium, phosphorus,
buffering capacities and total carbohydrate. The mineral content of the drinks was
also assessed in a later study (Grobler & van Wyk 1984). Titrations of frozen fruit
juices were compared with fruit juices at room temperature by Touyz & Silove
(1983), who showed that frozen juices had an increased buffering capacity and hence
could be potentially more damaging to teeth. Grenby et al. (1989) showed clear
differences between various kinds of drinks and suggested that, theoretically, citrus
juices could be more damaging to teeth than cola-type drinks. A similar study was
carried out on infant drinks (Grenby, Mistry & Desai, 1990) investigating various
properties in an attempt to indicate the relative erosive potential of drinks. Lussi,
Jaggi & Scharer (1993) characterised various beverages and foodstuffs, as well as
using surface microhardness testing and iodide permeability, in an attempt to
estimate erosive potential. A further study (Lussi, Jaeggi & Jaeggi-Scharer, 1995)
suggested the possibility of predicting the erosive potential of beverages to within an
accuracy of 7 % by using the parameters of baseline pH, buffering capacity,

phosphate concentration and fluoride concentration. The ability of drinks to adhere
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to enamel may also influence their capacity to cause erosion (Ireland, McGuiness &
Sherriff, 1995) in addition to how well saliva may displace the drinks from the tooth
surface. Milosevic, Kelly & McLean (1997) analysed the properties of different
sports drinks available on the UK market and took the extra variable of viscosity into
account. Larsen (1975) found that fruit juices and acidic drinks were undersaturated
with respect to HA and FA and believed this fact alone could explain their erosive
effects. The acidogenic potential of herbal baby drinks was assessed by Duggal et al.
(1996), mainly in relation to depression of plaque pH and cariogenicity. However,
initial pH and titratable acidity were also taken into account as drinks with low
inherent pH and fruit components were thought to have the potential to lead to
erosion of the immature enamel of newly erupted teeth. Smith & Shaw (1987)
examined baby fruit juices, measuring pH values of ready-to-drink juices before and
after dilution and found that even when diluted by a factor of 10, the drinks remained
acidic. An in vitro study of primary teeth immersed overnight in these juice drinks

showed a chalky, opaque appearance with complete loss of surface enamel.

Many other in vitro studies have immersed teeth, both human and bovine, in soft
drinks for varying amounts of time in an attempt to show the damage that acidic
beverages can cause. Human enamel was immersed in various acidic foods and
drinks by Conboy & Cox (1971) who concluded that citric acid was damaging to
teeth. Grobler, Senekal & Laubscher (1990) used an atomic absorption
spectrophotometer to measure the amount of calcium released from enamel
immersed in fruit juices and cola drinks for 2,4,5,6 and 40 minutes. Iodide
permeability was used by Lussi, Jaggi & Scharer (1993) to detect the early stages of

enamel demineralisation, in addition to surface microhardness tests, which have also
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been used by many investigators (Andrade ef al., 1995, Maupomé et al., 1998,
Dodds, Gragg & Rodriquez, 1997). A recent in vitro study (Grando et al., 1996)
used stereomicroscopy and SEM to show large amounts of enamel erosion on
deciduous teeth immersed in soft drinks. Another study confirmed this finding that
deciduous enamel is more susceptible than permanent enamel to erosive damage

(Johansson et al., 1998).

Bovine teeth have been used extensively to study enamel erosion (Rytomaa et al.,
1988; Meurman et al., 1990, Attin ef al., 1997). Subsequent deployment of SEM,
surface microhardness testing and profilometry allowed the changes in the enamel
surface to be assessed. Transverse microradiography has recently been employed to
quantify mineral loss from bovine teeth (Amaechi, Higham & Edgar, 1998a) and to
measure early mineral loss from human enamel (Hall ef al.,, 1997). Synthetic enamel
(sintered HA) (Kanerva ef al., 1992) and pulverised HA (Grenby, Mistry & Desali,
1990) have also been placed into various beverages in an attempt to monitor mineral
loss. However, human teeth, bovine teeth and powdered HA vary greatly in their
dissolution properties. This fact, together with the variations in experimental design
and method of substrate preparation, means that direct comparisons between these
various studies cannot be made (Zero, 1996). In addition, no account was taken of
the many biological modifying factors, such as saliva, pellicle and plaque present in

Vivo.

Animal studies in rats have been widely used to evaluate the erosive effects of
beverages (Holloway, Mellanby & Stewart, 1958; Sorvari, 1989; Mistry & Grenby,
1993) but again direct extrapolation of these results to the erosive process in humans

remains a problem. There are well established physiological differences between
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rats and humans with regard to drinking method, enamel composition and solubility,
and salivary pH and buffering capacity (Zero, 1996). Recently, a number of in situ
models have been developed (West ef al., 1998a, 1998b; Rugg-Gunn ez al., 1998,

Hall et al., 1999) in the hope of studying erosion under controlled in vivo conditions.

Attention has been devoted to modifying the composition of drinks to reduce their
erosive potential, as it has been shown that added calcium and phosphate can protect
against enamel erosion (Hay et al., 1962). Sorvari, Kiviranta & Luoma (1988) added
fluoride and magnesium to sport drinks and showed a protective effect. Calcium
lactate was added to Coca-Cola (Beiraghi et al., 1989), significantly reducing tooth
erosion in rats. The substitution of citric acid with malic acid reduced the HA
dissolving effect in vitro of certain sports drinks (Meurman et al., 1990). Recent
work by Hughes, West & Addy (1997) suggested that adding 1ppm fluoride to drinks
reduced erosion in vivo by 50%, while further work by Hughes et al. (1999)
indicated that added calcium reduced the erosive potential of a blackcurrant drink.
Larsen & Nyvad (1999) showed that a drink with added calcium and phosphate,
intended to counteract osteoporosis, also appeared to prevent enamel erosion, while a
recent in vifro study described the protective effect of fluoride and xylitol against

enamel erosion from orange juice (Amaechi, Higham & Edgar, 1998b).

Several workers have measured fluoride content of soft drinks, not necessarily in
relation to erosion. With a shift away from drinking tap water in favour of
consumption of other beverages, concern has been expressed that people living in
optimally fluoridated areas may be missing out on its benefits when they substitute
water for other soft drinks (Enno, Craig & Knox, 1976). However, if drinks are

manufactured using fluoridated water, the beneficial effects will be retained (Schulz,
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Epstein & Forrester, 1976). Children who consumed fluoridated beverages daily for
3 years showed a reduced incremental caries rate compared with children who
consumed pure citrus beverages (Gedalia et al., 1981), showing that fluoride in
drinks has an anti-caries effect, as well as a potentially reduced erosive effect.
Concern, however, has been expressed that children who drink excessive amounts of
juice drinks prepared with fluoridated water may in fact be predisposed to fluorosis
(Kiritsy et al., 1996), highlighting the importance of strict monitoring of fruit juice

intake in children.

1.4 Saliva

The role of saliva in the aetiology of dental erosion is an area that has received

considerable attention and yet still requires greater clarification.

1.4.1 Salivary composition

Buffering of acids, from both dietary and bacterial sources, is an important salivary
function, which minimises pH changes in the oral cavity. The substances in saliva
which have been thought to be involved in buffering are bicarbonate, calcium
phosphate, protein, mucoid and ammonium (Lilienthal, 1955). Ammonium, rather
than buffering the acid, actually neutralises it (Lilienthal, 1955). In resting saliva,
phosphates (Tenovuo, 1997) and peptides (Mandel, 1987) are the major buffers,
while bicarbonate is thought to be the principal buffer in stimulated saliva
(Lilienthal, 1955; Edgar, 1992). At low pH values of 4 — 4.5, salivary proteins

display some buffering action (Tenovuo, 1997).
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Saliva is supersaturated with respect to tooth mineral at normal intra-oral pH levels,
which maintains the solid phase of tooth enamel (Lilienthal, 1955). When the pH
falls, the hydrogen ion concentration rises, and these react with the phosphate groups.
The saliva is then no longer supersaturated with respect to the mineral, so dissolution
of enamel occurs. As the pH rises again, this reaction is reversed and mineral is
redeposited on the defects by the process of remineralisation as the degree of
supersaturation returns (Edgar, 1992). Although saliva is supersaturated with respect
to tooth mineral, spontaneous precipitation of salts is prevented, probably due to ion
binding components in the saliva, such as pyrophosphate, statherin (a tyrosine-rich
protein) and proline-rich proteins. The proline-rich proteins are also adsorbed to the
pellicle, possibly inhibiting crystal growth at that site (Tenovuo, 1997). Many
factors may affect the buffering capacity of saliva, and these include time of day,

diet, hormonal effects and smoking (Hays et al., 1992).

Unstimulated resting saliva is slightly acidic but, with stimulation and an increase in
flow rate, the pH rises (Dawes, 1996). When acidic food enters the mouth, it
stimulates a rapid flow of alkaline saliva (Jenkins, 1966). This stimulated saliva has
a higher concentration of bicarbonate and so has increased buffering capacity
(Dawes, 1970). Salivary flow rate may also be altered by many exogenous factors,
including drugs such as antidepressants and diuretics, special diets (Bevenius,
L’Estrange & Angmar-Mansson, 1988), impaired salivary gland function, strenuous
exercise, diseases such as diabetes or arthritis (Sorvari & Rytomaa, 1991) and
Sjogren’s disease (Pullon & Miller, 1985). Each of these may be considered as
potential contributing factors to the development of erosion lesions (Bevenius,

L’Estrange & Angmar-Mansson, 1988). There is a clear relationship between
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reduced flow rate and a lowered ability to clear dietary acids from the mouth (Zero,
1996). However, Billings (1993) suggested that low flow rate alone would not affect
susceptibility to oral disease (and thus erosion) but should be considered in

combination with other factors.

1.4.2 Salivary analysis

Flow rate and buffering capacity have been studied in populations, without any
reference to dental erosion. Mazengo ef al. (1994) studied groups of rural and urban
people in Tanzania and found those living in rural areas to have higher salivary
buffering capacity. They concluded that this was due to a diet rich in grain fibre.
They also found no association between flow rate and buffering capacity. This was
in contrast to a study by Wikner & Soder (1994), who found a positive correlation
between secretion rate and buffering capacity. Those individuals with low flow rates
also had low buffering values, whilst those with high flow rates could have either
low or high buffering capacity. Sugar consumption between meals was thought to
play a significant role in the development of low buffering values. Saliva produced
at low flow rates has a lower bicarbonate level, and so a lower pH and hence lower

buffering capacity than that produced at higher flow rates (Zero, 1996).

Many individuals have investigated various salivary factors in an effort to determine
their individual or combined importance in the aetiology of dental erosion. Salivary
citrate levels were measured by Zipkin & McClure (1949) in an attempt to relate this
to enamel solubility. Mannerberg (1963) compared erosion subjects with those who
had no erosion and found the salivary mucin content to vary. Fluoride

concentrations in stimulated saliva were measured by West & Milosevic (1996), who
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found significantly higher concentrations of fluoride in the saliva of those with wear,
compared with controls. Tooth wear had progressed in these individuals despite this
higher fluoride concentration. Unstimulated salivary flow rate and buffering
capacity have been found to be directly associated with dental erosion. Jarvinen,
Rytomaa & Heinonen (1991) concluded that those with low unstimulated salivary
flow rates were at greater risk of developing erosion. There were similar findings by
Bevenius & L’Estrange (1990) and Woltgens et al. (1985), the latter also revealing
higher concentrations of calcium and phosphate in the saliva of erosion-susceptible
patients. Patients with gastrointestinal disorders were investigated by Jarvinen et al.
(1988) who found that some of those with erosion had lower stimulated salivary flow
rates. They concluded that unstimulated flow rates should also have been assessed,
as this is the rate at which saliva flows for most of the day. Other studies of patients
with GOR have also investigated salivary factors, with somewhat conflicting results.
Meurman et al. (1994) found higher numbers of patients with low stimulated salivary
buffering capacity among those with erosion than among those without, although this
was not statistically significant. However, a significant relationship was found by
Gudmundsson et al. (1995), in that those with erosion had low salivary buffering

capacity. No salivary abnormalities were detected by Schroeder ez al. (1995).

Salivary parameters have also been investigated in groups of bulimic patients. Some
studies have found no differences in salivary buffering capacity between patients
with eating disorders and controls (Milosevic & Slade, 1989), while others have
shown a relationship. Rytomaa et al. (1998) found that the number of subjects with
low unstimulated salivary flow rate was three times higher among bulimics than

among controls. A recent study by Milosevic & Dawson (1996) showed
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significantly lower stimulated salivary flow rates among bulimics compared with
healthy subjects. Lactovegetarians are another example of a group of people with
interesting dietary habits. A lactovegetarian diet contains a high proportion of coarse
fresh food, citrus fruits and acidic drinks (Linkosalo & Markannen, 1985). This
study showed not only a lower incidence of erosion in a control group, but also
significantly higher stimulated buffering capacity in controls compared with erosion
cases. Another investigation (Linkosalo, Syrjanen & Alakuijala, 1988) was carried
out to show that diet could in fact influence salivary composition. A third study
(Linkosalo, Halonen & Markkanen, 1988) suggested the protective role of salivary
amylase, but advised further investigation. Winetasters were the subject of a study
by Wiktorsson, Zimmerman & Angmar-Mansson (1997) and, as well as having a
higher occurrence of erosion, they also had low flow rates and buffering capacities

for both unstimulated and stimulated saliva.

Other investigators have included salivary analysis while examining their chosen
population. Tuominen & Tuominen (1991) took salivary samples during their study
of erosion in factory workers but failed to show any correlation between tooth tissue
loss and salivary parameters. Salivary buffering capacity was measured in 24
children with erosion, which revealed that 14 had low and 5 had medium buffering
capacity, indicating that tests on saliva may help to identify children at risk of dental
erosion (O’Sullivan & Curzon, 1995). A recent prevalence study of tooth wear in
adolescents (Bartlett ez al., 1998) included analysis of stimulated salivary flow rate
and buffering capacity and, although there was no evidence of a relationship between
tooth wear and salivary factors, a link between buffering capacity and symptoms of

GOR was identified. This perhaps indicates that, in trying to take many factors into
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account, investigators are recognising the complex, multifactorial aetiology of dental

erosion.

1.4.3 Salivary investigations

Various investigations have been carried out to study the effects of acidic drinks on
salivary pH. Tenovuo and Rekola (1977) found that after a 70 mL rinse for two
minutes, acidic drinks caused a drop in salivary pH. A cola drink caused a greater
drop than either orange juice or a carbonated orange drink. They believed this was
because cola drinks stimulated the salivary flow rate less than orange drinks, thus
resulting in a lower salivary buffering response. These results were in contrast to
Frostell (1970), who found that fruit juices caused a sharper fall in plaque pH than
other drinks, although recovery was also quicker. Imfeld & Muhlemann (1978) used
telemetry to monitor salivary pH changes and found that there was a drop following
intake of dietary acids. Large amounts of acids were neutralised slowly by salivary
buffers. However, Bibby (1983) proposed that acidic juices may stimulate a more
favourable salivary response than other food and drinks, so leading to more rapid
elimination. An increase in salivary flow rate after vitamin C consumption was

concluded to be due to direct acidic stimulation by Meurman & Murtomaa (1986).

Further studies by Imfeld (1983), using telemetry to measure intra-oral pH, showed
that acids had the immediate and marked effect of lowering the pH of oral fluid.
Drinking caused a less pronounced fall in pH than rinsing and allowed a quicker
recovery. Drinks with a high titratable acidity slowed pH recovery, so Imfeld
concluded that drinks with a high acid content reflected this by causing greater pH

changes in the mouth. This was in agreement with Jenkins (1981) who stated that
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the pH values of food and drink influence, not only the rapidity of pH drop, but also
the lower value reached. Salivary flow rate and buffering capacity are also
important, as smaller changes in pH occur during eating and drinking in those who
have high salivary buffering capacity (Grobler & van der Horst, 1982). However,
the buffering capacity of the drinks themselves should also be taken into account, as
drinks with a high buffering capacity will be less influenced by salivary buffering.

For example, it takes saliva longer to neutralise orange juice than a cola drink.

Changes in pH of the tongue surface were measured by Meurman ez al. (1987). After
rinsing with 100 mL of an acidic drink for 1 min, tongue pH dropped significantly
but returned to baseline within several minutes. Bashir and Lagerlof (1996)
investigated the effect of citric acid on salivary pH. After a S sec rinse with citric
acid, salivary samples were taken and pH measured. A significant drop in pH was
noted after 1 min but generally readings were back to baseline after S min, although
there were large individual variations. The investigators noted the influence of other
factors, such as degrees of saturation and clearance patterns. The pH at the tooth
surface was measured by Millward ez al. (1997), who used an electrode embedded in
a vinyl splint. One hundred mL of citric acid was drunk by glass, straw and feeder
cup, all of which caused a sharp fall in pH, which again recovered rapidly. This led
them to advocate continuous drinking rather than sipping (which could cause

repeated falls in pH).

1.4.4 Pellicle and plaque

Pellicle formation is the process involving adsorption of salivary glycoproteins, and

other proteins from bacteria and gingival crevicular fluid, onto the tooth surface
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(Edgar, 1992). The salivary mucins are mainly from the submandibular and
sublingual glands (Imfeld, 1996b). It has long been recognised that this organic layer
can protect the outer enamel surface from chemical insults (Jenkins, 1966) by acting
as a diffusion barrier and displaying ionic permeability (Zahradnik, Morena & Burke,
1976). Meurman & Frank (1991a) examined the influence of acquired pellicle on
enamel erosion in vitro. Bovine blocks were immersed in a cola beverage and then
examined using SEM. The pellicle was found to have a protective effect, even
although the pellicle did not cover the entire surface of the tooth. Various studies
have tried to take the effect of pellicle into account when studying erosion in vitro.
An investigation by Nieuw Amerongen, Oderkerk & Driessen (1987) indicated that
pellicle inhibited demineralisation by citric acid, but Rytomaa et al. (1988) failed to
show any protective mechanism. However, recent investigations (Balz & Hannig,
1997; Medrano et al.,, 1997) confirmed that pellicle seems to be an important factor
in protecting enamel against erosion, although this may depend on the length and
nature of the acid exposure (Tucker et al., 1996). In addition, a recent study showed
both qualitative and quantitative differences in pellicles produced by erosive and

non-erosive individuals (Bell, Creanor & Foye, 1998).

In an epidemiological study of four-year-old children from varying socio-economic
backgrounds, erosion was found to be less common in those of lower social class
(Millward, Shaw & Smith, 1994). It was concluded that poorer oral hygiene and the
protective effect of mature pellicle were responsible for this observation. Pellicle
acts as a substrate for colonisation by bacteria and hence the formation of plaque

(Edgar, 1992). It is recognised that plaque acts as an extremely good buffer (Jenkins,
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1966), confirming the clinical finding that erosion tends to occur in areas that are free

from dental plaque (McIntyre, 1992).

1.4.5 Salivary clearance

" A further factor that may also be involved in the development of dental erosion is the
complex manner in which substances are eliminated from the oral cavity. Work by
Weatherell ef al. (1986) on fluoride distribution following rinsing showed that
substances could spread very slowly around the oral cavity and that the movement
was influenced not only by salivary secretion and swallowing, but also by individual
variation. Similar studies using glucose as a marker (Weatherell ez al., 1989)
confirmed site-specific differential patterns in oral clearance. Salivary clearance in
children was examined by Watanabe (1992) and found to follow a similar pattern to
that of adults. Clearance rates also vary depending on the mode of drinking, with
drinks from a feeder cup taking longer to be eliminated than those taken from a glass
or through a straw (Smith & Shaw, 1993). Citric acid clearance was found to vary

between individuals by Bashir, Ekberg & Lagerlof (1995) and a further study (Bashir,

Gustavsson & Lagerlof, 1995) confirmed that citric acid concentrations were higher
on upper incisors than on lower incisors or sublingual sites. This pattern seemed to
explain the clinical distribution and high prevalence of enamel erosion on upper

incisors.

In conclusion, saliva has many functions in the oral cavity, summarised by Zero

(1996) as follows:
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e It dilutes and clears potentially erosive agents
o It neutralises and buffers dietary acids

e The calcium and phosphate in saliva maintain a supersaturated state next to the
tooth

o Salivary pellicle protects the tooth surface from demineralisation

e Saliva provides calcium, phosphate and fluoride for remineralisation

1.5 Treatment

The treatment of erosion lesions is complicated and, as is often the case, prevention

is better than cure.

1.5.1 Prevention

Once the main aetiological factor or factors have been identified, appropriate
preventive advice can be given. A thorough clinical history will elicit information
about the relevant factors (Lussi, 1996). Those patients with erosion from a dietary
source should be given counselling about reducing the frequency of the erosive
products, changing the method of consumption and avoiding erosive foods and
drinks between meals and before bedtime, when the salivary flow rate is virtually nil
(Bevenius, L’Estrange & Angmar-Mansson, 1988; Nunn, Shaw & Smith, 1996).
Where erosion is thought to be due to intrinsic acids, appropriate referral to a medical
practitioner is required (Shaw & Smith, 1994). Sodium bicarbonate (Bevenius,
L’Estrange & Angmar-Mansson, 1988) or magnesium hydroxide (Nunn, Shaw &
Smith, 1996) placed in an occlusal splint helps to neutralise the effects of gastric

acids. A recent study by Attin ef al. (1997) showed that, following an acidic
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challenge, further enamel was lost from toothbrush abrasion, with a significant
decrease in enamel hardness. Oral hygiene instruction should, therefore, include
advice that brushing be avoided immediately after erosive insults, to reduce enamel
loss through abrasion (Imfeld, 1996b). Likewise, acidic mouthwashes and abrasive
toothpastes should be avoided (Lussi, 1996). However, application of desensitising
toothpastes will help reduce sensitivity (Nunn, Shaw & Smith, 1996), while
bicarbonate-containing toothpastes buffer and neutralise acids taken into the mouth
(Imfeld, 1996b). Antacid tablets, used in the treatment of gastric reflux, are effective
buffers and have been shown to counteract the drop in oral pH following the
consumption of an acidic drink (Meurman et al., 1988). The use of chewing gum to
stimulate salivary flow, and hence neutralisation and remineralisation, may also be
beneficial and investigations into the addition of neutralising agents such as sodium

bicarbonate and urea are ongoing (Imfeld, 1996b).

1.5.2 Remineralisation

The remineralisation of carious lesions has been studied extensively, but less is
known in relation to the erosive process, where the term “repair” may actually be
more appropriate (Imfeld, 1996b). The consumption of products with high calcium
and phosphate content, such as milk and cheese, is thought to help counteract
erosion. An in situ study by Gedalia et al. (1991a) showed that enamel softened by a
cola beverage was rehardened when exposed to milk and saliva, and this was
presumed to be due to the deposition of organic and mineral material onto the enamel
surface. A similar study showed that hard cheese could reharden enamel surfaces
(Gedalia et al., 1991b). Although a reduction in porosity occurred, the enamel did

not return to its former morphological state. In this study, parafilm stimulated saliva
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did not cause significant rehardening, which may have been due to the lack of
repeated stimulation and the short time after which rehardening was measured.
Another study failed to show that saliva could reduce the depth of enamel erosion in
vitro (Rytomaa et al., 1988), even when fluoride was added to the saliva at a level
which had previously been shown to be effective in the remineralisation of caries (2
ppm). It was concluded that the role of fluoride in the prevention of demineralisation
and repair by remineralisation may not function as well as it does in the caries
process. However, a recent in situ study showed that fluoride and saliva reharden
enamel previously exposed to citric acid (Stosser & Nekrashevych, 1998). The
authors suggest that other protective agents such as calcium and phosphate should

also be used to enhance remineralisation.

Remineralising solutions used in caries research were tested with regard to erosion
lesions (Kelly & Smith, 1988) and found to have a small but statistically insignificant
effect at reducing the amount of erosion in vitro. The fact that there are fundamental
differences between the chemistry of erosion and caries may account for this finding.
An investigation into the effects of brushing acid-etched enamel with and without
dentifr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>