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ABSTRACT

Erosion affects both dentitions but has proved difficult to measure. It has been
thought to affect children who are less susceptible to caries but previous studies
have been confined to countries where caries prevalence is low.

The aims of this study were first, to develop and then investigate the validity of
an index to measure erosion in primary teeth. Secondly, to determine the
prevalence of erosion in primary incisors amongst kindergarten children in
Jeddah and its relationship to caries in the same children. Thirdly, to investigate
determinants of erosion and caries in the sample.

A sample of 41 exfoliated and extracted primary anterior teeth were scored
visually and photographically and scores related to appearance on section.
Erosion, caries and rampant caries were then measured in a sample of 987
children. The survey included a questionnaire to parents.

Scores used in the index through visual inspection and photographs were related
consistently to appearance of lost enamel on section. Sensitivity was 0.94 and
specificity was 1.0. Kappa values for repeat assessments all exceeded 0.77.

Thirty one percent of the children in the survey had evidence of erosion on
clinical examination. For 186 this was confined to enamel but for 123 it
involved dentine and/or pulp. Amongst the 727 who had readable photographs,
30% had erosion on photographic and 36% on clinical examination.
Agreement was seen between the two methods for 93% of the surfaces
included.

Caries affected 720 (73%) of the children and rampant caries 336 (34%). More
children with caries, (excluding rampant caries), had erosion (3 6%) than
children who were caries free (27%).
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Vitamin C supplements, frequent use of carbonated drinks and the consumption
of fruit syrup from a feeding bottle at bed/nap time as a baby were all related to
erosion. These drinks were also related to caries but were part of a larger number
of significant factors including socio-demographic measures and oral hygiene
practices.
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CHAPTER ONE
INTRODUCTION AND AIMS OF THE STUDY
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1.

INTRODUCTION

Dental caries and periodontal disease continue to play a dominant role in thinking and
practice in oral health throughout the world. Erosion, or pathological tooth tissue loss
occurring as a direct result of chemical action on the tooth surface, has emerged more
recently as a problem affecting children and adolescents. Erosion is caused by acids.
These may include gastric acid, resulting from regurgitation, or more often acid derived
from the diet. The type of acid, and the food or drink which contains it are believed to
be important in determining its effects. Subjects may also vary in their susceptibility to
erosion; saliva is believed to have an important influence on the occurrence and severity
of erosion.

Epidemiological measurement of erosion has relied heavily on subjective judgement of,
for example, relatively minor degrees of loss of enamel surface contour and
measurement has proved difficult in consequence. In addition, it has not always been
clear whether loss of enamel has been a result of erosion alone adding to the difficulty
in distinction. More than one index has been introduced, but none has proved wholly
satisfactory.

Investigations of erosion have been largely confined to European countries, where
caries has declined with time. From results it has been thought that erosion is more
common amongst those who are less susceptible to caries. There has however been
much less consideration of erosion in other countries and cultures, particularly
developing countries where caries may be more prevalent. In these countries dietary

17

patterns may be very different but consumption of acidic foods and drinks may be no
less.

Parts of the Middle East exemplify many developing countries in being rich in natural
resources but until relatively recently, lacking the technological and business
infrastructures that facilitate economic progress. The exploitation of oil fields in the
Middle East has resulted in many countries in the region undergoing a period of
extremely rapid modernisation. This is particularly true of countries of the Arabian
Gulf. Within a period of less than 100 years, the population of the region has changed
from one consisting largely of nomadic tribes to one living mainly in large cities and
townships. There have been major changes in socio-economic status, exemplified by
much greater personal affluence for much of the population (Saudi Arabia now has the
highest income per capita in the world), but living standards in some groups, such as
rural migrants, have remained low. The great resources of countries such as Saudi
Arabia have allowed extensive development of education and health care. Education is
now much more widely available to everyone. Studies have shown dramatic
improvements in health, with increased life expectancy and reduced infant mortality but
diseases characteristic of developed countries, such as cancer and coronary heart disease
are now increasing. Typically, child health and survival are now related to social
factors that include parental education and housing quality.

Little was known about oral health in Saudi Arabia prior to 1990 but more recent
studies have demonstrated that caries represents a particular problem amongst children
(Al-Shammery 1990, Al-Mohammedi 1995). A high prevalence of enamel opacities has
also been reported. The latter were thought to relate particularly to malnutrition during
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the period of tooth formation suggesting that nutritional status in at least some children
in the area still lags behind that seen in more fully developed countries.
The Kingdom of Saudi Arabia occupies the largest part of the Arabian Peninsula,
covering an area of 2,240,000 square kilometres (864,900 square miles). It has a
population of 18.8 million, 70% of whom are Saudi nationals. As in many developing
countries, a high proportion of the population are under 15 years of age. The country is
divided into a series of provinces or governorates, the largest of which are the Central,
Western and Eastern Provinces. Each has a capital and contains a number of towns and
villages. The largest city in the Western Province, Jeddah, lies on the Red Sea Coast and
has a population of approximately 2 million. The climate of Saudi Arabia includes a
very high day time temperature for many months of the year and scant, unreliable
rainfall. The Western coast, including Jeddah, is also oppressively humid.
Health Services in the Kingdom are provided through the Ministry of Health, through
other government organisations and through the private sector but although there is
greater provision in the cities, access to care is sometimes limited in other areas.
Traditional dietary habits and practices have continued but foods and drinks typical of
westernised diets are cheap and readily available, particularly in cities such as Jeddah,
so that children may well be at similar risk of both caries and erosion.
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2. AIMS OF THE STUDY

The aims of the present study are therefore:
1. Using a sample of primary teeth
a) to investigate the reproducibility of an index of erosion and
b) to relate findings on visual examination and using photographs, to appearance on
histological section of the teeth.

2. To use the index and methods tested in 1. above
a) to determine the prevalence of erosion in a sample of children attending
kindergarten schools in Jeddah, Saudi Arabia and
b) to relate the prevalence of erosion to that of caries and rampant caries in the
same sample of children.
The null hypothesis to be tested is that there is no relationship between caries and
erosion in this group of children.

3. Through a questionnaire, to the parents of children included in the sample used in 2
above, to investigate the following determinants and their relationship to erosion and
caries:
a) Social class and education of the child's mother.
b) Dietary practices including infant feeding habits, use of drinks in infant
feeding bottles, current dietary habits, use of iron and Vitamin C
supplements.
c) Oral hygiene practices in terms of age at starting tooth brushing, frequency
of brushing and supervision and help with brushing.
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The null hypothesis to be tested is, in the case of each group of factors, that the
factors are not related to erosion.
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CHAPTER TWO
LITERATURE REVIEW
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1.

Introduction

Erosion represents one of three mechanisms that may result in the type of irreversible
loss of dental hard tissue that has been defined more broadly as 'tooth wear'. The other
two are both physical and include contact between opposing and adjacent teeth during
function and parafunction and object to tooth contact. Some degree of wear is
physiological but may be regarded as pathological if the teeth become so worn that they
do not function effectively or if it seriously mars their appearance before loss through
other causes or the patient dies (Smith &Knight 1984 a).

Erosion has been defmed as a superficial loss of dental hard tissues by a chemical
process that does not involve bacteria (Pindborg 1970). It is not directly associated with
mechanical or traumatic factors or with dental caries but may be accelerated by the
effects of these.

Erosion therefore differs from attrition, which is defined as the physiologic wearing
away of a tooth as a result of tooth-to-tooth contact. A certain amount of attrition is
physiologic; however, it becomes pathological when it is excessively destructive.
It also differs from Abrasion, which is caused by an object-to-tooth contact such as the
effect of toothbrushes on exposed cervical dentine.
Localised loss of tooth tissue occurring as caries, which is believed to be chemical
attack mediated through bacterial action, is excluded by these definitions.
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1.1

Clinical Features of Erosion

Erosion may affect either primary or permanent teeth. It may demonstrate symptoms
and/or signs or may represent an incidental finding on examination. Diagnostic features
have most often been described in permanent teeth but many may also be seen in
primary teeth.
Erosion, attrition, and abrasion most often occur simultaneously, although one of the
three may be most prominent from time to time and from case to case. The signs of
erosion are readily overlooked, particularly in cases of attrition (Lewis & Smith 1973).

As early as 1947, tooth wear caused by acid solutions was described as being a more or
less common occurrence. Erosion in permanent teeth has since been consistently
reported as resulting in symptoms of hypersensitivity to thermal changes and
hygroscopic substances. Findings on examination include characteristic patterns of tooth
tissue loss and presence of restorations raised above surrounding tooth surfaces. The
dietary history offered has also been thought to be a clinical feature of erosion.

a)

Hypersensitivity to thermal changes and hygroscopic substances

Hypersensitivity to thermal changes and hygroscopic substances, which may be
persistent, has been described as characteristic of erosion. This may be a major
complaint and is often the patient's primary reason for seeking the help of the dentist
(Staflie & Lovestedt 1947, Smith &Knight 1984 a).
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b)

Pattern of tooth tissue loss

The pattern of loss of tooth tissue has been described as diagnostic of erosion. This
includes the pattern within the dentition and the nature of erosive lesions affecting a
given tooth or tooth surfaces.
Theoretically, erosion may affect any tooth or tooth surface but it does appear to show
distinct patterns. In the dentition as a whole, erosion may affect the maxillary arch to a
greater extent than the mandibular (Johnson & Sivers 1987). Maxillary anterior teeth
are more often affected but in severe cases mandibular posterior occiusal and lingual
surfaces may be involved. Erosion has been suggested as particularly affecting palatal
or lingual surfaces (Johnson & Sivers 1987). However, this may not always be the case.
It has been suggested that erosion arising from extrinsic causes usually affect the palatal
and/or buccal surfaces of upper anterior teeth. A somewhat different distribution of
erosion is believed to occur when the main aetiological factor is gastric reflux or
regurgitation. In these cases, the palatal aspects of the upper incisors and the occlusal
and buccal aspects of the lower posterior teeth are preferentially affected, a condition
called 'perimolysis' (Bartlett & Smith 1994). In cases resulting from voluntary and
prepared vomiting, the pattern of attack is thought to be a result of the tongue directing
gastric contents forward while the lateral spread of the tongue protects the lower teeth
(Helistrom 1977, Stege et al 1982, Bartlett & Smith 1994).

Mild erosion may be well localised but in severe cases, enamel loss may extend over the
whole surface (Eccles 1974). The early stages of erosion result in loss of normal enamel
surface contour, including loss of developmental ridges on the enamel, and a smooth
glazed enamel surfaces. The absence of stain and stain lines is thought to be

25

characteristic of active erosion and may produce an appearance of a recent dental
prophylaxis (Stafne & Lovestedt 1947).
As it continues, erosion results in enamel defects with rounded margins (Stafne &
Lovestedt 1947). The creation of concavities primarily in the cervical region of the
labial (or sometimes lingual surfaces), is thought to be characteristic. These have an
enamel surface whose breadth greatly exceeds their depth, and thus differ from cervical
lesions resulting from abrasion (Eccles 1974). The appearance of depressions on the
cusps of posterior teeth (cupping), and on the incisal edges of anterior teeth producing
either the same effect or a grooved appearance, is also thought to be typical of erosion.
The process may also result in notched cervical surfaces (Eccies 1974).

Increased translucency and chipping of the incisal edges is one of the features of
erosion. More severe erosion may be sufficient to prevent normal contacts between
incisal or occiusal contacts in any mandibular excursion (Smith &Knightl984 a).
Permanent incisor teeth may be reduced in length to the extent that length is out of
proportion to tooth width (Smith &Knight 1984 a).

Erosion is often confined to enamel but may be sufficiently severe to affect dentine on
buccal or lingual surfaces, secondary dentine or even result in pulp exposure. Severe
erosion may result in loss of pulp vitality (Smith & Knight 1984 a). Involved dentine
may show a polished surface although some teeth may have a dull, matted appearance.
This is believed to be associated with active erosion. A common finding, when the
erosion has affected the palatal surfaces of maxillary anterior teeth, is a central area of
exposed dentine surrounded by a border of unaffected enamel at the gingival margin
(Bishop 1997).
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c)

Restorations raised above the level of surrounding tooth tissue

The presence of restorations which project above the surfaces of the tooth has been
regarded as an important clinical feature of erosion (Staflie & Lovestedt 1947).
Amalgam fillings may also be unusually clean in appearance, presumably due to the
absence of normal corrosion products. This has been thought to be of particular
diagnostic value (Eccles 1974).

d)

History

A careful history is believed to aid in differentiating between attrition, abrasion, and
erosion with the history of those with erosion showing evidence of high dietary intake
of acidic foods or drinks for example, or of the likelihood of recurrent vomiting or
regurgitation (Smith &Knight 1984 b).
Sensitivity, 'cupping' and projection of restorations above the adjacent tooth surfaces
are thought to be the most characteristic clinical features of erosion.
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1.2

Differential Diagnosis of Erosive Lesions

Because tooth wear may be a consequence of a combination of erosion, attrition and
abrasion, it is not always possible to distinguish the three, particularly in their early
stages. There, are, nevertheless, some points of distinction and it has been suggested
that the three conditions may be differentiated not only by the history, but also by the
clinical appearance (site and shape of lesions), age and the sex of affected subjects.
Whilst erosion may primarily affect palatal or labial surfaces of upper anterior teeth,
attrition occurs more often on incisal, occiusal and lingual surfaces of upper anterior
and/or labial surfaces of lower anterior teeth as a result of tooth-to-tooth contact.
Tongue grooving and scarring of buccal mucosa have also been described as concurrent
features in attrition in older subjects with long standing wear.

The first clinical manifestation of attrition may be the appearance of a small polished
facet on a cusp tip or ridge or a slight flattening of an incisal edge with the lesion
determined by the contact and movement of the opposing tooth. Tooth surfaces worn by
attrition are hard, smooth and shiny, and if dentine is exposed, a yellowish-brown
discoloration is often present. As a result of secondary dentine formation this gradual
loss of enamel and dentine does not usually result in tooth sensitivity. As wear
progresses there is a reduction of cuspal height and inclination. In attrition wear usually
occurs in a generalised fashion. The exposed dentine ultimately wears at the same rate
as the surrounding enamel (Johnson & Sivers 1987, Bishop 1997).

Abrasion is most often a result of incorrect tooth brushing techniques. It may also result
in trauma to the soft tissues and lead to gingival recession with root surface exposure.
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Abrasion through inappropriate brushing results in wedged-shaped cervical defects with
sharp margins and a hard smooth surface. They are most often described in the
permanent dentition on the buccal (or labial) and cervical aspects of the teeth (Asher &
Read 1987), and are likely to be more severe on one side than on the other (Nunn et al
1996).

In relation to age, attrition has been reported in older people, erosion more often
affecting younger individuals, while abrasion may occur at any age. With respect to
gender, attrition and abrasion tend to be more prevalent in males, whilst erosion tends to
be slightly more common in females (Rugg Gunn 1993).

2. Pathogenesis and Aetiology of Erosion
2.1 Pathogenesis of Erosion
Tooth wear is rarely caused by a single factor acting alone. Pathogenesis may therefore
not always be distinct. It has, for example, been shown that dental hard tissue softened
by erosion is more susceptible to attrition (Sorvari Ct a! 1996).
Perhaps partly because it does not occur in isolation from other processes, the
pathogenesis of dental erosion is not yet completely understood. The condition is
essentially a consequence of acidic solutions coming into contact with the teeth, with
one of the main modifying factors being the flow of saliva. Because the critical pH for
demineralisation of dental enamel is approximately 5.5, any solution with a lower pH
value has potential to cause erosion, particularly if the contact is of long duration, and/or
is repeated over time. Whatever the cause (intrinsic or extrinsic acid), the gross
pathology includes superficial demineralisation of dental hard tissue, primarily by
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dissolution of the apatite crystal. This may lead to severe or total destruction of the
teeth, depending on the strength of the agent, in terms of low pH, the level of calcium,
and phosphorus present in the surrounding medium, its chelating (Ca binding)
properties, and the frequency of erosive attacks (Meurrnan & ten Cate 1996).

2.1.1 Erosion of enamel

Ultrastructural in vitro studies have shown that erosive lesions are seen in prismatic
enamel as characteristic demineralisation patterns where either the prism cores or
interprismatic areas dissolve, leading to a honeycomb structure. The lesion first
develops in the prism sheath areas, followed by dissolution of prism cores with more
prolonged acidic challenge (Meurman & Frank 199 la,b). Eventually, the interprismatic
areas also become affected. Depending on the chemical composition of the outer enamel
layer (in particular the fluoride content), erosive patterns vary in a similar way as
reported for acid etching of enamel (Silverstone et al 1975). In vitro, the lower the pH
the more erosive is the solution, but titratable acidity and chelating properties may also
greatly modify the rate of erosion (Rytomaa et al 1988).
In aprismatic enamel the pattern of dissolution is more irregular, and this type of
structure is probably less liable to erosive destruction than prismatic enamel. In a study
of this phenomenon, the authors observed areas of distinctly eroded enamel adjacent to
less affected areas when specimens with aprismatic enamel were subjected to
experimental erosion (Meurman & Frank 1991a).
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2.1.2 Erosion in primary teeth

Primary teeth, which have aprismatic enamel at their surface, and a chemical
composition differing somewhat from that of permanent teeth, may be anticipated to be
more resistant to erosion. Nevertheless this pathology has been shown to affect both
dentitions (Smith and Shaw 1987, Asher and Read 1987).
In one recent study of extracted teeth, primary teeth were used to emphasise the
occurrence of this pathology in younger children. Morphological analysis of affected
enamel was carried out using stereomicroscopy and scanning electron microscopy
(SEM), after experimental exposure to drinks of low pH for different time periods.
Stereomicroscopy showed loss of gloss and an alteration in normal colour of enamel,
with irregular loss of dental hard tissue to variable degrees. Such a loss became more
serious as the time of incubation increased. Different degrees of solubilization of
enamel prisms were demonstrated by SEM, affecting initially the sheaths and the heads
of prisms and later their tails. Areas of erosion increased directly in proportion to time
of incubation (Grando Ct al 1996).

2.1.3 Erosion in dentine

Experimental erosion in dentine caused by different acidic solutions has been
investigated with scanning electron microscopy (SEM). In dentine the first area to be
affected is the peritubular dentine. With lesion progression, the dentinal tubules become
enlarged but finally disruption is seen also in the intertubular areas, resulting in rough
and porous surfaces. If the erosion process is rapid, increased sensitivity of the teeth
may be a presenting symptom, because the acid causing erosion can expose inner
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dentine structures to outer stimuli by significant enlargement of the dentinal tubules.
However, in cases with slower progression, the patient may remain without symptoms
even though the whole dentition may become severely damaged (Meurman et al 1991).
It must be emphasised that in the majority of experimental studies, no protective factors
(such as saliva or fluoride) had been taken into account.

2.2 Aetiology of Dental Erosion

Erosion has been regarded as multifactorial in aetiology. Both intrinsic and extrinsic
sources of acid are potentially able to contribute to loss of tooth tissue. Whilst the acid
represents the cause of erosion, the process may be affected by other determinants such
as lifestyle and oral hygiene practices. Extrinsic erosion is the result of exogenous acids
derived from the diet for example. Intrinsic erosion is the result of endogenous acid,
usually gastric acid, contacting the teeth during recurrent vomiting, regurgitation or
gastric reflux. Idiopathic erosion is the result of acids of unknown origin. In addition to
direct causation, people also vary greatly in their susceptibility to apparently similar
challenges. This may relate to such factors as differences in tooth structure or in salivary
protection factors.
In young people as in adult subjects erosion has been related to both extrinsic factors,
especially dietary, and intrinsic factors including gastric regurgitation and
parafunctional activity.

32

2.2.1 Extrinsic Factors

There are many possible extrinsic sources of acids that may contribute to dental erosion.
These may be considered as environmental, or dietary in origin or may be in the form of
supplements or medications. It is unlikely that any one aetiological factor operates in
total isolation from all others. Tooth wear, of which erosion forms a part, is a
cumulative lifetime process, which is to a large extent irreversible.

I)

Environmental Factors

Dietary factors constitute much the largest direct environmental effect on erosion but
others include occupational and recreational exposure to acids.
Industrial environmental effects have been shown to be the primary aetiological factor
in several clinical surveys in Scandinavia (Tuominen & Tuominen 1991 ,Tuominen &
Tuominen 1992, Peterson & Gormsen 1991).
Occupational environmental factors are mainly limited to those directly exposed to acid
fumes or aerosols. In the past dynamite factory workers were recognized to be at
especially high risk (Miller 1907). Others at risk include battery factory workers,
galvanizing factory workers, those exposed to etching and cleaning processes involving
acids, and fertilizer factory workers. Laboratory workers, and professional wine tasters
may also be at risk. Although most industries in developed countries now follow
safeguards to protect workers, environmental and occupational hazards may be an
emerging problem in developing countries.

33

Recreational exposure has been seen in competitive swimmers as a consequence of
swimming in inadequately treated gas-chlorinated pools. This chlorination method
results in formation of hydrochloric acid and neutralization and buffering is needed to
maintain the neutral pH range of 7.2 - 8.0. Water treated in this way requires
monitoring to ensure treatment is adequate (Savad 1982, Centerwall et a! 1986).
With the exception of frequent use of chlorinated swimming pools, most environmental
and occupational hazards are not thought to affect children.

II)

Dietary Factors

Dietary factors have received the most attention and are thought likely to affect the
broadest segment of the population. Their role has been recognized for many years and
they are probably the most important cause of dental erosion (Holloway et a! 1958,
Rugg-Gunn 1986).
Most low pH foods and drinks are believed to have the potential to cause dental erosion
in the human mouth. It appears that, as a rule, foods and drinks with a pH above 4.5
have a low potential to cause dental erosion. The total acid level (titratable acid) of
acidic dietary substances is considered more important than their pH, because it will
determine the actual H available to interact with the tooth surface. Those containing
acids with calcium-chelating properties, such as citrate, may carry added potential to
cause tooth damage at higher pH levels, although it is unclear whether these
mechanisms are operational in the mouth (Zero 1996). Citric acid was found to be one
of the stronger organic acids and forms soluble, poorly ionized complexes with calcium
(Zero 1996).

34

As well as acidity other constituents of food and beverages will also have a modifying
effect, including the calcium, phosphate and fluoride concentration, the acid type, and
physical and chemical properties that may affect the clearance rate from the mouth. It is
not yet possible to assign relative degrees of risk to different dietary substances except
in general categories, because of the many human, biological and behavioural
modifying factors. For example some beverages, such as soft drinks, may present a
higher degree of risk of causing erosion than can be estimated from their chemical
properties alone, because of their pattern of frequent consumption.
Some of the most common dietary causes of dental erosion are listed in Table 2.1,
modified from a previous review by Rugg-Gunn (1993).

Table 2.1 Common dietary causes of dental erosion
(modified from Rugg-Gunn 1993)
Fruit-flavoured infant drinks
Liquid oral medicines and supplements, especially iron tonics
Vitamin C supplements as liquids and soluble tablets
Soluble Aspirin tablets
Carbonated drinks including low calorie varieties, sparkling water and
'sports' drinks
Fruit juices
Citrus fruits (e.g lemons, orange, grapefruits)
Other fruit (eg apples)
Acid sweets (eg acid drops, mints, sour balls)
Seasonings and condiments (eg Vinegar, Pickles, pickled onions)
Yoghurt

Amongst dietary items, acidic drinks, thought to be a major cause of erosion, are
available to all age groups of children. Fruit juices for example are widely consumed by
infants and many have been shown to have pH values well below the critical pH for the
dissolution of enamel (Smith & Shaw 1987). Drinks of this type may be given to infants
in feeding bottles. The highly acidic nature and high sugar content of the drink together
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with the prolonged exposure of the teeth may constitute a risk for erosive tooth tissue
loss as well as dental caries. The introduction of cola-type drinks, which first became
popular at the time of the Second World War, and greater canning of fruit juices and
fruit based drinks may have contributed to the very great rise in consumption of soft
drinks. These drinks are believed to pose a considerable risk of erosion (Rugg-Gunn
1986).
A list of potentially erosive drinks, their pH and titratable acidity is given in Table 2.2
(Shaw 1998).

Table 2.2 Erosive potential of drinks compared to their pH and titratable
acidity (Shaw 1998)
Relative
pH
Erosive potential
Drink
________________________ titratable_acidity ________ _________________
Medium
Cola
0.7
2.5
Schweppes
2.6
2.6
Medium
Diet Cola
2.9
Medium
0.5
2.9
Medium
2.0
Carbonated orange drink
Grapefruit juice
9.3
3.2
High
Apple juice
4.5
3.3
High
Medium
Red wine, Claret
3.3
3.4
2.2
Medium
White wine-Chardonnay
3.7
4.8
High
Orange juice
3.8
3.9
Low
Beer-Bitter
0.6
4.4
Low
Beer-large
0.5
Low
Sparkling water
0.1
5.3
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The evidence linking acidic foods and drinks with erosion has been drawn from clinical
studies, animal studies, and in vitro investigations.

A)

Clinical Studies Implicating Dietary Factors in Erosion

Clinical studies providing evidence of the role of dietary factors in erosion may be
considered as falling under three headings:
1. Case Reports
2.

Epidemiological Studies

3.

Interventional Studies

1.

Case Reports

Much of the clinical evidence linking specific dietary factors to dental erosion has
appeared in the form of anecdotal case reports or reviews of a series of cases.
In adults reports have described cases of erosion involving citrus fruits in a variety of
differing forms, either drinking lemon juice, eating or sucking lemons or eating
grapefruits. The site of erosion has varied according to the way in which the fruit or
fruit juice was taken, such as relating the erosion of the labial surfaces of maxillary
incisor to sucking of fresh lime or lemon halves (Allan 1967, Fuller & Johnsonl977,
Reuter 1978).
In case reports, erosion has also been linked to cola drinks, to lemon tea drink at night,
and to high fruit intake (Lewis & Smith 1973, Eccles & Jenkins 1974).
In children also excessive consumption of fruit flavoured drinks (large quantity of low
pH soft drinks) was reported to have caused dental erosion in a review of 12 cases of 9-
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15 years old children attending the Manchester dental hospital. The children had all
drunk between one and three 725 ml bottles of the same brand of fruit flavoured drink
per week and never drank coffee, tea, milk, or water. In all cases the palatal surface of
maxillary incisors were the most commonly affected, followed by the occiusal surfaces
of the mandibular molars (Asher & Read 1987).
Fruit juices intended for consumption by infants (termed pure fruit juices for babies),
are primarily concentrated fruit juices with added vitamin C. In a case report of
extensive erosion in a 2 year old girl, investigation into her dietary habits revealed
prolonged use of baby fruit juice at night time in a feeding bottle used as a comforter
(Smith & Shaw 1987).
Not all case reports have confirmed the role of dietary factors in every instance of
erosion. In a review of cases of erosion attending Cardiff dental hospital it was reported
that only 7 of 19 cases included gave a history of possible dietary factors (such as colatype drinks, fruit drinks, fruits, and vinegar on food). Seven had a history of
regurgitation or heartburn but in 5 cases no causes could be identified (Eccles 1982).

2.

Epidemiological Studies

Epidemiological observational studies have also provided information on the
relationship between diet and dental erosion. Fifty years ago, a marked increase in the
consumption of lemon juice was reported to have caused an increase in the destruction
of teeth. However, it was reported that whilst some individuals drinking lemon juice
daily for therapeutic reasons showed a marked degree of erosion after only 3 months of
use, others showed less erosion after more than a year of use (Stafne & Lovestedt
1947).
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In more recent studies associations have been found between erosion and consuming
citrus fruits more than twice per day (Linkosalo & Markkanen 1985, Jarvinen et a!
1991, Lussi et al 1991), fruit juices (Lussi et a! 1991), consuming vinegar & vinegar
conserves (Linkosalo & Markkanen 1985, Jarvinen et a! 1991), and acidic berries
(Linkosalo & Markkanen 1985). Having soft drinks daily and sports drinks once a week
or more have also been associated with dental erosion (Jarvinen et al 1991).
All of these studies were confined to adults, but a more recent investigation was carried
out in a group of 4 -16 years old children attending a university dental hospital. Eighty
per cent showed evidence of erosion although this was mostly in the mild category. An
increase in the mean frequency of consumption of fruit drinks, carbonated beverages
and fruit juices was associated with an increase in severity and bedtime consumption of
fruit juices was especially strongly associated with the most severe cases (Miliward Ct a!
1994 b).

3.

Interventional Studies

There have been two clinical trials involving erosion. In the first, the effect of daily
ingestion of different amount of acidic beverages on the maxillary anterior teeth of a
group of dental students and hygiene students was tested. The first appearance of
alteration of the enamel surface occurred between the 4th and the 6th week of the study
(Thomas, 1957).
In the second study, a group of 6-7 year old children drank 1 OOml of orange beverage
(pH=3.5) on school days daily for 12-18 months. Their exfoliated primary teeth were
compared with teeth from children who did not receive any beverage at school, and
showed slight signs of demineralization (Stabholz et al 1983).
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These studies might now be regarded as unethical in actively promoting consumption
of potentially harmful agents in human subjects.

Other studies have attempted to evaluate the erosive potential of beverages by less
direct methods. Methods employed have included use of an in situ model to study not
only the erosive effect of an acidic carbonated beverage but also the reparative effect of
saliva and dairy products in the human mouth (Gedalia et al 1991 a & b, West et al
1998). A one hour exposure to an acidic beverage caused softening in the enamel
surface of tooth sections. In contrast, a one hour exposure to cow's milk and a 5 minutes
chewing period with cheddar cheese both resulted in statistically significant increases in
surface hardness of acid softened enamel. A one hour exposure to saliva in the mouth
also significantly rehardened the acid-softened enamel, presumably through rehardening
as a result of organic and mineral material being deposited on the enamel surface.
Exposure to stimulated saliva for a much more limited period of 5 minutes did not have
the same effect (Gedalia et al 1991 a & b).

B)

Animal Studies

Animal models, particularly rats, have been widely used to evaluate the erosive effect of
dietary items, but only general conclusions can be derived from these because of the
difference in oral physiology between rats and humans.
Ingestion of dilute solutions of hydrochloric and lactic acids was found to be very
destructive to enamel and dentine of rats (McClure 1943).
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The erosive potential of soft drinks, including fruit squashes and cordials, 'sport drinks'
and carbonated beverages sold in the United Kingdom, have also been demonstrated in
several animal studies over the last 40 years (Holloway et al 1958, Stephan, 1966,
Sorvari, 1989).
Foods such as apples, orange slices, lemon slices, grapes and dried apricots have also
been shown to produce dental erosion in experimental animals (Stephanl966).
Both the titratable acidity of the beverage and saliva buffering capacity have been
demonstrated to be important factors in dental erosion through animal models
(Holloway et al 1958). The addition of fluoride to erosive solutions has also been shown
to have a protective effect (Sorvari 1989).
In several of these studies a marked variation was noted in the degree and pattern of
dental erosion among rats receiving the same treatment, which was attributed to
differences in susceptibility to erosion.

C)

In Vitro Investigations

In vitro studies of dental erosive properties of acidic foods and drinks have a long
history and have again become popular (Miller 1907, West & Judy 1938, Imfeld 1983,
Rytomaa et al 1988, Duggal & Curzon 1989, Lussi et al 1993, Grobler et al 1994).
Studies have included simple investigations, such as one in which a tooth was placed in
grape juice for a 4 week period (Miller 1907), studies using bovine enamel (Rytomaa et
al 1988) and intra-oral telemetry systems (Imfeld 1983).
Investigations have shown the erosive potential of cola and fruit drinks, of sports drinks
and of carbonated drinks (Miller 1907, West & Judy 1938, Imfeld 1983, Rytomaa et al
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1988, Duggal & Curzon 1989, Meurman et a! 1990, Meurman and Frank 1991 a, Lussi
et al 1993, Grobler et al 1994).
As with animal studies, only general conclusions can be reached from these studies
since laboratory conditions are not the same as those, which occur in the mouth.
Amongst the studies the source of hard tissue substance was different, and there were
also differences in the method of preparation of the substrate as well as in the methods
of evaluating dental erosion.
Taken together, it may be concluded that the evidence of differing types of study has
been consistent in demonstrating erosive potential amongst some dietary items. In
many cases studies have been focused particularly on fruit juices and fruit based drinks,
carbonated and sports drinks and foods with low pH, especially fruits. Present data does
not yet allow ranking of different acids with regard to their erosive potential.

ifi) Dietary Supplements. Medications and Oral Hygiene Products

As well as dietary items, low pH dietary supplements, medications and oral hygiene
products may carry the potential to cause dental erosion. Dietary supplements
implicated in erosion include iron and Vitamin C (ascorbic acid) supplements. There
have been reports of erosion being related to a number of medicines of low pH
including aspirin, hydrochloric acid, and some drug treatments for asthma. Amongst
oral hygiene products, an anti-calculus mouthrinse containing ethylenediaminetetraacetic acid (EDTA) has been found to have a marked enamel erosive effect.
Questions have also been raised about the erosive potential of saliva substitutes with a
low pH, and about products intended to stimulate saliva flow which contain citric or
malic acid (Rytomaa et al 1989).
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As with the diet, the manner and frequency of use of medicines of low pH are likely to
be of overriding importance. Most medications are used at intervals and only for short
periods, reducing their erosive effect but this is not always true. In the case of
achiorhydria for example patients may need to take dilute hydrochloric acid several
times a day for extended periods (Stafne & Lovestedt 1947, Smith 1989). A particular
risk may occur when drugs or acidic agents designed to stimulate saliva production are
given to those with reduced salivary flow (James & Parfitt 1953, Giunta 1983, Sullivan
& Kramer 1983).
Patients with asthma may also be at particularly high risk of erosion. The prevalence of
asthma in children is high and prophylactic and symptomatic drug treatments are
common (O'Sullivan & Curzon 1998). Not only is there a risk to patients posed by
frequent use of oral drugs of low pH, but an additional risk may arise from gastrooesophageal reflux. An increased incidence of gastro-oesophageal reflux has been
reported in subjects with asthma (O'Sullivan & Curzon 1998).

2.2.2

Intrinsic Factors

Dental erosion is caused not only by exogenic acids but also by the effect of gastric
acids or acidic gastric contents reaching the oral cavity and the teeth as a result of
vomiting, regurgitation, gastro-esophageal reflux or rumination.
The pH value of gastric acid is 1-1.5, well below the 5.5 level critical for the dissolving
of dental enamel and the risk of erosion has, for example, been reported to be 18 times
higher in patients with chronic vomiting compared with non-vomiting patients.
Frequency of the occurrence is important, vomiting once a week or more was associated
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with an erosion risk 31 times greater than that in patients who vomited less frequently
than once a week (Jarvinen et al 1991).
Causes of repeated vomiting or gastric regurgitation are listed in Table 2.3. In the
majority of cases, regurgitation is involuntary but in some eating disorders and in
rumination it may be regarded as voluntary.

Table 2.3 General causes of regurgitation

1. Upper Gastrointestinal disorders
hiatus hernia
gastroesophageal reflux and cerebral palsy
esophageal diverticulosis
duodenal ulcers
2. Metabolic and endocrine disorders
e.g diabetes mellitus
3. Drug therapy; indirect side-effect of drugs (e.g cytotoxic drugs)
4. Radiotherapy
5. Alcoholism
6. Eating disorders
Anorexia nervosa
Bulimia
Stress-induced
Rumination

All disorders associated with vomiting, regurgitation or gastro-esophageal reflux and
rumination may result in erosion of the dental hard tissues from the effect of gastric acid
on the teeth but clinical manifestations do not usually occur until gastric acid has acted
on the dental hard tissues regularly several times a week for a period of at least 1-2 year
(Stathe & Lovestedt 1947, Helistorm 1977, Bartlett & Smith 1994). It is believed that
saliva, depending on its flow rate and buffer capacity may act as a mitigating factor in
the aetiology of dental erosion even in these cases of severe challenge.
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Erosion and gastric regurgitation in children
At one time it was thought that erosion due to reflux activity was very rare in children.
The common conditions that cause reflux in adults are sickness in pregnancy, chronic
indigestion and 'heart burn', hiatus hernia and chronic alcoholism, are rare conditions in
children (Shaw & Smith 1994).
However, long-term regurgitation in young patients has more recently been associated
with a variety of underlying problems. It has been suggested that the prevalence of
regurgitation in childhood is increasing but it may be that it is simply being recognised
and diagnosed more frequently (Shaw & Smith 1994). Causes have been reviewed and
a list of conditions modified from the review is reproduced below (Table 2.4).

Table 2.4 Conditions in children associated with chronic regurgitation
(modified from Kilpatrick and Welbury 1997)
Gastro-oesophageal reflux including gastro-oesophageal reflux disease (GORD)
Oesophageal stricture
Chronic respiratory disease e.g asthma, recurrent obstructive bronchitis,
recurrent pneumonia
Disease of the liver/pancreas/b iliary tree
Over-feeding
Feeding problems! failure to thrive conditions
Children with mental handicap
Reye's syndrome
Rumination

In children intrinsic causes may arise particularly during infancy. Erosion in cases of
cerebral palsy and as a result of eating disorders have also received particular attention.
Regurgitation in early infancy is common but does not usually persist. Long-term
regurgitation is associated with: learning difficulties, failure to thrive, feeding problems,
oesophagitis, anaemia, stricture formation, or recurrent pneumonia secondary to
aspiration.
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Early recognition of these disorders is of paramount importance so that related
problems, including dental erosion, can be prevented (Shaw & Smith 1994).
The association between learning difficulties (mental handicap) and gastro-oesophageal
reflux was first made in 1957. There is now some evidence to link cerebral palsy with
reflux activity. The cause of regurgitation in affected people is unknown. Several
possible contributory factors have been reported, such as: incoordination of swallowing,
kyphoscoliosis, prolonged recumbence, and the presence of extension spasms, all of
which may be present in people with cerebral palsy. Very severe tooth wear is often
seen and is believed to occur through a combination of erosion and attrition due to
bruxism.
Erosion has come to be recognised as a characteristic feature of eating disorders. Three
types of eating disorders may be seen in children and young people, bulimia nervosa,
anorexia nervosa, and more rarely rumination. Awareness and reporting of eating
disorders has increased and estimates suggest that their prevalence is rising. Bulimia
nervosa is thought to affect between 1 and 4% of white females between 18 and 30
years in Western industrialised countries. Anorexia is less common than bulimia,
affecting between 0.5 and 1% of white females of 11-18 years of age (Shaw & Smith
1994). The prevalence of eating disorders appears to be greater in certain groups such
as adolescent girls, ballet dancers, dieters and in Asian women. Subjects often attempt
to prevent their bulimic problem from being discovered and may not present with dental
problems specific to their bulimia until the problem has been present for years, although
signs may be obvious after 6 months (Abrams and Ruff 1986).
The diagnostic criteria for erosion resulting from eating disorders have been listed as:
• extensive erosion of the palatal aspects of the upper anterior teeth.
• moderate erosion of the buccal surfaces of the upper anterior teeth.
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the lingual surfaces of the lower anterior and posterior teeth are virtually unaffected
• erosion of the palatal aspect of the upper posterior teeth.
• variable erosion of the occiusal and buccal surfaces of the upper and lower posterior
teeth.
. restorations standing proud of the eroded surfaces.
. absence of staining on eroded surfaces (Robb Ct al 1995).
The erosive outcomes of these disorders have been described in the permanent dentition
but not in primary teeth, although eating disorders have been described in younger
children (Schulze et a! 1999).

2.2.3 Life Style and Behavioural Factors

Lifestyle may represent a determinant of erosion in the case of intrinsic and extrinsic
causes. In the case of extrinsic causes, lifestyle relates to the types of foods and
beverages consumed, the frequency and time of consumption. Oral hygiene practices
particularly tooth-brushing habits may also be important. The combination of frequent
consumption of acidic foods and drinks and overzealous oral hygiene practices may
particularly represent a high risk factor (Zero 1996). Similarly, inappropriate
toothbrushing may exacerbate the effects of gastric acid. This is thought to be an
important factor in determining the erosion occurring in patients with eating disorders.

• Dietary habits
Soft drink consumption has increased dramatically over the past 40 years to a 151 litres
per capita of the population in the United Kingdom in 1991. Adolescents account for up
to 65% of this value. Pure fruit juices contribute to the total but, increasingly,
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carbonated drinks make up a large part of the younger population's intake. These are
now widely available in vending machines located in schools, sport centres, and other
public areas. Excessive ingestion of acidic fruit juices or acidic beverages on a daily
basis has been linked to excessive dental erosion (Lewis & Smith 1973).
Unusual eating, drinking and swallowing habits, and parafunctional habits, especially
those which increase the direct contact time of acidic foods and beverages with the
teeth, are also factors that may also increase the risk of dental erosion (Lewis &
5mith1973, High 1977, Mackie & Hobson 1986, Asher & Read 1987, Harrison &
Roder 1991, Smith & Shaw 1987, Miliward et a! 1994 a).
Parafunctional habits causing dental erosion that have been reported in the past include
holding a carbonated drink in the mouth for some time (High 1977), swishing
concentrated orange cordial and carbonated cola beverage between the teeth before
swallowing or drinking through a straw or infant feeding cup placed against the labial
surface of maxillary anterior teeth (Mackie & Hobson 1986, Harrison & Roder 1991).
Drinks from a feeder cup or straw may not necessarily be erosive in themselves since
drinks from a glass take longer to clear from the mouth (Shaw and Smith 1994). It is
suggested that drinking acidic beverage through a straw place orally inside the mouth,
may reduce the erosive potential as it by passes the teeth (Nunn et al 1996).
Timing of drinks is important and the consumption of acidic beverages at bedtime has
also been implicated in erosion (Miliward et a! 1994 a).
It has been suggested that drinking behaviour may be related to socioeconomic status.
In one study of 4 years old children, those from a lower socioeconomic group had less
erosion than children from higher socioeconomic groups. However, the difference may
be as much related to variation in dietary patterns and/or oral hygiene practices as to
drinking habits (Miliward et al 1994 a).
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• Promotion of 'Healthier' ljfe style
Messages that are intended to promote "healthier" life styles may affect erosion
indirectly through their effects on diet, exercise and weight control. Current messages
for healthy diets encourage consumption of more fruits and vegetables. Healthier diets
may therefore include greater consumption of acidic foods. It is suggested that, carried
to excess, this has been associated with a higher prevalence of dental erosion (Linkosalo
& Markkanen 1985).
Individuals pursuing sporting activities may also be at higher risk of dental erosion
since they may be encouraged towards more frequent ingestion of acidic sports drinks
and other acidic beverages, which may not be necessary but are promoted through
advertising.
High consumption of citrus fruits and fruit juices may also be part of weight reduction
plans. Individuals with eating disorders, such as bulimia, may compound the effects of
gastric acid from regurgitation with the consumption of large quantities of citrus fruits
and juices or carbonated soft drinks.

•

Oral hygiene practice

Another aspect which may affect dental erosion, is cleaning the teeth. Tooth surfaces
that are accessible to natural cleansing forces and the action of a tooth brush are prone
to erosion, while the opposite of this is true for dental caries. Oral hygiene practices are
considered a contributing factor in tooth wear (Zero 1996). Thus the loss of tooth
substance after exposure to citrus fruit juice is accelerated by tooth brushing (Davis &
Winter 1980).
If demineralized tissue is brushed, even with a brush and water, abrasion may be
accelerated until the demineralized layers are removed. The effects of repeatedly
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consuming acidic foods and drinks followed by tooth brushing may be very important
as far as erosion is concerned (Shaw and Smith 1994).

2.3 Protective Factors Against Erosion

Factors which may act to protect against erosion or to mitigate against the effects of
acid include saliva and salivary pellicle and fluoride.

. Saliva and salivary pellicle
Saliva and salivary pellicle have potential to counteract acid attack and protect the
dentition against erosion and may do so through a variety of mechanisms. These
include:
- Increased salivary flow helping to dilute acids in the mouth, which also leads
to their rapid removal by swallowing.
- Salivary buffers partly neutralising the acids in the oral fluid.
- The calcium and phosphate levels in the saliva acting as common ions to the
minerals in enamel and dentine, resulting in a slower dissolution rate of
mineral.
- Salivary mineral ions may also reprecipitate during a remineralization of the
erosive lesions.
- Salivary mucins and other organic components forming a pellicle on the tooth
surface, which inhibits or slows down mineral loss during acid dissolution.
- Saliva production increasing by the acid induced stimulation of the salivary
glands (Meurman and ten Cate 1996).
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• Fluoride
The action of fluoride on resistance of enamel to dental erosion has been investigated in
several studies. It was found that, 50 ppm fluoride ions added to grapefruit juice
achieved a 60% reduction in tooth erosion in rats (Spencer & Ellis 1950), and as little as
2 ppm fluoride has been shown to produce some protection in these experimental
animals (Holloway et al 1958). In another in vitro study on enamel erosion, fluoride
when added to a citrus drink produced a 30% drop in caries in children. It was also
reported to affect erosion (Gedalia et al 1981). Topical treatment with concentrated
fluoride varnish was shown to inhibit softening of human molar enamel in vitro (Sorvari
et al 1994) and fluoride mouthwashes have been used empirically in the treatment of
dental erosion (Imfeld 1996).
In a recent study to investigate the effect of fluoridation during childhood in an
Australian population, it was found that fluoride exposure in the first 12 years of life
appears to confer some resistance to excessive tooth wear from acid erosion in
adulthood, as it does for resistance to demineralization by dental caries. However, other
factors, such as salivary protection of the teeth against acid attack, were thought to
influence the sites which are affected by erosion (Teo et al 1997).
Whether the mechanism of protection against acid demineralization is the presence of
fluoride ion in the apatite, or in the ambient plaque fluid or saliva, fluoride ion may well
confer protection at around the critical pH of 4.5 (Larsen 1973, Teo Ct al 1997).
However, consensus has not yet been achieved as to how effective fluorides are in
preventing the progression of erosive lesions. In addition it is not yet established how
chemical and structural components of tooth tissue in general might modify this
pathological process.
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2.4 Erosion and Dental Caries

The mechanism of the destructive pathology in erosion and caries is similar, namely
dissolution of apatite crystals, but it is reported that these two pathologies rarely occur
simultaneously (Meurman and ten Cate 1996). Erosion and caries differ in the nature of
the lesion, the sites most frequently affected and the involvement of plaque flora.
One of the characteristic features of an early carious lesion of enamel is that the lesion is
subsurface; that is, most of the mineral loss occurs beneath a relatively intact enamel
surface. This contrasts strongly with the histological appearance of enamel after a clean
tooth surface has been exposed to acid, where the surface is etched and there is no
subsurface lesion. Erosion, at least in experimental conditions, is therefore primarily a
surface phenomenon while caries begins as subsurface demineralisation of enamel
structure (Meurman and ten Cate 1996).

Caries occurs on plaque-covered sites. Although it may affect any tooth surface,
fissures, approximal surfaces and the cervical third of free smooth surfaces are affected
the most often. These represent sites where plaque may accumulate and remain
undisturbed over time. In contrast, erosion most often affects free smooth surfaces and
is often seen to involve incisal edges and cusps of occiusal surfaces.

Plaque acts as a partial barrier to acid diffusion to and from the enamel surface.
Although the volume and concentration of acids affecting the surfaces may be greater in
erosion, this may not be true on the very localised scale at which caries develops. The
presence of plaque may also result in acid being retained for longer than erosion, in
which teeth are effectively 'rinsed' by acids (Meurman and ten Cate 1996).
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Depending on the strength and frequency of erosive challenges, no plaque microorganisms can tolerate the very low pHs thought to act in erosion. Many acidic
foodstuffs and drinks have pH values below 3, and the pH of gastric contents is around
1-1.5. Even the most cariogenic mutans streptococci cease to metabolise at pH values
below 4.2 (Michalek and McGhee 1982). These factors have been used to explain why
erosion and caries are usually not seen on the same tooth surfaces. However many
dietary items with some erosive potential also carry a high cariogenic challenge.

In some cases, carious destruction of tooth tissue may be very rapid, effectively
masking the presence of erosion occurring at a slower rate in the same tooth. Similarly,
restorations may hide the presence of erosive lesions. The two pathologies may also not
always have been investigated together.
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3. Description and Measurement of Erosion

Measurement of erosion has proved difficult, particularly for purposes of epidemiology.
Erosion has been assessed in the simplest terms as a description of clinical findings.
Sometimes dietary and/or clinical histories have been added to aid differentiation.
However, more complex grading systems have also been described. These have
included scales of severity.
Perhaps because they cannot always be distinguished, there has not always been a
distinction drawn between abrasion, attrition and erosion. The more recently developed
indices of 'tooth wear' reflect this factor in that they do not attempt to separate the three
underlying mechanisms. As well as systems used for measurement at clinical
assessment, others have been designed for use in in-vitro studies.

3.1

Descriptive Systems

In at least five reports, assessment of erosion rested simply on clinical examination
(Watson & Tulloch 1985, White et al 1978, Andrews 1982, Johnson & Sivers 1987,
Mackie & Blinkhorn 1989). Although it is often difficult to determine the principal
aetiological factor related to tooth surface loss, it has been frequently suggested that a
detailed case history is important in assessing the nature and duration of the problem
(Watson & Tulloch 1985). Diagnosis has rested largely on history in other studies also
(White et al in 1978, Andrew 1982).
The clinical features of erosion, detailed by means of the appearance of tooth surface as
wear/erosion, but without scales of recording, was reviewed by Johnson & Sivers in
1987.
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In one study, plaster study casts were included in the investigation of erosion. A detailed
history was taken including a 3-day diet diary completed by the patient. Differential
diagnosis for trauma, abrasion, bruxism and erosion was made by making upper and
lower study casts so that the tissue loss could be examined more closely, leading to a
provisional diagnosis of dental erosion, but no attempt was made to define any
systematic grading system (Mackie & Blinkhom 1989).

3.2

Grading Systems

Of the grading systems introduced for scoring erosion, three were devised for
experimental work in animal models and four for use in epidemiological studies in
children.

4

Systems devised for animal models

One of the first grading systems for erosion was defined more than 50 years ago in an
animal model. The destruction of molar teeth was assessed in a study using rats
(Restarski et al 1945). The authors defined a series of 6 grades to evaluate loss of
enamel, these are summarised in Table 2.5.
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Table 2.5 A grading system to evaluate the destruction of each molar on
rats (Restarski, Gortner, McCay 1945)
Score

Criteria

O
No effect
1
High polish of enamel
2
Slight etching of lingual enamel
Mild destruction of lingual enamel, evidence of slight ridge
3
_______ formation at gingival margin
4
Moderate destruction of lingual enamel, ridging more definite,
_______ Some exposure of dentine
Severe destruction of lingual enamel, marked ridge at
5
_______ gingival margin, moderate exposure of dentine
Almost complete destruction of lingual enamel with definite
6
evidence of destruction on other surfaces, marked exposure of
_______ dentine with some destruction

Loss ranged from 0, where there is no effect, through slight etching of the enamel
(scored as 2) to almost complete destruction of lingual enamel with evidence of
destruction on other surfaces (scored as 6). Some of the criteria are similar to those
included in more recent studies.

A modification of this system was made by Hartles & Wagg in 1962 again for
evaluating erosion in rats using detailed 'subjective' and 'objective' methods. The
subjective method made use of low-power binocular microscope to classify damage to
the teeth as shown in Table 2.6.
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Table 2.6

Evaluating erosion in rats using detailed 'subjective' methods
(Hartles & Wagg 1962)

Score

Criteria

Normal tooth
0
1
Lingual enamel highly polished; slightly loss of contour of lingual
_______ cusps.
2
Slightly etching of lingual enamel at gingival margin of exposed
_______ crown; slightly rounding of occiusal edge of cusps.
Beginning of ridge or shelf at gingival margin on the lingual
3
________ enamel; mild destruction of lingual enamel.
4
Moderate destruction of lingual enamel with some exposure of
dentine producing a definite ridge; island of exposed dentine in
________ centre of cusps.
Severe destruction of lingual enamel with exposure of dentine from
5
the gingival margin to the occlusal surface; marked ridge at gingival
________ margin.
Complete destruction of lingual enamel of exposed crown to form a
6
continuous ridge at the gingival margin; some destruction of
_______ dentine.

In the objective method, in addition to examining erosion of the tooth surface, the
enamel thickness was measured. A method was given of mounting the first and second
molars and sectioning them with a diamond cutting-wheel, making a transverse cut
across the centre cusp of the first molar and the rear cusp of the second molar. After
staining to differentiate enamel from dentine, the buccal and lingual enamel thickness
were measured (Hartles &Wagg 1962).

The third grading system was a simplified grading of erosion in laboratory rats. Under
x20 magnification the lingual surfaces of each maxillary molar and the first mandibular
molar were separated mesiodistally into three regions. Surfaces of second and third
mandibular molars were divided into two zones. The 32 areas for each rat were
awarded values on the following scale shown in Table 2.7.
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Table 2.7 Simplified grading of erosion in laboratory rats

(McDonald & Stookey 1973)
Score

Criteria

0

No erosion

1

Slight erosion, limited to enamel

2

Spot erosion with exposed dentine

3

Lingual enamel gone (shelf formation)

4

Erosion extended onto the buccal surface

5

Massive erosion with reduction in cusp height and tooth volume

The mean value for each maxillary tooth added to that for each mandibular tooth gave
the total mean severity score per rat (McDonald & Stookey 1973).

J

Systems for use in epidemiological studies

At least four systems of grading have been introduced to measure erosion. The first of
these was developed in a survey on tooth erosion carried out by Eccies & Jenkins in
1974. The authors described the appearance and distribution of lesions and related these
to dietary factors. The survey included a clinical examination of the patient,
photographs and a questionnaire covering principally the pattern of diet and oral
hygiene. Teeth were graded according to the severity of loss using the scale shown in
Table 2.8.
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Table 2.8 A grading system according to the severity of the lesions

(Eccies & Jenkins 1974)
Score

Description

0

No involvement

1

Loss of surface features of the labial, lingual or occlusal enamel surfaces,
giving a smooth glazed appearance. The dentine is not involved.

2

Involvement of the dentine for less than 1/3 of the area of the tooth surface.

3

Involvement of the dentine for more than 1/3 of the area of the tooth
surface.

The second system was a modification of this classification of dental erosion and was
described 5 years later in 1979 (Eccles 1979). The scale used in this modified system is
reproduced in Table 2.9.

Table 2.9 Classification of dental erosion

(Eccles 1979)
Score

Description

Class 1

superficial lesion-involving enamel only

Class 2

Localised lesion-involving dentine for less than 1/3 of
the surface

Class 3

Generalized lesions-involving dentine for more than
1/3 of the surface
a)facial surfaces
b)lingual and palatal surfaces
c)incisal and occiusal surfaces
d)severe multisurface involvement
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A third grading assessment of severity of erosion devised for use in children was
devised more recently in a study of cases of dental erosion in children with
gastroesophageal reflux disease (Aine et al 1993). Cases were classified according to
their clinical appearance as shown in Table 2.10.

Table 2.10

Classification of primary and permanent teeth erosions caused by
gastroesophageal reflux disease (Aine, Baer, Maid 1993)

Grading of Erosion
0

Type of Erosion
No erosion

1

Mild opacities or white spots/etched appearances.

2

Occiusal surfaces filled with small holes (junched -outappearances) incisal edges thinned, flattening of cusps.

3

Dentine exposure at the bottom of the holes on occiusal
surfaces or dentine affected on other surfaces.

This grading for dental erosion was considered suitable for children with primary,
mixed, or permanent dentitions. Primary incisors characteristically showed white spots
or an etched appearance and the incisal edges of anterior teeth were thinned and
grooved. Chalky and opaque lesions were seen all over the primary teeth. However the
most typical changes were small holes or pits on the occlusal surfaces of primary
molars. In mild forms these were confined to enamel but in the more severe cases, the
cupping became extensive and a part or the whole of the occlusal surface could be
affected. It was characteristic that in primary dentitions the occlusal surface seemed to
show the most prominent changes with cupping or loss of structure, leaving areas with a
punched-out-appearance (Aine et al 1993). This grading is more difficult to use as it
includes looking at molar teeth in young children.
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The fourth method of grading erosion was that used in the National Survey of Child
Dental Health in 1993 (O'Brien 1994) and in the Nutritional Survey of 1 V2 to 4Y2 year
olds (Hinds & Gregory 1995). These studies involved examination of four teeth per
child for depth and area of erosion. They were both employed on large samples.
Buccal and lingual surfaces of the primary or permanent maxillary incisors
(BAIAB),(52,51,61,62) and (21112),(12,11,21,22) were assessed for loss of surface
enamel characteristic and/or exposure of dentine or pulp. Teeth were scored using the
criteria summarised in Table 2.11.

Table 2.11 Assessment of 4 teeth per child for depth and area of erosion
(O'Brien 1994)
Depth 0 Normal
1 Enamel only - loss of surface characterisation
2 Enamel and dentine - loss of enamel, exposing dentine
3 Enamel into pulp - loss of enamel and dentine resulting in pulp exposure
9 Assessment cannot be made
Area 0 Normal
1 <1/3 of surface involved
2 1/3 - 2/3 of surface involved
3 > 2/3 of surface involved
9 Assessment cannot be made

This index was a modification of Smith & Knight's index for tooth wear (see below),
but assessing the amount of tooth surface loss only from the palatal and buccal surfaces
of maxillary incisor teeth in the primary and permanent dentitions. Results from the
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calibration exercise conducted during the dentists' training for the survey showed
standard deviations of 0.39 to 2.04 about mean values of 0.53 - 2.64, indicating that
dentists found it difficult to agree in determining the presence of erosion. Erosion
confined to enamel may have been especially difficult. Erosion into dentine and the
dental pulp may be easier to identify. It's importance, in terms of treatment implication
may also be greater.

A year later examiners in the National Diet and Nutrition Survey of children aged 1 /2 to
4'/2 years used the same criteria. This survey had accompanied a large diet and nutrition
enquiry and included a total of 1522 children. However, although criteria were the
same, the training of dentists for the school and pre-school children's dental health
surveys differed, dentists working on the former attended a two-day residential course
while those on the latter attended only a one-day briefing and had been supplied with
less detailed written instructions.

3.3

Indices of Tooth Wear

Some studies have included measurement of all types of wear. In one of these an index
was devised to describe the degree of incisal and occiusal wear on a simple ordinal scale
from 0 to 3, representing wear as follow:
0 negligible or no wear
1 obvious wear of enamel or wear through the enamel to dentine in single spots
2 wear of dentine up to 1/3 of the crown height
3 wear of dentine more than 1/3 of the crown height and/or excessive wear of
tooth restorative material (Hugoson et al 1988).
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It has been suggested that this index lacks sensitivity because it is confined to such a
narrow range of scores (Donachie & Walls 1996). Other studies have used more
complicated systems.

Tooth wear as whole, with erosion as one component, was evaluated by Oilo et al in
1987 and again by Dahi et al in 1989, using an index based on an earlier system devised
by Ryge primarily for rating the quality of restorations. The system included a decision
on whether treatment is necessary. Two designations, (satisfactory) and (not acceptable)
were used and each was broken into categories that were rated on the basis of surface
and colour, anatomic form, and marginal integrity (Ryge & Snyder 1973).

From this Oilo et al in 1987 developed an index for estimating tooth wear that was
expanded to include three satisfactory categories and two unacceptable ones. These are
shown in Table 2.12.
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Table 2.12 Rating system for occiusal wear
(Oilo et al 1987)
Occiusal wear
Satisfactory
R Romeo
S Sierra

M Mike

no visible wear
occiusal or incisal wear facets in enamel
small area of exposed dentine without change of hardness or
sensitivity
obvious length reduction of tooth
large areas of exposed dentine discoloured but without change of
hardness or sensitivity

Not acceptable
T Tango
considerable length reduction of tooth
large areas of exposed dentine which is discoloured, soft and/or
sensitive
V Victor
marked length reduction of tooth
tooth structure and/or restorations fractured due to excessive wear
softening of exposed dentine
pulp exposure from wear
pain on chewing
irritation of iniva and/or oral mucous membranes

The system was applicable both to restorations and to tooth tissues. In a later
modification of the same system, the 3 categories of wear described as satisfactory (R, S
and M) and the 2 categories of degree of wear were deemed unacceptable (T and V)
were retained but to overcome the problem of grading the wear of restorations, two
extra subcategories of group M were introduced in addition to those described
previously. The new ones were: large wear facets in restorative material (MWR) and
perforation of crown with hard, non-sensitive dentine exposed (MED-P). This system
was again applicable to any tooth surface or restoration (Dahl et al 1989).

3.3.1 Tooth Wear Index (TWI)

The tooth wear index (TWI), which was first described in 1984, attempted to provide a
solution to some of the problems of measuring the wear of teeth at the level of the
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individual as well as that of the community. In this method, all surfaces of all teeth are
examined, with the exception of interproximal surfaces, and scored from 0 to 4.
Separate records are made of the cervical surface, the remainder of the buccal or labial
surface, the lingual or palatal surface, and the occiusal or incisal surface. The effect of
tooth wear on occlusal and incisal surfaces is not the same, so different criteria are used.
The buccal and cervical surfaces are recorded separately because of the occurrence of
cervical notch defects in some patients which may not be associated with wear of the
entire buccal surface and which probably have a different aetiology. The total number
of surfaces to be recorded was therefore 4 per tooth x 32 teeth =128 surfaces per patient.
The index was reported to show satisfactory reproducibility and to provide sufficient
sensitivity to allow specific pattern of wear to be distinguished. TWI scoring criteria are
shown in Table 2.13.

Table 2.13 TWI scoring criteria
(Smith & Knight 1984)
Score
Buccal, lingual,
Incisal
Cervical
occiusal
______________________
______________________
_____________
0
no loss of enamel
no loss of enamel
no change in contour
____________ surface characteristics characteristics
_____________________
1
loss of enamel surface loss of enamel surface minimal loss of
____________ characteristics
characteristics
contour
2
loss of enamel
loss of enamel just
defect <1mm deep
exposing dentine for
exposing dentine
___________ <1/3 of the surface
____________________ ____________________
3
loss of enamel
loss of enamel and
defect 1-2mm deep
exposing dentine for
substantial loss of
>1/3 of the surface
dentine but not
exposing pulp or
___________ ___________________ secondary dentine
___________________
4
complete loss of
pulp exposure or
defect >2mm deep or
enamel or pulp
exposure of secondary pulp exposure or
exposure or exposure dentine
exposure of secondary
___________ of secondary dentine ____________________ dentine
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TWI was designed primarily for use in research into the aetiology, prevention and
management of tooth wear problems, both in epidemiological studies and in long-term
monitoring of tooth wear in individual patients.

The same index has also been employed to investigate tooth tissue loss in children
associated with the excessive consumption of citric acid. In addition to the clinical
examination used in previous studies employing TWI, both study models and
photographic methods were employed to aid assessment in the study of Asher & Read
in 1987. The authors concluded that where pathological tooth wear is diagnosed, serial
study models may be useful to check the prevention of progression of the eroded
defects. The photographs were a very crude measure in that where relevant, patients
were asked whether they had photographs at home which would show shortening or a
change of shape in the incisors over a period of time. Only in one case was a series of
three annual school photographs used to confirm that the incisal edges of the upper two
central incisors had been reduced, producing a V-shaped defect between the two teeth.

3.3.2 Modification of the TWI index

A modification of the TWI has been used in at least 2 studies. In 1994 this was
employed in a study of tooth wear in 4 years old children (Miliward et al 1994 a). It was
assumed that loss was a consequence of erosion. From the assessment, children were
classified into 3 groups; low erosion - scores of 0 and 1 for all teeth, moderate erosion any surfaces with scores of 2, severe erosion - any surfaces with scores of 3 and/or 4.
The incisal edge of primary incisor and canine teeth were excluded as these surfaces
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were subject to attrition. This method was later used by the same authors to study
erosion in a much wider age range of 4 to 16 V2 years olds in relation to drinking habits
(Millward et al 1994 b).

Summary

All systems and indices describe morphological changes with up to seven grades of
severity. Choice of system will depend partly on the aim of the study. Even though a
fine-step grading scheme may be thought to have the potential to demonstrate minute
changes of the dental hard tissues, it may well show lesser inter- and intra-examiner
agreement and thus reduce reliability of findings and complicate comparisons between
studies. The use of a very fine grading scale will also prolong the decision process for
every individual tooth and thus be more time consuming. As well as being less reliable
in use and more time consuming in use, a more complex grading methods may make
analysis of results more complex. Provided that they detect changes sought in a given
study, simpler indices may offer advantages in epidemiological studies, especially if
these are large.
Not all indices distinguish between the differing causes of wear. Whilst it may not be
possible to differentiate exactly between types, and these systems may be easier to use
in consequence, they may fail to detect levels of wear that are primarily a result of
erosion. Abrasion in the primary dentition is thought to be uncommon, attrition is
almost always evident by the time of exfoliation but is thought to be seen primarily on
the incisal edges and occlusal surfaces. Previous studies which have been focused on
wear that is primarily erosive have therefore used systems where scoring is confined to
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smooth surfaces of incisor teeth where other causes may be less likely (O'Brien 1994,
Hinds & Gregory 1995, Millward et al 1994 a).
Studies have included determinations of the reproducibility of such indices but there has
been little study of the extent to which scores relate to findings in vitro, where different
systems have been employed.

3.4 Methods of Assessing Erosion and Erosive Potential Used
in Vitro

In devising methods of assessment most attention has been focused on scoring methods
and indices for use in vivo. Thus, what is assessed on extracted teeth or in dental hard
tissues used in research has often related to erosive potential, whereas studies of teeth in
situ in the mouth are examined for erosion that has occurred during life.
The methods used for measurement in vitro may be considered as those used for
examination of extracted teeth, chemical methods, physical methods, methods based on
iodide permeability tests, digital image analysis, scanning electron microscopy and
other useful techniques.

1)

Examination of Extracted Teeth

If whole human teeth are to be examined for erosion, the methods may be based on
those used in vivo. A point of difference would be that whereas in vivo a part or the
whole of the dentition may be studied and assessed for erosion, observations after
extraction may need to be based on single tooth or small groups of teeth. This requires
adherence to set criteria and use of the same tooth type on each occasion. A further
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drawback in using extracted teeth is that their history and the likely aetiology of any
erosion are unlikely to be known (Grenby 1996).

2)

Chemical Methods

Much of the research on the acidity of drinks and their potential erosiveness has not
used dental hard tissue, and has been based solely on measurement of changing pH in
oral or dental plaque. A more sensitive way of showing small changes indicative of
erosion under laboratory conditions is to measure calcium andlor phosphorus dissolving
from teeth or dental mineral under the influence of potentially erosive acids or other
erosive factors. A standard test needs to be devised, such as exposing a tooth or tooth
material to the erosive agent or environment for a set length of time, before using the
erosive medium for analysis to detect the calcium or phosphorus released. Initial and
final figures are required so that 'blanks' (initial concentrations of Ca and P before any
dissolves from the tooth mineral) can be subtracted from the final Ca and P levels. A
variety of small-scale and micro-methods exist for the determination of Ca and P in
solution. Phosphorus levels in solution have been measured by causing the formation of
phosphomolybdic acid. This salt is subsequently reduced to a blue compound which
may be measured colorimetrically (Allen 1940).
One reliable and sensitive technique for estimating calcium with little interference from
other solutes is by atomic absorption spectroscopy (Grenby et a! 1990). Using this
method, the amount of calcium release from enamel after repeated exposure to erosive
fruits over a 40 minutes period was determined by Grobler et a! in 1989.
Atomic absorption spectroscopy was also used to investigate the effects of some "sports
drinks" (drinks marketed as providing rapidly available sources of energy in appropriate
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form) on dental enamel in vitro. Bovine tooth specimens were employed. The drinks,
which have low pH and high titratable acidity, were tested for their capacity to dissolve
hydroxyapatite (the inorganic component of enamel). To measure calcium release, 5 mg
hydroxyapatite was added to 5 ml of each drink to be tested in small plastic tubes. The
tubes were shaken for 30 mm at room temperature and then centrifuged for 15 mm at
9500xg. The Calcium ion concentration in the supernatant was then measured
(Meurman et al 1990).
A drawback to using these methods is that they do not mirror conditions in vivo where
other factors such as saliva may act to modify the process.

3)

Physical Methods

Physical methods of determining erosion in vitro depend on direct examination and
assessment of the condition of a tooth surface or tooth material. As do other methods,
these require some form of scale to be set for the purpose of quantifying erosion.

a)

Polarised Light Microscopy

Microscopic examination of the teeth under polarised light was used in an investigation
into the possible effects of baby fruit juice on tooth erosion, extracted primary teeth
were completely coated with nail-varnish with the exception of a window on the enamel
of approximately 4x4 mm. The extracted teeth were placed in samples of the undiluted
baby fruit juices at room temperature overnight (15 hours). On removal from the juice,
the teeth were rinsed with water, dried, and the nail-varnish removed with acetone. The
window area on the enamel was examined macroscopically for any change in
appearance of the surface enamel prior to preparation of sections.
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Overnight immersion of the teeth in the juices gave rise to lesions of 'white spot'
macroscopic appearance. The surface of the lesions was chalky and opaque, in contrast
to the adjacent untreated, sound enamel. Sections were mounted in canada balsam and
viewed under polarised light. Sections of these teeth when viewed under polarised light
conditions indicated that appreciable destruction of the enamel had occurred. Complete
loss of surface enamel had taken place and the lesion surface appeared irregular.
Beneath this surface, there was a zone of the enamel which had a translucent appearance
under polarised light, reminiscent of the translucent zone seen in early enamel caries.
The macroscopic appearance of the lesion was one of gross demineralisation, and the
translucent appearance of the enamel beneath the lesion surface suggested that diffusion
of the juice into the enamel had occurred, giving rise to partial dissolution of the tissues
(Smith & Shaw 1987).
In a more recent investigation, erosion was investigated in incisor teeth in cattle. The
surface of the affected teeth were initially examined by stereomicroscopy, loss of
enamel was of a flaking appearance rather than the pitting normally seen in human
dental erosion. To investigate the mineral loss and other structural alterations, ground
undemineralised sections of the affected teeth were prepared, mounted in quinoline and
examined by polarised light microscopy. Comparison with normal bovine teeth
indicated loss of mineral in the areas of erosive lesions, but no apparent structural
differences to the sound enamel. This suggests the absence of any developmental
anomaly, which might be thought to make the teeth more susceptible to erosion or other
mechanisms of destruction (Smith et al 1992).
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b)

Surface Profflometric Analysis

Surface profilometric analysis has been used to assess the degree of enamel erosion in at
least two studies (Rytomaa et a! 1988, Meurman Ct a! 1990). Surface profile
measurement was used to evaluate the depth of enamel erosion after exposure to acidic
drinks and milk products for 4 hours under constant agitation. The loss of material after
erosive exposure was measured by recording the surface profile of the parallel enamel
blocks using a Dektac profilometer. The readings was digitalized and computerised in
order to make graphs which could be zoomed and scaled as required (Rytomaa et al
1988). Exactly the same method was used in a second investigation to measure loss of
tooth material after a period of immersion in some sports drinks. The computerised data
were used to analyse surface alterations caused by erosion, and respective profiles at
control and test areas were drawn and compared (Meurman Ct a! 1990).

c)

Surface Microhardness (SMH) Measurements

Measurement of surface microhardness has been more often used to study the
demineralization / remineralization process that is thought to represent early caries than
to investigate erosion. Initial demineralization is characterised by surface softening with
dissolution of prism peripheries, with no subsurface lesion formation taking place. In
this case surface microhardness (SMIL) is sensitive enough for shallow lesions, provided
that the lesions are less than 50j.im deep at any time during the study. Decrease in
Knoop hardness has been linearly related to mineral loss under conditions of mild
demineralization, a linear relationship between change in penetration depth and mineral
loss has been demonstrated for a wide range of demineralizing conditions (Feagin et al
1969, Kouloundes 1971). In the study of Meurman et a! in 1990 on the affect of some
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sports drinks, as well as using surface profilometry, surface hardness was measured by
using microhardness identation equipment. Five well-formed identations were recorded
at each measurement site, both at the control and test areas of each specimen (Meurman
etal 1990).
Surface microhardness was measured more recently in a study of erosion carried out by
Lussi et al in 1993, using caries-free human premolars. The crowns were separated from
the roots, and the buccal sites were ground flat under water cooling on a rotating
polishing machine. Embedded enamel blocks in resin, were fixed on a glass slide with
double-sided adhesive tape. Hardness measurements were performed before and after
exposure to certain beverage and food stuffs. Identations were made with the long axis
parallel of the vertical border of the window at intervals of 25 or 50p.m. The length of
the indentation was measured and transferred to a computer. This study showed that the
erosive capacity of different drinks, juices and foodstuffs is statisticaly significantly
associated with their titratable acidity, pH values, phosphate and fluoride contents. A
carbonated drink showed the highest significant decrease in surface microhardness
followed by grapefruit juice, apple juice, and salad dressing (Lussi et al 1993).

4)

Iodide Permeability Test (Ip)

The Iodide permeability test measures changes in the permeability of the surface of the
teeth, and can detect very early stages of enamel demineralisation. It has been used as a
method for measuring erosion as well as measuring caries in two studies (Zero et al
1990, Lussi et al 1993).
Both studies were experimental and used prepared enamel specimens of bovine (Zero et
a! 1990) or human (Lussi Ct al 1993) origin. After cleaning, iodide was applied to
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windows on the prepared specimens for a given period, 3 minutes in one study, 20
minutes in the second. Remaining iodide was wiped away, and the surfaces cleaned
with cleaning solution before covering with double-deionized water (DDW) for a 5
second period. The DDW was then analysed using an iodide specific electrode. Ip was
determined at baseline and after the enamel window was exposed to a period of
demineralisation. The difference between the two indicated the change in permeability.

5)

Digital Image Analysis (DIA)

Digital image analysis has been found to improve accuracy and reliability, and to reduce
time and labour requirements, but the equipment and programs are expensive. The
surface to be examined is set in a fixed position and imaged by a video camera. A
feature such as a ridge or other limit of eroded tissue is chosen as a threshold between
different zones of attack that can be discerned, and its position is traced and stored, after
which the area and the depth of the damage to the tooth enamel can be calculated, and
statistical comparisons between different treatments can be performed. This method has
been used for assessing erosion of rat molars (Mistry & Grenby 1993).

6)

Scanning Electron Microscopy (SEM)

Scanning Electron Microscopy inspects changes in enamel surface ultrastructure which
demonstrate the progression of erosion in prismatic and aprismatic enamel. It mimics
the tooth surface and it is reproducible but as in the case of DIA it requires very
expensive equipment and skilled operators.
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SEM methods have been used in at least 3 investigations in which erosion was induced
experimentally (Addy et a! 1987, Rytomaa et a! 1988 and Meurman et al 1990).
In all cases, specimens of enamel, either human or bovine were first exposed to erosive
conditions including; various acids (nitric acid, sulphuric acid, citric acid, lactic acid,
tannic acid and formic acid) and drinks including wine, cola, fruit juices and fruit based
drinks, yoghurt (fruit), carbonated mineral water, beer, tea, coffee (with or without
sugar), buttermilk and sports drinks, before their surfaces were sputter-coated with gold
and examined using a Scanning Electron Microscope. Magnifications used have ranged
from 30 to 7000 times.
Rytomaa reported distinct loss of enamel including disruption of enamel prism
structures when teeth were exposed to cola beverage, orange beverages, sports drinks,
diet cola beverage and orange juice but no abnormal surface alterations were observed
in enamel treated with carbonated mineral water, beer, coffee (with or without sugar),
yoghurt or buttermilk (Rytomaa et al 1988).
Smear layers were seen completely covering underlying tubules on the control portions,
whereas portions exposed to acids showed loss of the smear layer and exposure of large
numbers of tubules. Assessment of the surface appearance of the specimens was made
from representative photomicrographs of each specimen. The scoring was based upon
an observational grading of the number of tubules with 0 = no tubules visible to +++ =
many tubules seen (Addy et a! 1987).
Other studies using a replica impression technique have been reported recently.
Impressions were taken of windows prepared on extracted teeth. The casting made up
from the impressions was examined by SEM methods after gold sputtering. This
experimental model is said to mimics the conditions at the tooth surface in vivo and to
be highly reproducible (Miliward et a! 1995 & Teo et a! 1997).
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7)

Use of Synthetic Hydroxyapatite powder/discs

To help overcome problems arising from the variability of extracted teeth and enamel
samples of diverse provenance, the erosive potential of soft drink formulations has been
determined using an enamel-like disc composed of ceramic (sintered) hydroxyapatite
measuring weight loss gravimetrically before and after immersion in erosive solutions
(Andon et al 1992). This has the advantage of reproducibility, but the method means
that findings may not be directly applicable to tooth tissue.

8)

Intra-oral Cariogenicity Test (ICT)

Testing using the Intra-oral cariogenicity test (ICT) has also been found to be useful in
erosion research. Slabs of enamel are mounted in the human mouth in intraoral
appliances and subjected to cariogenic or erosive conditions, after which
demineralization can be recorded by mean of microradiography and changes in surface
microhardness (Koulorides & Chien 1992).

9)

Measurement of tooth wear using a Laser Profilometer

This is a novel method for measuring tooth wear in vivo using metal disks cemented to
the palatal tooth surfaces of upper incisors, and impressions taken at 6-month intervals.
Wear was estimated by scanning the impressions with a contacting laser profilometer
and measuring a change in depth around the disk over a 6-month period, using fixed
reference points on the metal disks (Bartlett et a! 1997).
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10)

A model used to measure erosion in situ then in vitro

This is a controlled method that was devised to study erosion in situ in relation to a
single agent (orange juice) over a relatively short period of time, and to compare this
with erosion produced by the same method applied in vitro. An intra-oral appliance
capable of retaining an enamel sample was used to retain a specimen of enamel in the
mouth. It was found that this method was reproducible and accurate (West et al 1998).
This is one of the first of its kind to model erosion in vivo by a single potential
aetiological agent under highly controlled conditions.

11)

Scanning Microradiography (SMR) and X-Ray Microtomography (XMT)

A number of other innovative and sophisticated techniques that should be capable of
measuring erosive potential have been suggested. These include scanning
microradiography (SMR) and x-ray microtomography (XMT).
In scanning microradiography (SMR), a thin section is stepped across a 15 im diameter
X-ray beam and the transmitted intensity measured at each point. This technique has
permitted more accurate measurements of the spatial variation of the mineral
concentration in sections of dentine and enamel than conventional photographic
microradiography.
X-ray microtomography (XMT) can be carried out by adding an axis of rotation to the
SMR apparatus. Using this method mineral concentrations, can be measured. This has
advantages over the SMR in that superposition within the depth of the section and errors
in determining its thickness are avoided. XMT studies of de- and remineralization
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similar to those described for SMR (Elliott et a! 1994). To date, these have not been
utilised in erosion research.

Summary

The methods of measuring erosion used in vitro have often employed sophisticated
technological techniques. They have allowed greater understanding of the processes of
acid dissolution of hydroxyapatite, particularly in its early stages, and of the erosive
potential of differing acids and dietaiy items. Many have a drawback in that they may
not measure erosion that is equivalent to that found clinically when factors such as
saliva may modify the process and where aetiological factors may act in ways that are
not equivalent to experimental interventions. The methods are also not designed for use
in large epidemiological studies.

4. Epidemiology of Erosion
4.1

Prevalence of Erosion and of Tooth Wear

Surveys showing the prevalence of erosion are relatively few in numbers. Many of the
studies use different indices and different teeth in the assessment so making direct
comparisons difficult. Additionally, many of the studies carried out appear to measure
tooth wear and are not confined to erosion. Some details of studies of the prevalence of
tooth wear are summarised in Table 2.14 (pages 90-91).

One of the earliest studies to include details of a population-based survey was that of
Sognnaes et al in 1972. These workers had examined 10,000 extracted permanent teeth
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from Southern California. Examination of all surfaces of each tooth was made with a
binocular dissecting microscope for screening. Various lesions and restorations were
grouped as: presence of some form of erosion; pattern of tissue loss; with or without
other forms of pathology such as caries, calculus, or dental restoration.
No specific scoring system was used, only the presence/absence of a pattern of erosivelike lesions was noted. Sognnaes et a! reported that 18% of the teeth had erosive lesions.
Mandibular teeth had a higher frequency of erosion than maxillary teeth (21% as
compared with 13%), with mandibular incisor teeth most commonly affected (28%)
(Sognnaes et a! 1972).

Since this report, studies have been carried out on historical material (Robb et al 1991)
and in modern populations. Amongst the latter, investigations have been related to
adults and to children (Xhonga & Valdmanis 1983, Lussi et al 1991, Smith & Robb
1996, Johansson et a! 1996, Milosevic et a! 1994, Bartlett et al 1998, Jones & Nunn
1995, Miliward Ct a! 1994 a, Miliward et al 1994 b, O'Brien 1994, Hinds &
Gregory 1995).

4.1.1 Prevalence in historical material

The investigation of historical material employed 151 adult skulls, dating back to
Roman and Anglo Saxon Britain. The wear index of Smith and Knight was used to
assess tooth tissue loss. A control group was made up of 947 cases who formed part of a
separate study to assess pathological tooth wear in a group of subjects attending the
dentist in the south-east of England. Of the 151 skulls, 30 (20 %) showed evidence of
extensive wear. Most of the skulls had evidence of severe wear on the lingual surfaces
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of both upper and lower teeth. The site of the tooth surface loss led the authors to
conclude that the causal factor was gastric regurgitation. This was very similar to
patterns seen in the control group, where extensive tissue loss from the lingual surfaces
had been linked to a specific cause. Occlusal wear was greater in the skulls than in the
control group and became more marked with age. The authors thought that the coarser
diet of the skull population may have contributed to this findings although it was not
regarded as the primary cause (Robb et al 1991).

4.1.2 Prevalence in modern populations
I)

Prevalence in adults

Amongst modern populations, in the United States, a survey of patients attending dental
hospitals in Los Angeles and Boston purported to look specifically at the prevalence of
erosion. Five hundred and twenty seven patients were included, their ages ranging from
14 to 88 years and including both males and females. All patients were examined and
evaluated by one person at each location. The severity of erosion was graded as minor,
moderate and severe; and as erosion occurring in the presence or absence of other
pathology, such as caries, fillings and crowns. The pattern of erosion was considered as
wedge, saucer, groove and atypical. Prevalence was found to vary by city and by tooth
type. Approximately 25% of all teeth exhibited erosion but with a higher rate in Los
Angeles than Boston (Xhonga & Vaidmanis 1983). However, although the tissue loss
was regarded as erosion, it has been pointed out that the illustrations contained in the
paper suggested that many of these lesions were a result of abrasion rather than erosion
(Nunn 1996).
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In Europe, a random sample of Swiss adults was selected to examine the prevalence of
dental erosion in Switzerland (Lussi Ct al 1991). Examinations of 391 people were
carried out in their own homes using a scoring system modified from that of Linkosalo
& Markkanen in 1985, which is based on an index described by Eccies & Jenkins in
1974 (described earlier see section 2.3.2). Each subject was examined for the presence
and severity of erosion on all tooth surfaces (facial, lingual, and occiusal surfaces)
except those of third molars. Of the sample, 197 were aged between 26 and 30, and 194
were between 46 and 50 years of age. Forty three percent of the older group and 30% of
the younger group had erosion of occlusal surfaces involving dentine (grade 2), with an
average of 3.9 and 3.2 teeth affected per subject respectively. Thirteen per cent of the
older group and 8% of the younger group had one or more tooth affected with erosion of
facial surfaces to the extent of involvement of dentine (grade 2). Six per cent of the
older age group and 4 % of the younger age group showed slight lingual erosion on the
maxillary anterior teeth. Only 2% of the older subjects (4 cases) had severe lingual
erosion (grade 2) and two of these had a history of chronic vomiting. For the reminder
of the subjects, there was a statistically significant relationship between observed
erosion and dietary habits such as intake of fruit juices, citrus or other fruits (Lussi et al
1991).

The survey on adult patients included as controls for historical data was carried out to
provide baseline data on the prevalence of tooth wear. This survey included 1007
patients with ages ranging from 15 to over 65 years old. TWI was used, but with the
understanding that a degree of tooth wear is normal and progresses throughout life.
Tooth wear which was acceptable in an older age group would not be so in younger
patients. It was therefore necessary to designate threshold values of acceptable levels of
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tooth wear for different age groups to reach realistic conclusions about the prevalence of
unacceptable levels of tooth wear. Of the 1007 patients examined only 9 had completely
unworn dentitions and 5% of the tooth surfaces examined had wear which exceeded the
threshold values. Of the 15 to 26 year age group, 6% of tooth surfaces were worn to
unacceptable degree. In the 56 to 65 year age group, wear was seen in 8% of surfaces
and in those over 65 years age was 9% were worn to unacceptable degree (Smith &
Robb 1996).

Studies of tooth wear have, most often, been carried out in westernised countries but
there have been some investigations elsewhere. In Saudi Arabia, tooth wear in young
adult Saudis has been the subject of more than one investigation. It has been suggested
that the severity of tooth wear in Saudis significantly exceeds that found in similarly
aged western populations. In one study in male Saudi military inductees, special
reference was made to soft-drink consumption and dental erosion. A random selection
of 95 individuals was included with an age range between 19 and 25 years. Grading of
erosion was performed by using a modified version of the ordinal scale described by
Eccies & Jenkins (1974). Incisal surfaces were excluded from the examination because
of the difficulties in distinguishing between attrition and erosion of these surfaces. Only
maxillary incisors and canines were graded and only buccal and lingual surfaces.
Seventy seven percent of the teeth had suffered some degree of erosion. Lingual
surfaces were significantly more affected than buccal, and central incisors showed
significantly more erosion than lateral incisors and canines. A strong correlation was
seen between the presence of dental erosion and a high level of consumption of colatype soft drinks. Soft-drink consumption (250 litres per year) far exceeded that reported
in western populations (Johansson et al 1996).
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II)

Prevalence in children

Investigations of the prevalence of erosion in children have to date been confined to the
United Kingdom and have all been reported within the last decade. Studies have
included permanent or primary teeth or both.
A random sample of 1035, 14 years old children from 10 schools in Liverpool was
included in a study carried out in 1991. Examinations were carried out using dental
mirrors and an intra oral fibre optic light tip. Four surfaces (cervical, buccal,
occlusallincisal and lingual) of every tooth were scored using the Tooth Wear Index
(Milosevic et al 1994). Overall, thirty per cent of the children had exposed dentine, this
was most often seen on the incisal edges and was evident more often in males. In
addition to incisal wear, 80 (8%) children also had exposed dentine on occlusal and/or
lingual surfaces. The occiusal surfaces of the first mandibular molars and the lingual
aspects of the upper incisors were most often affected (Milosevic et a! 1994).
More recently, a study of tooth wear in a sample of adolescents in London has been
reported (Bartlett Ct a! 1998). The study had the aim of determining the relationship
between tooth wear, diet and gastro-oesophageal reflux. A cluster sample of 210
children 11 tol4 years old were examined using the Smith and Knight tooth wear index.
Salivary flow rate and buffering capacity, diet and symptoms of gastro-oesophageal
reflux were also recorded for all subjects. Separate examiners were responsible for
assessing tooth wear, salivary flow rate and buffering capacity, and diet and reflux
histories on the same occasion.
Tooth wear of enamel was common, with 57% of subjects having erosion on more than
ten teeth and a median 12% of surfaces affected per subject. Erosion of enamel was
most common on the upper and lower central incisor teeth. However, erosion into
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dentine was rare. No correlation was found between erosion and the intake of
carbonated drinks, nor with salivary flow rate or buffering capacity. Adolescents with a
history of regurgitation had a higher maxillary TWI compared with those who did not
(Bartlett et al 1998).

III)

Erosion and tooth wear in primary teeth

Erosion and/or tooth wear in primary teeth has been considered in at least 5 studies.
A study of oral health (including erosion of maxillary incisors) and social class in 3year-old children was undertaken in East Cumbria in 1993. A random sample of 270
children was selected to take part, 135 of whom were finally included in the study.
Palatal and buccal surfaces of the maxillary central and lateral incisors were examined
for evidence of erosion and the type and extent of erosion was recorded. The criteria
used in the National Survey of Child Dental Health carried out in 1993 and described
above (Section 2.3.2) were employed for the assessment. All evidence of dental erosion
was confined to the palatal aspects of the upper primary teeth, with only 2 children
presenting with erosion of the buccal surfaces of their incisors. Almost one third, (29%),
had one or more maxillary incisors affected by erosion. Involvement of both enamel and
dentine was the most prevalent type of defect with 17% of children showing erosion in
this category. It was noted that 12 children (9%) experienced erosion which extended
for less than one third of the palatal surface, whilst for 21 children (15%), more than
two thirds of the palatal surface was involved (Jones & Nunn 1995).

In a study reported the following year, 178 children, eighty boys and ninety-eight girls
age 4 and 5 years old from the West Midlands had been investigated for erosion.
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Children had come from five differing schools. These schools were selected because
they had very clearly defined catchment areas of uniform socioeconomic background.
Unlike the earlier survey, the classification of erosion used was based on the Tooth
Wear Index of Smith and Knight, with some modifications. All teeth were assessed but
incisal edges of primary incisor and canine teeth were excluded from this analysis. The
children were classified into one of three groups:
1. No or mild erosion: no tooth score higher than 1
2. Moderate erosion: at least one tooth in the dentition scored 2
3. Severe erosion: at least one tooth in the dentition scored 3 or 4
Overall, nearly half the children showed some erosion, with the most commonly
affected site being the palatal surfaces of maxillary incisors. Over 30% of these surfaces
showed visible dentine, with almost half of these having scores of 3 and 4. The
majority of tooth surfaces showed minor degrees of tooth tissue loss; confined to loss of
enamel surface characteristics - scorel (Millward et al 1994 a).

A second investigation from the same area during the same year was set up to determine
the severity and distribution of tooth wear in a selected group of children attending
Birmingham Dental Hospital. The study involved 101 children attending the children's
unit of the University of Birmingham Dental School and Hospital. Twenty of these
children had been referred by general dental practitioners who had been particularly
concerned about tooth tissue loss, but a further 81 were randomly selected patients.
Their ages ranged from 4 tol6 1/2 years and they included both males and females. The
Tooth Wear Index of Smith and Knight was again used. Buccal, occiusal/incisal and
lingual surfaces of each tooth present were examined and the children again classified
into groups; with mild, moderate, and severe erosion. Evidence of tooth wear was found
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in over 80% of maxillary incisor teeth, and 30% of the primary molar teeth had some
dentine exposed. The palatal surfaces showed the most extensive tooth tissue loss
attributable to erosion. There were 21 children who were regarded as having 'mild'
erosion, 45 'moderate' and 35 'severe' erosion (Miliward et al 1994 b).

As well as these smaller scale investigations, erosion has also been considered in two
much larger surveys of dental health in children in the UK. National Surveys of Child
Dental Health in the UK have been carried out every 10 years since 1973 and have
included children aged from 5 to 15. The survey in 1993 included an assessment of
dental erosion of maxillary incisor teeth for the first time. Results from the calibration
exercise conducted during the dentist's training for the survey indicated that examiners
found it difficult to agree in determining the presence of erosion of the enamel, so
comparisons between countries on this basis alone may be suspect. The low levels of
agreement between dentists in the case of enamel erosion need also to be borne in mind
when considering the results of the survey. Erosion into dentine and the dental pulp
may have been easier to identify.
Overall the results showed that over half (5 2%) of the 5 and 6 years old had evidence of
erosion, and in nearly a quarter (24%), dentine was involved. Loss of tooth tissue was
greatest on palatal surfaces of the incisors, with 52% of 5 years old affected, compared
with only 18% presenting with buccal erosion.
In the permanent dentition, erosion was both less common and less severe than that of
the primary incisors. Two per cent of seven years old were found to have some erosion
on the buccal surfaces limited to enamel, rising to 12% of children age of 13 to 15. On
the palatal surfaces of the permanent incisors the proportion of children with erosion
rose gradually throughout the age range, from 7% of 6 years old to a maximum of 32%
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among 14 years old, falling slightly to 27% among 15 years old. However, there was
little erosion into dentine or pulp in permanent teeth (O'Brien 1994).

Erosion was also included in the survey of oral health carried out in conjunction with
the National Diet and Nutrition Survey of 1 1/2 - 4 1/2 years old children. The study
used the same criteria on erosion as in the National Child Dental Health Survey. Again,
erosion confined to enamel was difficult to identify. Complete examination of the
buccal surfaces were achieved for 1522 children and 1496 children had a complete
examination for palatal erosion. Overall, 19% of children had erosion of the palatal
surfaces of their primary incisors teeth and 10% had erosion affecting the buccal
surface. Erosion into dentine or pulp, affected the palatal surface of the teeth of 8% of
children and the buccal surfaces of 2%. The prevalence of erosion increased with age,
with 3% of children aged 1 1/2 to 2 1/2 years found to have some palatal erosion into
dentine or pulp compared with 13% of those aged 3 1/2 to 4 1/2 years (Hinds &
Gregory 1995).

The oral health investigation of these pre-school children had accompanied a large diet
and nutrition survey. Differences in relation to erosion were small. For example, 32% of
3 1/2 to 4 1/2 years old who consumed carbonated drinks (including low calorie
carbonated drinks) had evidence of palatal surface erosion compared with 28% of the
same age group who consumed such drinks less frequently. The equivalent data for
buccal surface erosion were 19% and 12% respectively. There was some trend for a
relationship between bedtime consumption of drinks and the prevalence of erosion, with
41% of 3 1/2 to 4 1/2 years old who consumed drinks containing non-milk extrinsic
sugars (including: fruit juices, squashes and carbonated drinks) showing evidence of
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palatal surface erosion compared with 30% of children who did not have drinks of this
type at bed time (Gregory et a! 1995). Differences failed to reach statistical significant
and the authors concluded that they had been unable to find a relationship between
dietary behaviour and erosion (Gregory et al 1995).

4.2 Relationship between Erosion and Social Class

The relationship between social class and erosion was investigated in three of the
studies carried out in children in the UK.
In the study of erosion in permanent teeth carried out in Liverpool, there was an
association between the prevalence of tooth wear and the area of the city where the
school was located. The three schools with the lowest prevalence of occlusally and
lingually exposed dentine were located in the more affluent areas of the city, while the
schools in the deprived areas showed a higher prevalence of tooth wear as a whole
(Milosevic et al 1994).
There were also distinct social class differences seen in the prevalence of erosion
affecting enamel and dentine in the study of 3 years old carried out in East Cumbria.
As before, children from the higher social class families (I and II) recorded the lowest
prevalence at 5% compared with 22, 24 and 10% for social classes III, IV and V, and
the unclassified group, respectively (Jones & Nunn 1995).
In contrast to findings in both of these two studies, there was a positive correlation
between socio-economic group and the prevalence of erosion in the study of 4-5 years
old in the West Midlands, with the children from the low socio-economic groups having
less erosion. In this investigation 19% of children in high socio-economic groups had
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severe erosion (surfaces scoring 3 or 4 on the Tooth Wear Index) compared with only
4% of children from lower socio-economic backgrounds (Miliward et al 1994 a).

Summary

Loss of tooth tissue as a result of wear is increasingly being reported in the literature. A
high prevalence of erosion in adolescents and in children has been reported in the
United Kingdom but very little data is available from other countries.
In all studies the most commonly affected site was the palatal surfaces of the upper
incisors. The relationship between erosion and socio-economic status is not yet clear.
Studies have been largely confined to the UK and systems of social classification used
may not be appropriate if studies are to be carried out in other parts of the world. In
addition, oral health status may not bear the same relationship to social class since
determinants such as dietary patterns may well differ.
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5. Oral Health in Children and Social Classification in Saudi Arabia
5.1 Oral Health in Children in Saudi Arabia
There have been few studies carried out on the caries prevalence of children in Saudi
Arabia and none would appear to have been yet reported on the presence of erosion.
Studies that have been carried out have indicated that the prevalence of caries is
increasing. Studies within the last 10 years suggest a prevalence between 68 and 87%
amongst children (Al-Shammary et a! 1990, Al-Kateeb et al 1991, Al-Amoudi et al
1996, Al-Mohammadi et al 1997).

Rampant caries, (defined as occurring when two or more primary maxillary incisors
have caries affecting buccal or palatal surfaces) has also been reported to have a high
prevalence in Saudi Arabia. In one study, 43% of a group of children from one city in
the central province were reported to have rampant caries (Wyne et al 1995).
This high and increasing level of caries amongst children in Saudi Arabia has been
related to determinants which include improper dietary habits, poor oral hygiene, a lack
of dental awareness and education, and inadequate quality of dental treatment provided
(Al-Amoudi et al 1996). Social factors are known to have a strong relationship to caries
prevalence and severity and may also be important in Saudi Arabia.

• Dietary habits
In Saudi Arabia, both modem and traditional diets contain considerable amounts of
sugar. Parents start giving sweet solids to the children at an early age. A high
carbohydrate diet including large amounts of bakery products is also thought to be an
important part of the Saudi culture (Wyne et al 1995).
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Rampant caries has been particularly associated with nursing bottle contents which have
sweetening agents added to them and to prolonged sucking of sweetened comforters
(Winter 1966).
Adenubi (1982) reported that the main aetiological factors of rampant caries were the
frequent use of sugar containing food and specially the consumption of soft drinks from
an infant feeding bottle. Pure fruit juices marketed for consumption by infants, have
also been shown to have pH values below the critical pH for the dissolution of enamel
in erosion (Smith & Shaw 1987). A high proportion of a sample of pre-school children
with a high dmft in Riyadh (51 child out of 68) were using canned soft drinks and
packed fruit juices (Wyne and Khan 1995).

• Poor oral hygiene
It is usually recommended to parents that the tooth cleaning should start as soon as first
tooth erupts. In Saudi, brushing practices were found to start around 34 months. This
was considered very late compared with present-day recommendations (Wyne Ct al
1995).

• Dental awareness, education and treatment needs
The treatment need for dental caries is very high in Saudi. There has been little tradition
of regular care or of parents seeking routine dental check ups for their children (Wyne
& Khan 1995). Many patients seek treatment only when their child is in pain. In some
developed countries with a high level of dental awareness this may be regarded as
dental neglect on the part of the parent for failing to bring their children early for
treatment but in Saudi Arabia it may be at least as much a result of poor accessibility of
appropriate services (Al-Amoudi Ct al 1996).
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The population of Saudi Arabia is thought to be in the region of 18.8 million. In 1996
there were reported to be a total of 1237 dentist working in government funded centres
in addition to the dental care provided by the private sector (Ministry of Health, 1996).
The government's philosophy is that high quality dental care should be available for the
entire population free of charge, regardless of social standing or of educational level.
This policy functions effectively in the cities, but not in rural areas, where the
distribution of personnel is more uneven. Until relatively recently, there was an acute
shortage of dental personnel in the Kingdom, it was reported that in 1986 there had been
only 850 dentists in the kingdom, giving an approximate dentist to population ratio of 1:
9,411 (Guile and Al- Shammary 1987). In 1996 there were 2999 dentist with a ratio of
1: 6118 (Ministry of Health, 1996). Access to services in the major cities may now be
improved but there may well be a shortage of accessible dental services in other parts of
the kingdom. To try to overcome this difficulty there are now 150 mobile dental clinics
used to provide service to residents of remote villages.

. Socio-economic factors
At least three studies in the Kingdom of Saudi Arabia have shown a higher caries
prevalence in children from lower socio-economic groups (Al-Khateeb et al 1991,
Wyne et al 1995, Al-Mohammadi et al 1997). The level of dental caries in Saudi was
also found to be higher amongst urban than in rural populations. This may be related to
different life styles, with rural children having less access to refined carbohydrates than
their urban equivalents (Al-Shammery et al 1990). Rampant caries has also been found
to be higher (43%) in children with a middle socio-economic class father and less
educated mother (Wyne et al 1995).

94

5.2

Systems used for social classification in the Middle East and in Saudi
Arabia

In all societies members may be classified into various social strata or layers. Systems
are hierarchical and allow generalisations about lifestyles, behaviour, and attitudes of
others, based on the pattern for that group as a whole. Not everyone from a social class
will share the same lifestyle, but the difference between those from the various classes
are often greater than those within classes. One commonly used set of social classes
includes lower class, working class, middle class and upper class (Petersen 1997).
Social class may influence disease in a wide variety of ways. Differences in class may
reflect differences in life style (including diet), in behaviour and attitudes! knowledge.
It is suggested for example that a less healthy diet is consumed by those in the lower
social class leading to more disease in consequence.
There are numerous methods for dividing the population into social classes. One
generally used system is the Registrar General's classification of occupations, whereby
people are grouped into 6 strata according to the occupation of the head of household.
More recently, measures of deprivation have been introduced. These include, the
Registrar General's Social classification, JARMAN, ACORN and TOWNSEND. These
are based on place of residence either in terms of area (eg TOWNSEND) or type of
housing (eg ACORN).
All of these systems have been developed and used in the U.K. They are likely to be
much less applicable in countries of very dissimilar culture, such as the Middle East.
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5.2.1 Class structure in the Middle East

Systems used in the past for studies of oral health in Middle Eastern countries include
one from Amman and three from Saudi Arabia.
About 1.4 million Jordanians live and work in Amman, which is the centre of the
country's political, economic and social life. In the method used to define social class
in Amman, a structure was derived from a survey of employment, unemployment, and
poverty which was carried out by the department of Statistics towards the end of 1991.
A four-class typology was used referring to upper, middle, working, and dispossessed
classes, with a degree of variation within each class.
The upper class
The upper class comprised domestic capital owners (industrial, commercial and trading)
senior executives, and top state managers.
The middle class
The middle class included segments such as professionals, petty bourgeois (or
traditional middle class), and executive or administrative positions in business or in
government agencies.
Working class
The working class consists of ordinary people who do all the routine jobs, typically
involving clerical and manual wage labour in public enterprises and private industries
and services.
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Dispossessed class
The dispossessed class includes people who cannot find regular jobs or who work
irregularly but are frequently unemployed for long periods of time. This includes some
divorced women with very low-paid jobs and some retired people.

5.2.2 Class structure in Saudi Arabia

The population of Saudi Arabia has been considered as being made up of 3 clearly
stratified groups; urban, rural and Bedouin, whose life-style has been defined in relation
to their traditions, cultural and social pattern. Individual variation within each group
and within the person's own group may also be observed in relation to social class in
terms of occupation and education. In recent years, the fabric of life has altered, poor
living conditions, health services and sanitary conditions have been largely replaced by
much higher standards of living and better health care.

In phase 1 of a large recent Oral Health Survey in Saudi Arabia, electricity company
listings were used in the absence of any better sampling method. By the time of phase 2,
the Ministry of Municipalities and Rural Areas had published detailed and wellorganised maps of the country's urban areas. These maps included socio-economic
divisions, density of the population, and many other items of information. After
reviewing the maps, two types of stratification were selected for sampling strategy.
These were: a) housing density, divided into low, medium and high density, and b)
quality of housing, divided into good, fair and poor housing. The combination of these
categories provided a maximum of nine strata for each urban area. For the
schoolchildren included in the survey, school selection was based on the assumption
that Saudi parents send their children to a school near their residences (Al-Shammary Ct
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al 1991, Al-Shammary et al 1994). By being related to housing density and quality, this
system resembles ACORN.

In another recent survey children in urban areas only were classified according to socioeconomic status. Socio-economic status (SES) was grouped into three levels, high,
middle, and low, using three items of information on each child; residency, parents'
income and parents' level of education. Each of these was classified into three levels, so
that a child could have a score of one for each item (residency, income and education)
giving a combined score of 3, or a maximum combined score of 9 (3 *3). The following
criteria were used:
• Place of residency: In each city, three levels of area of residency, high class, middle
class, and low class areas, were determined by the school authorities and health
authorities (primary health care centres). These were given a score of 1 for low
class, the middle class 2, and the high class areas a score of 3.
• Family income: The Directorate of Census and Information at the Ministry of
Finance was consulted regarding classification of the incomes of the Saudi
population. Per capita monthly income was determined by the questionnaire,
completed by one of the parents. This was divided into three categories:
1,000-5,000 (SR) (low income - a score of 1)
5,000-10,000 (SR) (middle income - a score of 2)
10,000 (SR) and over (high income - a score of 3)
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. Parents' level of education: The educational qualifications of the parents were
considered:
-The lowest level of education included those unable to read and write, and
those with reading and writing at primary school level only - score 1.
-The middle level of education were those who had attended Secondary school
and High School - score 2.
-The high level of education included College and Postgraduate level-score of 3.
The calculation of child's socio-economic status (SES) level was by summation of the
suitable scores of each component. Low level of SES was between 3-5, middle level
was between 6-7, and high level was between 8-9 (Al-Mohanmiadi 1995).

In another much smaller study related directly to oral health, social classification was
based on parent's occupation, education and income (Al-Ghanim 1996). According to
the government salaries, parent's income was divided into five categories to reflect their
economic status as follows:
Category 1

Low

equal or less than SR 2,000

Category 2 Middle

between> SR 2,000 to < SR 4,000

Category 3 Upper Middle

> SR 4,000 to < SR 8,000

Category 4 High

> SR 8,000 to < SR 12,000

Category 5 Upper High

> SR 12,000

This system includes elements common to those widely used in the UK and elsewhere,
but requires more information about each subject which may make it more cumbersome
in use.
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Summary

It may be concluded that oral health amongst children in Saudi Arabia in terms of caries
is poor. Prevalence of caries and of rampant caries are both high and may be increasing.
This deterioration is thought to relate to poor dietary habits and oral hygiene practices
and also to low levels of dental awareness amongst parents This may be partly because
access to oral health care services has been limited up until relatively recently. As in
other countries oral health in children has been related to social class.
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CHAPTER THREE
MATERIALS AND METHOD
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3.1 Study of exfoliated and extracted teeth

The study to determine validity of the index for erosion was based on an investigation
of extracted and exfoliated teeth.

3.1.1 Sample of teeth

Exfoliated and extracted primary teeth were collected from child patients attending
clinics in Saudi Arabia, the Eastman Dental Hospital or Community Dental Clinics in
North London. Sound teeth, teeth with visually obvious erosion and teeth with early
caries were included but teeth with extensive caries, restorations or fractures were
excluded. Teeth were stored in formalin solution during the investigation.
A total of 100 primary teeth were collected, 41 of which were suitable. This total
included 19 maxillary central incisors, 14 lateral incisors, and 8 canines.
Assessment of the teeth included the following three stages:
1- Preliminary visual inspection.
2- Photographic assessment.
3- Examination of sectioned teeth.

3.1.2 Preliminary visual inspection

After drying with a cotton gauze napkin each tooth was examined visually under
ambient lighting conditions and without magnification. The appearance was described
briefly in words and the tooth was then scored as to the extent of tissue loss, using the
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scoring criteria shown in Table 3.1. Scoring was related to tooth wear. For the purposes
of this inspection no attempt was made to distinguish between wear resulting from
erosion, attrition or abrasion. Scoring was repeated after a 2 day interval.

Table 3.1 The Scoring System
0

No evidence of tooth wear

1

Tooth wear into enamel

2

Tooth wear into dentine

3

Tooth wear into pulp

3.1.3 Photographic assessment

The photographic set up used comprised an Olympus 101camera with Elicar 90 mm
lens, T10 ring flash at fixed power and T power source. Films were Kodachrome 64 KR
135-36 P films providing colour transparencies.
Teeth were mounted in soft wax and two photographs were taken for each, at a fixed
magnification of 1:1, one view from the palatal and the second from the labial aspect
(Figure 1). Films were developed by Kodak Ltd (P.O Box 2, Deer Park Road,
Wimbledon, London SW19 3 UG).
Colour transparencies were projected onto a white screen and assessed using
standardised conditions including a fixed projector / screen distance and the viewer
seated at a single fixed point for all the readings.
The photographic appearance was described as normal or showing wear. The presence
of attrition, erosion, or both, and the surface(s) affected were recorded, as was the extent
of tooth tissue loss.
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The criteria employed at the visual inspection (Table 3.1) were then used to score the
photographs. Transparencies were scored twice with a 2 day intervals to check
reproducibility of the photographic assessment.

3.1.4 Examination of sectioned teeth
Preparation for histology
A single ground section from each tooth was prepared to view under the microscope as
follows:

a) Each tooth was mounted using Impression compound green wax before being placed
on the EXACT Saw machine (band saw) to prepare the initial slice. The tooth was cut
sagittally in the long axis of the tooth and at right angles to the incisal plane so as to
provide a section from at or close to the midline. The cut was made as close as possible
to the midline because it was believed likely that any tissue loss, if present, would
involve the midline.

b) Using an abrasive stone each slice was polished manually to obtain a thin section
(approximately 20-30 jtm) suitable for examination.

c) After polishing, sections were cleaned in alcohol for up to 12 hours for dehydration
purposes and then in Xylene for a period of 2-3 hours.

d) Sections were then mounted onto a glass slide in a water based media.
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After preparation, sections were viewed using a polarised light microscope (Figure 2
shows the stages in preparation of section for microscopic assessment).
The scoring criteria shown in Table 3.1 were again used to assess the extent of tissue
loss. Sections were examined twice with a 2 week intervals to check for reproducibility
of assessment.
Results from the preliminary examination, photographic assessment and assessment of
sections for the 41 teeth are shown in chapter 4.
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a) Labial view

b) Palatal view
Figure 1:Photograph of an extracted primary incisor tooth mounted
in wax for photographic assessment
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3.2 The Survey of kindergarten children in Jeddah

Approval for the study was sought from the 'Ministry of Higher Education' and through
the 'President General for Girls Education Schools' office (Appendix 4). After
permission was obtained from these authorities, schools were then approached
individually to gain their agreement.

3.2.1 Sample selection

Sampling was carried out to provide a sample of one thousand pre-school Saudi
children (age 2 to 5) attending kindergarten schools, Jeddah city in the Western
Province of the Kingdom of Saudi Arabia.
The Saudi population in this region include Saudis of Yemini or Hadrami descent, as
well as people of Egyptian, Lebanese, Syrian, Palestinian or other origin. There is a high
incidence of mixed marriage in the region, with many children being of mixed origin.
Non-Saudi children were all Arabic speaking and had lived in the kingdom through out
their lives.

To select the sample, a list of all kindergarten schools in the city was obtained from the
Department of Education of the Western Region of Saudi Arabia. The schools were then
divided into two groups according to funding sources (private or public) and were also
considered by area of the city (north, south, east and west).

Of the 152 schools listed, 20 were public schools; their rolls included a total of 2621
children. The remaining 132 were private schools attended by a total of 11,317 children
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during the year 1997-1998 (personal communication with the Department of Education
of the Western Region of Saudi Arabia).

The sample was designed to include 400 children from public schools (100 from each
area of the city) and 600 children from private schools (150 from each area). These
numbers were designed to allow estimation of the effect of school type attended and
provide a reasonable representation of the children in the city.
A total of 17 primary schools (6 public and 11 private) were selected from the four
geographic areas of the city (north, south, east and west). Sixteen schools agreed to take
part, one private school declined to do so.

All 4 - 5 years old children attending the selected schools were eligible to take part.
Letters were sent to parents through the schools explaining the purpose of the present
study, requesting consent to their child being examined and photographed, and asking
them to complete a short questionnaire.
The study included a clinical examination, photographs of the upper incisor teeth and a
questionnaire to parents.
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3.2.2 Clinical examination

Children were examined in schools for the presence of caries, rampant caries and
erosion. Each child was dentally examined before two photographs of upper incisor
teeth were taken.
Clinical examination was carried out under standardised lighting conditions using a
Daray light (dental model order no. SL400/222 with "G"clamp) used at the brighter of
the two settings. Each child was examined supine with the examiner seated behind the
child (Figure 3). The examiner worked with a trained recorder. Teeth and surfaces were
examined in a standard order and status recorded. Diagnosis was visual with a plane
mouth mirror used to assist visibility and cotton rolls employed to remove any plaque or
debris. A pair of sterile gloves and a set of fresh sterilised instruments were used for
each subject. All teeth and surfaces were examined for caries. Examination for erosion
was confined to primary maxillary incisors.

Method of collecting data
Findings at examination were recorded using the scoring form shown in (Appendix 1).

Criteria for diagnosis of caries
Caries were diagnosed and scored using the BASCD criteria and scoring system.
These are summarised in Table 3.2.
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Table 3.2 Scores and criteria for diagnosis of caries

(PiUs et a! 1997)

Score

Criteria and Diagnosis
o Present and A surface is recorded as sound if it shows no evidence of treated or
Sound untreated clinical caries at the "caries into dentine" diagnostic
threshold. The stages of caries that precede cavitation are excluded.
Thus surfaces with the following defects, in the absence of other
positive criteria, should be coded as sound:
-white or chalky spots;
-discoloured or rough spots;
-stained pits or fissures in the enamel that are not associated
with a carious lesion into dentine;
-dark, shiny, hard, pitted areas of enamel in a tooth showing
signs of moderate to severe fluorosis or other developmental
defect.
________________ All questionable lesions are coded as 0.
1 Caries lesion Arrested dentinal caries.
2 Caries lesion Caries into dentine which is restorable.
3 Caries lesion Caries into the pulp requiring extraction, pulp or root canal treatment.
4 Filled and
A surface which has a filling and a carious lesion will fall into this
Decayed
category unless the canous lesion can be coded as "for extraction or
___________ RCT".
5 Filled
Surfaces containing a permanent restoration of any material are coded
______________ under this category if otherwise sound.
$ Sealant
Sealant code is used only if the surface contains evidence of sealant.
restoration
All occiusal, buccal, and lingual surfaces containing, in the opinion of
the examiner, some type of fissure sealant, but where no evidence of
_______________ a defined cavity margin can be seen are coded here.
6 Missing due Surfaces are coded as missing if the tooth, of which they are a part,
to caries has been extracted because it was carious. Missing deciduous canine
and deciduous molars are included in this category but missing
deciduous incisors are not counted and are coded as permanent teeth,
______________ unerupted (code 8).
8 Unerupted
Surfaces are regarded as unerupted if the tooth, of which are a part,
has not erupted into the mouth. This includes congenitally absent
________________ teeth or teeth missing for reason unknown.

Rampant caries
Rampant caries was defined as occurring when caries affected smooth surfaces of two
or more maxillary incisor teeth (Winter 1971, Holt et al 1982).
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Criteria for diagnosis of erosion
Each maxillary incisor tooth was scored using the scoring system and criteria tested in
the first part of the study and shown in Table 3.3 and Figure 4.

Table 3.3 The scoring system and criteria used for diagnosis of erosion
Score

Criteria

Description

0
Normal, no evidence No loss of enamel surface features, no change of
_______ tooth wear
contour.
1
Tooth wear into enamel Loss of enamel surface features giving a smooth
glazed shiny appearance.
Relatively wide shallow concavities on enamel,
dentine is not involved.
Increased translucency of the tooth due to loss of
enamel thickness.
_____________________ Evidence of "rimming" around the cervical margins.
2
Tooth wear into dentine Extensive loss of enamel with dentine involvement.
Exposure of dentine and/or secondary dentine.
Distinct evidence of "rimming" around the cervical
________ _____________________ margins.
3
Tooth wear into pulp
Extensive loss of enamel and dentine with pulp
________ _____________________ exposure.
9
Cannot be assessed
Extensive caries, large restoration, fractured teeth,
________ _______________________ missing teeth.

Wear for all surfaces was noted but, for the purposes of the study and as in previous
surveys of erosion in primary teeth (O'Brien 1994, Hinds & Gregory 1995, Miliward et
al 1994 a) only that affecting palatal and/or buccal surfaces was scored as erosion, wear
confined to incisal surfaces was considered as being a result of attrition and was
excluded from the analysis.
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Training and calibration
The examiner was trained and familiarised with the examination method and the
diagnostic criteria. Calibration was carried out prior to the study.

Inter-examiner
The clinical examiner (MAM) was calibrated in scoring for caries with an experienced
examiner (RDH) in a series of 30 repeat examinations of children attending two
kindergartens in Jeddah. The estimated kappa value for surfaces diagnosed as carious
was 0.85.

Intra-examiner
Intra-examiner reproducibility of caries, rampant caries and erosion diagnosed at
clinical examination was tested through repeat examination by the researcher on two
occasions separated by two weeks, of 30 children. This yielded a kappa value of 0.96
for surfaces diagnosed as carious, and a kappa value of 0.92 for surfaces diagnosed as
showing erosion.

3.2.3 Photography

Following the clinical examination for caries, rampant caries and erosion, photographs
were taken of the upper incisor teeth. Two photographs were taken, one of the labial and
one of the palatal surfaces of maxillary primary incisors for each child. Palatal views
were taken using a polished steel photographic dental reflector (small size). The
photographic equipment used was a Nikon F-60 1 camera with an Elicar 90 mm macro
lens. This was used with a SUNPAK Auto DX12R Ring Flash at fixed power and with

115

T power source. Films were Kodachrome 64 KR 135-36 P films providing colour
transparencies. Photographs were taken at magnification of 1:1, as close to a 30 degree
angle from the labial surface as possible. Films were developed by Kodak Ltd (P.O Box
2, Deer Park Road, Wimbledon, London, SW19 3 UG). All clinical examinations and
photography were carried out within a 3 month period between 1st September and 30th
November 1998.

3.3 Questionnaire Study

For each child a questionnaire was supplied to parents. The questionnaire included
questions modified from those used in two previous studies of pre-school children
(Hinds & Gregory 1995, Holt et al 1996). A copy is included in (Appendix 2).
General information was sought on the child's age and gender, information was also
sought about any chronic illness and medication taken by the child.
Socio-economic questions included parental occupation and education. The
classification of occupation used was based on that utilised in the Oral Health Survey of
Saudi Arabia in 1991 (Al-Shammary et al 1991) and was analogous to the RegistrarGeneral's Classification of Occupations (Beal 1996). Higher professionals included
doctors, professors, architects and businessmen and professionals included managers
and teachers. Middle class occupations included governmental, private and self
employed and skilled workers. Those classified as having unskilled and other
occupations included military personnel, trade, students, the unemployed and those not
indicating any occupation.
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Dietary information sought included:
1. Infant feeding practices.
2. Past and current intake of drinks including fruit juices, diluted fruit syrups, herbal
drinks and carbonated drinks.
3. Current frequency of selected foods, particularly fruit consumption.
4. Past and current use of sweetened comforters.
Questions were included about the age at which the child's teeth were brushed,
frequency of brushing, with or with out assistance and type of toothpaste used.
The questionnaire was translated into Arabic before being tested in the pilot study.
Minor adjustments to wording were made before the main study. A copy is included in
(Appendix 3).
Questionnaires were distributed to the parents of the children by the school to be
completed before the examination was carried out. The examiner was unaware of the
responses to questions at the time of examination.

3.4 Statistical Analysis

All data were collected and entered into the SPSS program for analysis. Both
descriptive and analytic approaches were used in the data analysis. Tests of the
association between erosion and/or caries and single variables were carried out using
Chi square test. A p-value of less than 0.05 was considered statistically significant. A
non parametric test (Mann Whitney U test) was used to compare mean dmft and dmfs
values.
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For comparison of the sample proportions, standard normal deviation (SND) was
estimated together with 95% confidence intervals. Multi-variate analysis was carried out
using logistic regression analysis for the outcomes of erosion, caries and rampant caries.

3.5 The Pilot Study

The methodology used (including clinical examination, photography and questionnaire)
was tested through a pilot study carried out before starting the survey. This also allowed
testing of data handling and questionnaire and sample size estimation. Thirty children in
two selected schools were included in the pilot study (one of these schools was revisited as part of the main study).
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CHAPTER FOUR
RESULTS
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4.1 Study of exfoliated and extracted teeth
The results of the preliminary visual examination, photographic examination and
microscopic examination are summarised in Tables 4.1 - 4.9.

4.1.1 Preliminary visual examination

Preliminary visual inspection of the teeth was carried out using the scoring criteria
shown in Table 3.1. This system assesses tooth wear, irrespective of its aetiology or
type. All tooth surfaces were examined. Scoring of all teeth had been repeated after a
two day interval to check reproducibility.

Reproducibility of scoring
Results of repeated assessments using visual examination are shown in Table 4.1.
There was agreement in all but one case scored as having erosion into enamel on the
second occasion only. The kappa value was 0.96.

Findings
Findings at the preliminary visual inspection are summarised in Table 4.2. The results
show that on visual examination, 10 of the forty-one teeth appeared to have no
detectable tooth tissue loss, 14 teeth had visible tooth tissue loss extending into enamel,
and 17 teeth had loss that could be seen to extend into dentine. In no case was there a
degree of wear that obviously involved the pulp, although in the case of one tooth (No.
7) there was a localised discoloration indicating its close proximity.
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In describing the teeth, reference was made to the site of tooth wear seen visually. In 27
of the 31 teeth seen to be affected it involved the incisal edge or cuspal tip, and it
involved the palatal surface in 19 teeth.

In relation to tooth type, tooth wear extending into dentine was recorded in 15 of the
incisor teeth (13 central incisor and 2 lateral incisor teeth), and 2 of the canines. Tooth
wear confined to enamel was reported in 10 of the incisors (4 central incisor teeth and 6
lateral incisor teeth) and 4 of the canines.

Using the defined scoring system, 10 teeth had a score of 0 indicating normal
appearance without tooth wear, 14 teeth had a score of 1 indicating tooth wear into
enamel and 17 teeth had a score of 2 indicating tooth wear into dentine.

This study was not confined to caries free teeth. In the case of 15 teeth, caries was
visually obvious. Tooth wear was also visible in 10 of those with caries elsewhere on
the crown. In 6 cases both caries and tooth wear had affected smooth tooth surfaces.
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Table 4.1 Reproducibility of Visual scores

Exam 1 ________
0
__________ Normal
ONormal
9
1 Enamel

Exam 2
2
Dentine

1
Enamel
1
14

3
Pulp

Total
10
14

2 Dentine

17

17

17

41

3 Pulp
Total

9

15

Table 4.2 The Visual Scoring

Slide
Tooth type
Clinical view
Scores With
No_______________ ___________________________________ ________ caries
1
Central incisor Tooth wear into dentine on the palatal
2
_______ ________________ and the incisal surfaces.
________
2
Central incisor Tooth wear into dentine on the palatal
2
_______ _______________ and the incisal surfaces.
3
Central incisor Tooth wear into dentine on the palatal
2
_______ _______________ and the incisal surfaces.
________
4
Lateral incisor Normal, no wear seen,
0
+ caries
_______ ________________ initial proximal caries present.
________ ________
5
Lateral incisor
Tooth wear into enamel on the palatal
1
_______ ________________ and the incisal surfaces.
6
Canine
Normal, no wear seen.
0
7
Central incisor Tooth wear into dentine on the palatal
2
______ ______________ surface (pulp shadow was seen).
_______ _______
8
Central incisor Tooth wear into enamel, with
1
+ caries
_______ _______________ proximal caries present.
________ ________
9
Central incisor Normal, no wear seen,
0
+ caries
_______ _______________ proximal caries present.
________ ________
10
Central incisor Tooth wear into dentine on the incisal
2
_______ ________________ surface.
11
Central incisor Slight tooth wear into enamel on the
1
+ caries
_______ ________________ incisal surface, with initial labial caries. ________ ________
12
Central incisor Normal, no wear seen,
0
+ caries
_______ _______________ labial and proximal caries present.
________ ________
13
Central incisor Tooth wear into enamel on the incisal
1
+ caries
_______ ________________ surface, palatal caries present.
________ ________
14
Central incisor Tooth wear into dentine on the incisal
2
_______ ________________ surface.
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15
Central incisor Severe tooth wear into dentine on the
2
_______ _______________ incisal surface.
16
Central incisor Slight wear into enamel on the palatal
2
surface, severe wear into dentine on the
_______ ________________ incisal surface.
17
Lateral incisor Slight tooth wear into enamel on the
1
_______ ________________ incisal surface.
18
Canine
Slight wear into enamel on the palatal
1
______ ______________ surface and on the cusp tip.
_______ _______
19
Central incisor Tooth wear into enamel on the palatal
1
+ canes
_______ ________________ surface, mesial caries present.
________ ________
20
Lateral incisor Normal, no tooth wear,
0
+ caries
_______ ________________ mesial caries present.
________ ________
21
Canine
Slight tooth wear of enamel on the
1
_______ _______________ palatal surface.
22
Canine
Normal, no tooth wear.
0
23
Lateral incisor
Slight tooth wear of enamel on the
_______ ________________ incisal surface.
24
Central incisor Tooth wear into dentine on the palatal
surface, and into enamel on the incisal
_______ ________________ surface.
25
Lateral incisor Normal, no tooth wear.

1
2

0

26
Lateral incisor Normal, no tooth wear,
0
+ caries
_______ ________________ mesial caries present.
________ ________
27
Central incisor Tooth wear into enamel on the palatal
2
+ caries
surface and into dentine on the incisal
surface, restored buccal cavity present
_______ _______________ with recurrent of caries.
________
28
Lateral incisor
Tooth wear into enamel on the incisal
1
_______ ________________ surface.
29
Lateral incisor Very slight tooth wear into enamel on
I
+ caries
the palatal surface, mesial caries
_______ ________________ present.
________ ________
30
Canine
Very slight tooth wear into enamel on
1
_______ _______________ the palatal surface and on the cusp tip. ________ ________
31
Lateral incisor Normal, no tooth wear.
0
32

Canine

Tooth wear into enamel on the palatal
2
surface, tooth wear into dentine on the
______ ______________ cusp tip.
_______ _______
33
Lateral incisor Very slight tooth wear into enamel on
1
the palatal and the incisal surfaces,
2 small brown spots on the labial
_______ _______________ surface (developmental abnormality). ________ ________
34
Lateral incisor Normal, no tooth wear.
0
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Tooth wear into dentine on the incisal
2
35
Lateral incisor
________ ________
_______ ________________ surface.
Tooth wear into dentine on the disto2
Lateral incisor
36
________ ________
______ _______________ palatal surface.
+ caries
Central incisor Tooth wear into dentine on the palatal
2
37
and incisal surfaces, presence of caries
on the palatal surface, caries on the
________ ________
_______ _______________ labial surface.
Tooth
wear
into
enamel
on
the
cusp
tip.
2
Canine
38
2
+ caries
Central incisor Tooth wear into dentine on the palatal
and incisal surfaces, presence of caries
on the palatal surface, caries on the
________ ________
_______ _______________ labial surface.
+ caries
Central incisor Tooth wear into dentine on the palatal
2
40
and the incisal surfaces,
________ ________
_______ ________________ mesial caries present.
1
+ caries
Slight tooth wear into enamel on the
41
Canine
palatal and the incisal surface,
_______ ________________ mesial caries present.
________ ________
39
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4.1.2 Photographic assessment

Photographs of the 41 teeth were assessed using the same criteria as had been employed
at the visual inspection. They were scored twice, with a two day interval to determine
reproducibility.

Reproducibility of scoring
Data showing reproducibility of scores made from photographs is given in Table 4.3,
and details of findings of the photographic assessment are given in Table 4.4.

Findings
The level of agreement in scoring the presence/absence of wear was the same as that
seen on visual inspection, with agreement in the case of all but one tooth. Agreement as
to the extent of wear was less; 5 teeth were scored as having wear confined to enamel
on the first occasion, but on the second occasion this was scored as extending into
dentine. The estimated Kappa value was correspondingly lower at 0.77.

Results in Table 4.4 show that on photographic examination, 10 teeth were recorded as
normal with no detectable tooth tissue loss, and 31 teeth were recorded as having tooth
wear. Of the thirty-one cases, 14 teeth had tooth tissue loss extending into enamel, and
17 teeth had loss extending into dentine. In the tooth where localised discoloration had
been seen on visual inspection (No. 7), this was also seen photographically.
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The extent of tooth tissue loss was determined using the scores as before. Ten teeth
were awarded a score of 0, 14 teeth a score of 1, and 17 teeth a score of 2. As in the
case of visual inspection, no scores of 3 were recorded.

The caries seen on visual inspection was also obvious on photographs. The site of tooth
wear reported was also the same. Accordingly, 12 teeth were recorded as having wear
affecting incisal edges, 4 teeth were recorded as having loss confined to smooth
surfaces, and 15 teeth were recorded as having both types of wear.
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Table 4.3 Reproducibility of Photographic scores
Exam 1 ________
0
__________ Normal
ONormal
9
1 Enamel

Exam 2
2
Dentine

1
Enamel
1
9

2 Dentine

3
Pulp

Total
10

5

14

17

17

22

41

3 Pulp
Total

9

10

Table 4.4 The Photographic Scoring
Slide
Tooth type
Photographic view
Score With
No________________ _____________________________________ ________ caries
1
Central incisor tooth wear into dentine on the palatal
2
_______ ________________ and the incisal surfaces.
________
2
Central incisor tooth wear into dentine on the palatal
2
_______ _______________ and the incisal surfaces.
________
3
Central incisor tooth wear into dentine on the palatal
2
_______ ________________ and the incisal surfaces.
4
Lateral incisor
No tooth wear,
0
+ caries
_______ _______________ initial proximal caries.
________ ________
5
Lateral incisor
Tooth wear into enamel on the palatal
1
_______ ________________ and the incisal surfaces.
6
Canine
No tooth wear.
0
7
Central incisor Tooth wear into dentine on the palatal
_______ _______________ surface (pulp shadow was seen).
8
Central incisor Tooth wear into enamel on the incisal
_______ _______________ surface, proximal caries present.
9
Central incisor No tooth wear,
_______ _______________ proximal caries present.
10
Central incisor Tooth wear into dentine on the incisal
_______ ________________ surface.
11
Central incisor Slight tooth wear into enamel on the
_______ ________________ incisal surface, initial labial caries.
12
Central incisor No tooth wear,
_______ _______________ labial and proximal caries present.
13
Central incisor Tooth wear into enamel on the incisal
_______ ________________ surface, palatal caries present.
14
Central incisor Tooth wear into dentine on the incisal
_______ ________________ surface.
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2
________ ________
1
+ caries
________ ________
0
+ caries
________ ________
2
1
+ caries
________
0
+ caries
________ ________
1
+ caries
________ ________
2

15
Central incisor Severe tooth wear into dentine on the
_______ _______________ incisal surface.
16
Central incisor Slight wear on the palatal surface and
severe wear into dentine on the incisal
_______ ________________ surface.
17
Lateral incisor
Slight tooth wear into enamel on the
_______ ________________ incisal surface.
18
Canine
Slight wear into enamel on the palatal
______ ______________ surface and on the cusp tip.
19
Central incisor Tooth wear into enamel on the palatal
_______ ________________ surface, mesial caries present.
20
Lateral incisor No tooth wear,
_______ ________________ mesial canes present.
21
Canine
Slight tooth wear into enamel on the
______ _______________ palatal surface.
22
Canine
No tooth wear.
23
Lateral incisor
Slight tooth wear into enamel on the
_______ _______________ incisal surface.
24
Central incisor Tooth wear into dentine on the palatal
surface, tooth wear into enamel on the
_______ ________________ incisal surface.
25
Lateral incisor No tooth wear.

2
________ ________
2

1
________
1
_______ _______
1
+ caries
________ ________
+ caries
0
________ ________
1
0
1
2

0

26
Lateral incisor No tooth wear,
0
+ caries
_______ ________________ mesial caries present.
________ ________
27
Central incisor Tooth wear into enamel on the palatal
2
+ caries
surface and into dentine on the incisal
surface, the presence of restored buccal
_______ _______________ cavity with recurrent of caries.
________ ________
28
Lateral incisor
Tooth wear into enamel on the incisal
1
_______ ________________ surface.
29
Lateral incisor Very slight tooth wear into enamel on
1
+ caries
the palatal surface,
_______ ________________ mesial caries present.
________ ________
30
Canine
Very slight tooth wear into enamel on
1
_______ _______________ the palatal surface and on the cusp tip. ________ ________
31
Lateral incisor No tooth wear.
0
32

Canine

Tooth wear into enamel on the palatal
surface, tooth wear into dentine on the
______ ______________ cusp tip.
33
Lateral incisor Very slight tooth wear into enamel on
the palatal and the incisal surfaces, the
presence of 2 small brown spots on the
labial surface (developmental
______ _______________ abnormality).
34
Lateral incisor No tooth wear.
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2
_______ _______
1

________ ________
0

Tooth wear into dentine on the incisal
2
Lateral incisor
35
________ ________
_______ ________________ surface.
2
Tooth wear into dentine on the distoLateral incisor
36
________ ________
_______ ________________ palatal surface.
+ caries
2
Central incisor Tooth wear into dentine on the palatal
37
and incisal surface, presence of canes
on the palatal surface, caries on the
________ ________
_______ ________________ buccal surface.
2
Tooth wear into enamel on the cusp tip.
Canine
38
Central incisor Tooth wear into dentine on the palatal
and incisal surfaces, presence of caries
on the palatal surface, caries on the
_______ _______________ labial surface.
Central incisor Tooth wear into dentine on the palatal
40
and the incisal surfaces,
_______ ________________ mesial caries present.
Slight tooth wear of enamel on the
Canine
41
palatal and the incisal surfaces,
_______ ________________ mesial caries present.
39

129

2

+ caries

________ ________
+ caries
2
________ ________
+ caries
1
________ ________

4.1.3 Examination of sectioned teeth

Sections of the forty-one teeth were examined under the microscope using the criteria
employed earlier and summarised in Table 3.1. All sections were examined again after
a two week interval, to estimate reproducibility of this form of assessment (Table 4.5).

Reproducibility of scoring
Scores awarded to the forty-one sections were the same on all but two occasions. In
both cases, tooth wear was agreed to have occurred but there was disagreement as to its
extent. It was scored as affecting dentine on the first occasion, but confined to enamel
on the second in each case. The estimate Kappa value for the forty-one repeat
examinations was 0.89.

Findings
Findings at the examination of sectioned teeth are summarised in Table 4.6. Sections of
the forty-one teeth showed where destruction of the enamel had occurred. A tooth was
recorded as normal when enamel was present and an intact smooth surface visible.
Tooth wear was recorded when an irregular surface was seen and where a partial or
complete loss of enamel had occurred. Where diffuse demineralisation was visible
adjacent to an area of tooth wear, this was regarded as being a consequence of erosion.
On microscopic examination, 8 of the teeth appeared to have no detectable tooth tissue
loss, with tooth wear evident in 33 cases.
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In only 4 cases was wear confined to enamel, with 29 cases showing loss of tooth tissue
involving dentine. In no case was pulp exposure obvious. Diffuse demineralisation was
seen in 11 cases with loss of tooth tissue, but not in the remaining 22.

Using the scoring system employed for visual and photographic assessments, 8 teeth
had a score of 0, 4 a score of 1 and 29 a score of 2.

Secondary dentine formation was reported in 17 cases. The caries reported in earlier
examinations was confirmed under the microscope when localised area of
demineralisation were seen.
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Table 4.5 Reproducibility of Microscopic scores
Exam 1 ________
0
1
_________ Normal Enamel
ONormal
8

Exam 2
2
Dentine

3
Pulp

Total
8

1 Enamel

4

2 Dentine

2

27

29

6

27

41

4

3 Pulp
Total

8

Table 4.6 The Microscopy Scoring
Slide
Tooth type
Microscopic view
Score With
No_______________ __________________________________________ _______ caries
1
Central incisor Tooth wear on the incisal and the palatal
2
surfaces into dentine.
Secondary dentine formation was seen.
Demineralisation on the labial and the
_______ _______________ palatal surfaces.
2
Central incisor Tooth wear on the incisal and the palatal
2
surfaces into dentine.
Secondary dentine formation was seen.
Demineralisation on the labial and the
_______ _______________ palatal surfaces.
3
Central incisor Tooth wear on the incisal and the palatal
2
surfaces into dentine.
Secondary dentine formation was seen.
Demineralisation on the labial and the
_______ _______________ palatal surfaces.
4
Lateral incisor Tooth wear on the incisal into dentine.
2
Secondary dentine formation was seen.
______ ______________ Section did not include caries.
______ _______
5
Lateral incisor Tooth wear on the incisal surface extending
1
_______ _______________ into enamel.
Canine
6
Normal, no evidence of tooth wear.
0
7

Central incisor Tooth wear on the palatal surface into
2
dentine. Secondary dentine formation was
_______ _______________ seen.
8
Central incisor Slight tooth wear at the incisal surface into
1
+ caries
enamel. Localised demineralisatjon on the
_______ _______________ palatal and the labial surfaces due to caries. _______ ________
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+ caries
0
Central incisor Normal, localised demineralisation on the
palatal and labial surfaces due to the
______ ________
______ ______________ presence of caries.
2
Central incisor Tooth wear at the incisal surface and on the
10
palatal surface into dentine. Secondary
dentine formation. Demineralisation on the
palatal surface adjacent to eroded area
______ ________
_______ ______________ (appearance typical of erosion).
+ caries
2
Central incisor Tooth wear at the incisal surface into
11
dentine. Secondary dentine formation was
seen. Enamel is thinner on the palatal with
diffuse demineralisation on the palatal
surface. Localised demineralisation on the
_______ ______________ labial surface due to caries.
_______ ________
Central incisor Tooth wear at the incisal surface into
1
+ caries
12
enamel. 3 areas of local demineralisation on
the palatal surface and one on the labial
_______ ______________ surface due to caries.
_______ ________
+ caries
Central
incisor
Tooth
wear
at
the
incisal
surface
into
1
13
dentine. Localised area of demineralisation
on the buccal and on the palatal surfaces due
_______ _______________ to caries.
_______ ________
Central incisor Tooth wear at the incisal edge and on the
2
14
palatal surface into dentine.
______ _______
______ ______________ Secondary dentine formation was seen.
2
Central incisor Severe tooth wear at the incisal edge into
15
dentine. Secondary dentine formation was
seen. Diffuse demineralisation on labial and
_______ _______________ palatal surfaces with irregular surfaces seen. _______ ________
2
Central incisor Severe tooth wear at the incisal and palatal
16
surfaces extending into dentine.
Secondary dentine formation.
Enamel thinner on the palatal surface with
_______ _______________ slight demineralisation present.
_______ ________
2
Lateral incisor Tooth wear at the incisal surface extending
17
into dentine.
_______ ______________ Enamel is thinner on the palatal surfaces.
_______ ________
Tooth wear at the incisal surface extending
2
18
Canine
______ _______
______ _____________ into dentine.
2
+ caries
Central incisor Tooth wear at the incisal into dentine.
19
Localised demineralisation on the labial and
_______ ________
_______ ______________ palatal surfaces due to caries.
0
Lateral incisor Normal, no tooth wear.
20
______ _______
______ ______________ (Section did not include the caries part).
Tooth wear on the incisal surface extending
2
21
Canine
______ _____________ into dentine.
______ _______
0
Normal, no tooth wear.
Canine
22
9
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23
Lateral incisor Tooth wear at the incisal surface extending
______ _____________ into dentine.
24
Central incisor Tooth wear at the incisal and palatal
surfaces into dentine.
Secondary dentine formation.
_______ _______________ No demineralisation seen.
25
Lateral incisor Normal, no evidence of tooth wear.

2
______
2

0

26
Lateral incisor Normal. (the section did not include caries
0
_______ ______________ present on visual examination).
_______ ________
27
Central incisor Tooth wear at the incisal and the palatal
2
+ caries
surfaces into dentine.
Restored labial caries.
______ ______________ Secondary dentine formation was seen.
______ ________
28
Lateral incisor Tooth wear at the incisal surface extending
2
into dentine, slight demineralisation of labial
_______ _______________ surface.
29
Lateral incisor Tooth wear at the incisal surface into
2
_______ _______________ dentine, (the section did not include caries). _______ ________
Canine
30
Tooth wear at the incisal surface into
2
dentine,
_______ _______________ slight demineralisation on the labial surface. _______ ________
31
Lateral incisor Normal, no tooth wear.
0
Crack is present on the incisal surface.
______ _____________ Secondary dentine formation.
______
32
Canine
Tooth wear at the incisal surface into
2
dentine.
Part of the surface loss on the palatal surface
_______ _______________ with demineralisation seen in enamel.
_______ ________
33
Lateral incisor Tooth wear at the incisal surface into
2
dentine. Demineralisation of the labial
_______ _______________ surface.
34
Lateral incisor Normal, no tooth wear.
0
35
Lateral incisor Tooth wear at the incisal surface extending
2
______ _____________ into dentine. Secondary dentine formation. ______ _______
36
Lateral incisor Tooth wear on the palatal surface into
2
dentine. Demineralisation on the labial
surface and slight demineralisation on the
palatal surface next to area of reduced
_______ _______________ enamel thickness.
37
Central incisor Tooth wear of the incisal and palatal
2
+ caries
surfaces into dentine. Secondary dentine
formation. Labial caries with localised
demineralisation. Diffuse demineralisation
on the palatal surface next to area of reduced
_______ _______________ enamel thickness.
Canine
38
Tooth wear into dentine at the cusp tip.
2
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39

Central incisor Tooth wear on the incisal and the palatal
2
+ caries
surface into dentine. Secondary dentine
formation. Localised demineralisation on the
_______ ______________ labial surface due to caries.
40
Central incisor Tooth wear on the incisal and the palatal
2
surfaces into dentine. Secondary dentine
formation.
Demineralisation of the palatal surface next
_______ ______________ to area of reduced enamel thickness.
_______ ________
41
Canine
Tooth wear at the incisal surface into
2
______ _____________ dentine, No obvious demineralisation seen. ______ _______
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The relationship between scores on visual inspection and photographic evaluation is
summarised in Table 4.7, that between visual inspection and those made on examination
of slides in Table 4.8 and that between photographic evaluation and microscopy in
Table 4.9.

Visual vs Photographic Scores
Correspondence between scores at visual inspection and on photographic assessment of
the forty-one teeth were exact. These are shown in Table 4.7.

Visual vs Microscopic Scores
On histological examination it was apparent that of the 10 teeth without tooth surface
loss visually, 1 had evidence of loss extending into enamel, and 1 into dentine. Of the
14 with visual evidence of tooth loss into enamel, dentine was exposed in all but 3
cases. Tooth loss into dentine, was confirmed on microscopy in all 17 cases where it
had been seen visually (Table 4.8).
Using microscopy as the 'gold standard' and wear in enamel as the cut off point, the
sensitivity of visual inspection was 0.94, and the specificity was 1.0. Using wear into
dentine as the cut off point, sensitivity was reduced to 0.58.

Photographic vs Microscopic scores
The results of assessment of photographic examination vs microscopic examination are
shown in Table 4.9. Findings from this Table were similar to those from Table 4.8, and
sensitivity and specificity values were the same.
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Table 4.7 Visual scores Vs Photographic scores
__________
0
__________ Normal
0 Normal
10
Visual

1 Enamel

1
Enamel

Photographic_score
2
Dentine

__________
3
Pulp

14

Total
10
14

2 Dentine

17

17

17

41

3 Pulp
Total

10

14

Table 4.8 Visual scores Vs Microscopic scores
Visual

___________
0
__________ Normal
ONormal
8
1 Enamel

Microscopic score
1
2
Enamel
Dentine
1
1
3

2 Dentine

3
Pulp

Total
10

11

14

17

17

29

41

3 Pulp
Total

8

4

Table 4.9 Photographic scores Vs Microscopic scores
Photo

___________
0
__________ Normal
ONormal
8
1 Enamel

Microscopic score
1
2
Enamel
Dentine
1
1
3

2 Dentine

3
Pulp

Total
10

11

14

17

17

29

41

3 Pulp
Total

8

4
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4.2 The Survey of kindergarten children in Jeddah
4.2.1 The Response

The response to the survey is summarised in Table 4.10. All 4-5 years old children
attending the schools selected were eligible to take part. Forms were therefore sent to
parents of a total of 1554 children. These were returned for 1063. Totals for private and
public schools are given in Table 4.10 and show that a higher proportion of forms were
completed and returned for children at private schools (85% returned) than for those at
public schools (50% returned). Of those children for whom forms were returned, 33
were absent at all visits to the school and 43 were unable to co-operate sufficiently to
take part. Results for the clinical examination therefore relate to the 987 children who
were dentally examined in schools.

Of the children examined, 858 had photographs taken. Of the remainder, the parents of
52 did not consent to this part of the examination and 77 were not able to co-operate

sufficiently. Forty eight children had allowed only one photograph to be taken but 2
were taken for each of the remaining 810 children.

On developing, four films proved partly or wholly unsatisfactory with the result that one
or both photographs proved to be insufficient quality for 131 children. Results for
photographic examination therefore relate to 727 children, each of whom had both
labial and palatal views, 514 of those at private schools and 213 from public schools.
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Table 4.10 The Response to the Survey in 11 Private and 6 publicly Funded
Kindergartens in Jeddah
_________________

Number (&%) of Children __________
Private
Publicly Funded
Total
_________________
Kindergartens
Kindergartens
__________
No. Attending
810
744
1554
Schools____________________ ____________________
No. Returning
691 (85%)
372 (50%)
1063(68%)
Forms
No. Examined
642 (79%)
345 (46%)
987 (64%)
No. Having
586 (72%)
272 (37%)
858 (55%)
Photographs____________________ ____________________ ___________
No. With Two
514 (63%)
213 (29%)
727 (47%)
Satisfactory
Photographs____________________ ____________________ ___________

Results of the Clinical Examination

Results drawn from clinical examination and completed questionnaires for 987 children
attending private and public kindergarten schools in Jeddah are summarised in Tables
4.11 to 4.59 (pages 165 to 196) and Figures 5,6 and 7 (pages 197 to 199).

4.2.2 The Sample

The sample of 987 children included 511 boys and 476 girls. Six hundred and forty two
were from private schools and 345 from kindergartens that were publicly funded. There
was no evidence of any systematic gender difference between the two types of
kindergarten.
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The age groups of the children taking part in the clinical examination are summarised in
Table 4.11. The youngest child was 2 years and 11 months and the oldest 5 years and 9
months at the time of examination. There was a significant difference between schools
in age groups of the children, with a higher proportion of those attending private school
being aged 5, and more of those attending public school aged 4 years of age or less at
their last birthday.

Children from both private and public schools had been included to ensure that the
sample represented a spectrum of social classes. Social class of families was also
measured independently through information regarding occupation of each child's
father and education level of the mothers. This information is summarised in Table 4.12
and 4.13.
Of the total sample, 211 children had fathers from the higher professions and 125 from
other professions. Four hundred and sixty one were classified as from the middle classes
and 190 as having fathers with unskilled or other occupations (Table 4.12).
There were marked differences between schools in relation to occupation of the fathers.
Thus, for example, fathers of 260 (40%) children attending private schools came from
the professions or higher professions, whereas only 76 (22%) of those of children
attending public schools did so.
Almost two thirds (629 children, 64%) of the children's mothers had an education which
included a period of college and sometimes postgraduate education, 258(26%) had been
educated to secondary or high school. Eleven mothers (1%) had received no education
or had either been educated only to primary school level and 89 (9%) did not indicate
the level of education (Table 4.13). There was some difference between the two types
of school in relation to mother's education; slightly more of the mothers whose children
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attended public school than those whose children attended private kindergartens had
been educated to college level and beyond (68% compared to 62%).

4.2.3 Findings at Clinical Examination

I. Erosion
Of the 987 children included in the survey, 309 (31%) had evidence of tooth tissue loss
affecting labial and/or palatal surfaces of one or more of their maxillary incisor teeth at
clinical examination. These children were regarded as having loss that was wholly or
partly a consequence of erosion. In the case of a further 389 (39%) wear was evident but
was confined to incisal edges of the teeth. In the case of these children tooth tissue loss
was regarded as being primarily or wholly a result of attrition and they were excluded
from analysis relating to erosion. Wear involving incisal edges was also seen in 292 of
the 309 with erosion.

For 186 of those with erosion this was scored as being confined to enamel but for 123 it
had extended into dentine and/or pulp of the tooth. Of the 309 children with erosion
180 had central incisors affected, 6 had the lateral incisors only affected and 123 had
erosion affecting both types of incisor teeth.
In relation to surface type, 301 children had erosion affecting palatal surfaces, 1 child
had erosion confined to buccal surfaces and 7 had erosion on both palatal and buccal
surfaces. For those children with erosion, the mean number of teeth affected was 2.7 (±
0.97) per child. The mean number of surfaces affected was the same, at 2.7 (± 1.02) per
child.
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The prevalence and severity of erosion in relation to gender is shown in Table 4.14.
Slightly more boys than girls had evidence of erosion but the difference was small in
real terms and related only to erosion confined to enamel. Neither prevalence nor
severity were significantly related to gender.

Prevalence of erosion in relation to age is shown in Table 4.15. Prevalence showed
some evidence of an increase with age, 164 (2 9%) of those aged 4 or less showed
evidence of erosion compared to 145 (35%) of those aged 5. The trend was apparent in
both erosion confined to enamel and in the case of the more severe type where dentine
and/or pulp were affected. Neither the relationship between prevalence and age, nor that
of it's severity and age were statistically significant.

Prevalence of erosion in relation to school type is summarised in Table 4.16. Because
samples from private and publicly funded kindergartens differed in age structure, age
adjusted estimates are also included. Results suggested that there was little difference in
prevalence between the two school types even when estimates were adjusted for
differences in age distribution. Two hundred and three (3 2%) of the children in private
schools were affected and 106 (31%) of those attending public schools. Equivalent age
adjusted estimates were 32% and 33% for the two types of kindergarten respectively.
Neither proved significantly different.

142

II. Caries
Findings at clinical examination in relation to caries are summarised in Table 4.17 to
4.19. Caries was seen in 720 (73%) of the 987 children examined (Table 4.17). Four
hundred and fifty four (7 1%) children from private schools and 266 (77%) of those from
public schools had some caries experience. Comparison of the proportions with caries at
each school showed the difference of 6% between them to be just significant.

Rampant caries (i.e caries affecting smooth surfaces of 2 or more maxillary incisors)
was diagnosed in 336 (34%) of all the children examined. This total included 199 (3 1%)
children from private schools and 137 (40%) from public schools. As in the case of
caries, comparison of the two sample proportions with rampant caries showed the
difference of 9% between schools to be statistically significant.

Mean dmft for the 987 children was 4.80 (± 4.87) per child and mean dmfs 12.67 (±
15.46) per child (Table 4.18). Caries experience was made up largely of decayed teeth.
These made up an average dt component of 3.97 (± 4.37) per child, 83% of the total
dmft and 9.87 (±13.03) surfaces, 78% of the average dmfs value.
In terms of treatment, more teeth had been filled than extracted, mean ft was 0.51(±
1.54) per child compared to an average mt of 0.32 (± 0.97).
There was a difference between school types in dmft and dmfs (1 .11 in dmft and 2.96 in
dmfs) with lower values for children in private schools. Distribution of dmft and dmfs
values were skew and differences were tested using Mann Whitney 'U' tests. They were
confirmed as statistically significant (P = 0.002 for dmft and P = 0.009 for dmfs)
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Prevalence and severity of caries according to the age group at the time of examination
for the two types of schools are shown in Table 4.19. Prevalence increased with age,
from 61% at age 3 up to 76% in 5 year old children. dmft increased from a mean of 3.6
teeth per child at 3 up to 5.1 at 5 years of age. Similarly dmfs increased from 8.64 to
13.90.

ifi. Erosion and Caries
The relationship between presence of caries and of erosion is shown in Table 4.20,
between presence of rampant caries and of erosion in Table 4.21 and between presence
of caries excluding rampant caries and of erosion in Table 4.22.
Of the 720 children with any caries experience 237 (33%) had evidence of erosion. This
was 6% higher than the 27% of children without caries who had erosion, a difference
that was not statistically significant even when analysis included the severity of erosion.

Fewer children with rampant caries (96 of the 336; 29%) had evidence of erosion
compared to those without this form of disease (213 of 651; 3 3%). This difference was
statistically not significant including when severity of erosion was considered.

In contrast, the relationship between presence of caries excluding rampant caries and of
erosion was statistically significant. Of the 384 children who had caries but not rampant
caries, 141 (37%) had erosion, a significantly higher proportion than the 72 (27%) out
of 267 who were clinically caries free.
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4.2.4 Findings from photographic Examination

Results drawn from assessment of the photographs for erosion are summarised in Tables
4.23 and 4.24. Those derived from clinical examinations of the same children are
repeated in the tables for ease of comparison.
Of the 727 children included in the analysis of photographs, 220 (30%) had
photographic evidence of tooth tissue loss affecting labial and/or palatal surfaces of one
or more of their maxillary incisor teeth (Table 4.23).
Scoring from photographs, 156 (71%) children were scored as having erosion confined
to a score of 1 and 60 (27%) were scored as having evidence of erosion extending into
dentine (score 2). Four children (2%) were seen to have erosion with a score of 3
(involving pulp) from the photographs.
Prevalence estimates derived from clinical examination for the same children were
higher than those for photographs (36% compared to 30%). The difference was seen
especially in prevalence of more extensive erosion extending into dentine (14%
clinically compared to 8% on photographs). There was little difference in the prevalence
of erosion confined to enamel and no difference in the very small numbers with erosion
affecting pulp. The difference when severity scores were taken into account was highly
significant.

Of the 220 children diagnosed from photographs as having erosion 151 had central
incisors affected, 3 had lateral incisors affected and in 66 cases erosion had affected
both types of primary incisor. Estimates for central and lateral incisors alone were
broadly similar to those from clinical examination where 155 had central incisors
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affected, 4 had lateral incisors affected but more (105), were diagnosed clinically as
having erosion affecting both tooth types.

In relation to surface type, 217 children had palatal erosion, 3 had erosion on both
palatal and buccal surfaces and none had buccal erosion diagnosed from photographs.
Clinically 258 of the same 727 children had been diagnosed as having palatal erosion, 6
were diagnosed as having both surface types affected and none had only buccal erosion
affected (Table 4.24).
A total of 545 surfaces were diagnosed from photographs as showing erosion. 405
(74%) were scored as 1, 135 (25%) scored as 2 and 5 (1%) scored 3.
In the same children, 697 surfaces were scored clinically as having erosion, 449 (64%)
as scorel, 241(35%) as score 2 and 7 (1%) as score 3.

Using photographs the mean number of teeth affected per child for all 727 cases was
0.73 (±1.2 1) per child and the mean number of surfaces 0.73 (± 1.22) per child.
For children who had erosion the mean number of teeth affected per child was 2.41 (±
0.88) per child and the mean number of surfaces 2.42 (± 0.90) per child.
This compares to values at clinical examination of teeth affected per child for the 727
cases of 0.98 (± 1.43) teeth and 0.99 (± 1.45) surfaces per child. For children who had
erosion the mean number of teeth affected was 2.71 (± 0.97) and the mean number of
surfaces 2.73 (± 1.03) per child.
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4.2.5 Comparison of teeth and surfaces with information from clinical
and photographic data

Estimates of prevalence alone may mask disagreement. The level of agreement between
clinical versus photographic scoring in terms of subjects with and without erosion and
its severity is shown in Table 4.25 and in relation to surfaces in Table 4.26.

In terms of children affected, agreement was seen in a total of 598 cases (82%).
Agreement was seen in 439 of cases as to no erosion being present (83% of the total
scored as having no erosion), in 104 cases when it was confined to enamel (49% of the
total who had values confined to score 1), in 51 cases when it was confined to dentine
(46% of the total) and in 4 cases when it extended into the pulp (100%).
In 68 cases scored clinically as having erosion it was not detected photographically and
in 24 cases the reverse was true. In 31 cases there was agreement that erosion was
present but it was scored as confined to enamel photographically but extending into
dentine clinically. In 6 cases a child was scored as having more severe erosion using
photographs than clinically. The estimated kappa statistic for subjects was 0.64 when
grading was included and when considering if any erosion was present, it was 0.72.

The level of agreement between clinical versus photographic scoring in terms of
surfaces affected with and without erosion and its severity is shown in Table 4.26.
When the all the surfaces were compared, agreement was seen in 4958 (93%) of the
total of 5322 surfaces. The estimated kappa value was 0.68.
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Agreement was seen in 4576 of surfaces as to no erosion being present (95%), in 265
when it was confined to enamel (45%), in 112 when it was confined to dentine (42%)
and in 5 when it had extended to involve the pulp (100%).

4.3

Results of the questionnaire

For the sake of clarity results for the children at the private and publicly funded
kindergartens have been combined for purposes of relating erosion to potential
aetiological factors. Because they differed not only in social class but also in age of
children attending, kindergarten type was retained as a variable in multivariate analyses.
Results are considered a) in relation to erosion and
b) in relation to caries at clinical examination.

4.3.1 Results of questionnaire in relation to erosion

Measures used for social class were occupation of the child's father and the educational
level of the child's mother. Prevalence of erosion in relation to these two measures is
shown in Tables 4.27 and 4.28.

Social class based on occupation of the child's father:
Sixty (28%) of the children whose fathers were from the higher professions had
erosion, as did 45 (36%) of those from professions, 149 (32%) of those from the middle
class and 54 (28%) of those whose fathers held unskilled or other occupations (Tables
4.27). Differences were not statistically significant.
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Social class based on education level of the child's mother:
The relationship between erosion and the mother's educational level is summarised in
Table 4.28. Erosion was seen in 192 (31%) of those whose mothers had been educated
to college level or beyond and 84 (33%) of those educated to secondary and high school
level. Erosion appeared lowest (27%) among children of mothers with primary or no
education but numbers in this group were very small. Differences in relation to
educational level were not significant. Not all mothers indicated their level of education,
therefore this did not add up to the total in the study.
There was no consistent trend for the prevalence of erosion to relate to social class, with
values ranging from 28% to 36% (for social class based on fathers occupation) and 27%
to 33% (for social class based on mothers education) between different social classes.

Infant feeding:
Of the 987 children included in the study, five hundred and fifty four were both breast
and bottle fed, 260 had been wholly breast fed and 173 wholly bottle fed (Table 4.29).
The relation between feeding type and social class based on father's occupation (Table
4.30) was highly significant, with more of those children from lower social classes
having been wholly or partly breast fed (173 of 260 children (67%) compared to 87 in
higher social classes (34%).
The relation between feeding type and social class based on mother's educational level
(Table 4.31) proved just statistically significant with more of those with mothers with
lower education level having been wholly or partly breast fed ( 90 of 269 children
(34%) compared to 150 of 629 children (24%) with mothers who had reached a higher
educational level.
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Erosion in relation to infant feeding practices is shown in Table 4.29. Little difference
was seen in prevalence of erosion or it's severity between the types of feeding practised.
Erosion was seen in 171 of the children (31%) who were both breast and bottle fed, 84
(32%) of the children who were breast fed only and 54 (31%) of the children who had
been solely bottle-fed. The difference was not statistically significant even when the
severity of erosion was taken into account.

Drinking from a feeding bottle when the child was a baby:
In their replies to the questionnaires 818 of the parents said that their children had
drinks other than milk from the infant feeding bottle when their child was a baby. Six
hundred and eight children had pure fruit juice and 56 children had fruit syrup, 95 had
packed fruit juice and 580 had herbal drinks. In considering the relationship between
having these drinks from the feeding bottle when the child was a baby and erosion
(Table 4.32), a similar prevalence of erosion was seen when pure fruit juice was
consumed (32%) as when it was not (31%). There were large differences in prevalence
amongst those who did and who did not consume fruit syrup, packed fruit juice or
herbal drinks, 45% (fruit syrup), 39% (packed fruit juice), 29% (herbal drinks)
compared to 31%, 31% and 35% respectively. Differences in prevalence between
having and not having each type of drink were not statistically significant with the
exception of that for fruit syrup and for herbal drinks. When differences in the severity
of erosion were considered that for packed fruit juice was also significant.
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Bedtime drinks from a feeding bottle when the child was a baby:
Two hundred and eighty two children had reportedly been given pure fruit juice from a
feeding bottle at bedtime, naptime or during the night, 35 had fruit syrup, 74 had packed
fruit juice, 356 had herbal drinks and 278 had never had any of these drinks at bedtime.
The relationship between each bedtime drink and erosion is shown in Table 4.33.
Erosion was found in ninety six of the children (34%) of those who consumed pure fruit
juice from a feeding bottle, 18 (51%) of those having fruit syrup, 30(41%) of those
having packed fruit juice, 101 (28%) of those having herbal drinks and in 88 (32%) of
those who had never had any of these drinks at bed time. In each case erosion was most
often of the mild form affecting only enamel. Differences between having and not
having each type of drink at bed time were not statistically significant with the
exception of that for fruit syrup.

Bedtime drinking habits at the time of the survey:
The relationship between bedtime drinks at the time of the examination and erosion is
shown in Table 4.34.
At the time of the study 144 of the children had pure fruit juice, 65 had fruit syrup, 108
had packed fruit juice, 15 had herbal drinks and 90 had fizzy drinks at bedtime. Six
hundred and forty eight of the children were not given any particular drink at bedtime of
whom 203 (31%) had evidence of erosion.
A higher prevalence of erosion was seen when fruit syrup was given at bed time than
when pure fruit juice, packed fruit juice, herbal drinks or fizzy drinks were given at this
time (45% compared to 35%, 36%, 40% and 33% respectively for the types of drink).
Differences between having and not having each type of drink at bedtime were not
statistically significant with the exception of that for fruit syrup.

151

Frequency of potentially erosive drinks:
The relationship between frequency of having drinks such as pure fruit juice, fizzy
drinks and diluted fruit syrups, which have been considered as erosive, at the time of the
study and prevalence of erosion is shown in Table 4.35. Not all mothers indicated the
frequency of their children having the selected drinks and number therefore do not
always add up to the total in the study.
There was little obvious difference in prevalence of erosion between those having pure
fruit juices once or twice per day and those having them less often. One hundred and
thirty five children were given pure fruit juices once or twice per week or less, of whom
43 (32%) had evidence of erosion. Amongst the 785 of children who had these once or
more per day 241(31%) had erosion. Differences were seen in relation to fizzy drinks;
496 children had fizzy drinks once or twice per week or less, of whom 138 (28%) had
evidence of erosion. Three hundred and ninety seven children had fizzy drinks at least
once per day or more often, of whom 145 (37%) had evidence of erosion. This
difference was highly significant.
Seven hundred and thirty children drank diluted fruit syrup once or twice per week or
less, of whom 218 (30%) had evidence of erosion. Of the 154 of the children who had
dilute fruit syrup drink once or more per day 59 (38%) had erosion. This difference was
just significant.

Method of drinking:
Mothers were asked about the usual method of drinking used by their child. Answers
are summarised in Table 4.36. Seventy three children were reported to use a feeder cup,
79 a cup with a straw, 519 a cup without a straw and 301 used a cup sometimes with,
and sometimes without a straw. There appeared to be no very marked difference in the
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prevalence of erosion and the way the drink was taken. Prevalence ranged from 30%
amongst those normally using a cup to 34% amongst those using a straw. The difference
in prevalence was not significant even when the severity of erosion was considered. Not
all mothers indicated the method of drinking used by their children, therefore this again
did not add up to the total in the study.

Fruits and food items:
The relationship between frequency of having selected fruits or food items suggested to
be erosive and the prevalence of erosion is summarised in Table 4.37 and 4.38. As in
the case of drinks, a proportion of families failed to indicate the frequency of
consumption and totals are according less than the number of the children taking part in
the study.
Of the fruits selected, the most frequently eaten fruit was apples; more than half the
children (687; 70%) had apples to eat once a day or more often. Oranges were the next
most popular fruit, eaten at least daily by 664 children. Grapefruits were the least
popular, being eaten once a day or more by only 22 children.
Erosion affected 10 of the 22 who ate grapefruits daily or more often but in 8 cases it
was confined to enamel. It also affected 32% of those consuming oranges once a day or
more, 31% of those eating apples daily, 31% of those eating dates daily and 30% of
those who ate other fruits (such as water melon, melon, bananas, guava or pears) every
day or more. None of the differences between those who consumed each fruit at least
daily and those having them less often were statistically significant.
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Information about consumption of series of selected food items including tomato
ketchup, olives and pickles, fruit yoghurt, and mayonnaise was also related to
prevalence of erosion.
More than half of the children (591) had tomato ketchup at least daily, fewer (433) had
fruit yoghurt, less than a third (202) had olives and pickles and only 177 children had
mayonnaise every day. The highest prevalence of erosion was seen amongst children
who had mayonnaise every day, 64 (36%) of this group showed erosion.
None of the differences between those who consumed each food item at least daily and
those having them less often were statistically significant. The same was true when the
severity of erosion was considered.

Iron and Vitamin C supplements:
Sixty four of the children were reported to have regular dietary iron supplements and 54
were reported to have regular Vitamin C. The relationship between having iron or
Vitamin C supplements and the prevalence of erosion is shown in Table 4.39.
It was found that just over half (28 of the 54) of the children having Vitamin C had
erosion and half of these (14) had erosion of the severe form extending into dentine
and/or the pulp. The relationship between use of Vitamin C supplements and the
prevalence of erosion was statistically highly significant.
Eighteen of those having iron supplements had evidence of erosion. The difference in
prevalence in relation to iron supplements was statistically not significant.

Use of dummies dipped in honey or syrup:
Two hundred and fifteen of the 987 (22%) children who took part in the study had been
given a dummy dipped in honey or sugary syrup (Table 4.40). Of these 64 (30%) had
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erosion, compared to 244 (3 2%) of the 772 who had not done so. The relation between
using dummies dipped in sugary syrup and erosion was not significant.

Tooth brushing:
Oral hygiene habits of the children that were investigated included frequency of
brushing, age at which the child started brushing and whether brushing was carried out
with help or without (Table 4.41). Not all mothers responded to these questions, so
again totals did not add up to the total in the study.
Seven hundred and sixty eight children had their teeth brushed every day and for 181
this was done occasionally. Amongst those who brushed daily, 238 (31%) had erosion.

This compared to 59 (33%) of those whose teeth were brushed occasionally. This
difference was not significant.

Two hundred and fifty seven of the children had started to brush their teeth before the
age of 12 months and 693 after the age of 12 months. Little difference was seen in
prevalence of erosion when the habit started late compared to when it started earlier
(32% compared to 31%). Again the difference was not significant.

Five hundred and forty children were reported to brush with help on most occasions but
409 children brushed alone without help. Again, little difference was seen in prevalence
of erosion when the child brushed with assistance or without (31% compared to 32%).
The relation between brushing with help or alone and erosion was statistically not
significant.
None of the oral hygiene practices showed a statistically significant relation to erosion.
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Multi-variate analysis

Multi-variate analysis was carried out using a stepwise multiple logistic regression to
determine the factors which were independently related to the aetiology of erosion when
others were held constant. Table 4.42 summarise findings when all children were
included.
All variables were first considered and those failing to show a significant relationship to
erosion then removed in stepwise fashion. The final model summarised in the Table
showed the factors that remained as statistically significant were use of Vitamin C
supplements (OR=2.6), the consumption of fruit syrup at bed/nap time when the child
was a baby (OR=2.3) and frequent use of fizzy drinks at the time of the study (1-2 or
more /day compared to 1-2 /week) (OR=1.5). Confidence intervals showed that in the
case of Vitamin C and bedtime fruit syrup the OR in the population might have been as
high as 4.7 and that for frequency of fizzy drinks as high as 1.9.

In this analysis caries did not emerge as a significant variable but Table 4.43
summarises findings when children with rampant caries were excluded. In these
circumstances, caries proved to be a significant risk factor. The odds of having some
erosion in children with caries excluding rampant caries was 1.5 and confidence
intervals suggested the risk may have been as great as 2.1. Risk factors seen in the
analysis for all children again emerged as significant when those with rampant caries
were excluded.
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4.3.2 Results of questionnaire in relation to caries
Results of the questionnaire related to erosion were also related to caries and rampant
caries.

Social class based on occupation of the child's father:
Prevalence of caries and of rampant caries in relation to social class is shown in Table
4.44. The lowest prevalence of caries was seen in children from higher professional
families. Prevalence in children from other social classes was little different. A similar
pattern was seen in relation to rampant caries, with fewer children from higher
professional families showing evidence of rampant caries. Differences in relation to
social class were statistically significant for caries but not for rampant caries.

Social class based on education level of the child's mother:
The relationship between caries, rampant caries and the mother's education is
summarised in Table 4.45. Trends were stronger than those seen in relation to social
class, based on the father's occupation. The lowest levels of disease were seen amongst
children of mothers educated to a college level or beyond. This was highly significant
for both caries and for rampant caries.

Infant feeding:
The numbers (and percentages) of children with caries and with rampant caries in
relation to type of infant feeding are shown in Table 4.46.
The prevalence of both caries and rampant caries were lowest amongst children who
had been wholly bottle fed (65% were affected by caries and 27% by rampant caries)

157

and highest in those who had been breast fed (77% had caries and 40% had rampant
caries).
The difference in relation to feeding type was significant for both caries and rampant
caries. For those wholly or partly breast fed prevalence of caries increased consistently
with increase in duration of breast feeding (Table 4.47). Sixty eight percent of the 194
breast fed for 4 months or less had caries, compared to 80% of those breast fed for more
than one year. The same was true for rampant caries; children breast fed for less than 1
year had rampant caries less often than did those breast fed beyond that age.

Drinking from a feeding bottle when the child was a baby:
In considering the relationship between having specific types of drinks from a feeding
bottle when the child was a baby and caries and rampant caries (Table 4.48), a similar
prevalence of caries was seen when pure fruit juice, packed fruit juice or herbal drink
was consumed (73% to 77%). There was higher prevalence of caries amongst those
were reported to have consumed fruit syrup (82%). The same was true for rampant
caries, although the number of children was small, but in neither case were differences
statistically significant.

Bedtime drinks from a feeding bottle when the child was a baby:
The relationships between drinks given more specifically at bedtime when the child was
a baby and caries and rampant caries are shown in Table 4.49. Caries was found in two
hundred and twelve (75%) of those who consumed pure fruit juice from a bottle at
bedtime, 28 (80%) of those having fruit syrup, 60 (8 1%) of those having packed fruit
juice, 258 (73%) of those having herbal drinks and in 202 (73%) who had never had any
of these drinks at bed time had caries.
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The prevalence of rampant caries was higher in children having packed fruit juice
(45%) than when pure fruit juice, fruit syrup or herbal drinks was consumed (3 8%, 31%
and 34% respectively). The difference in rampant caries in relation to packed fruit juice
was just statistically significant.

Bedtime drinking habits at the time of the survey:
The relationship between bedtime drinks at the time of the study, caries and rampant
caries is shown in Table 4.50.
A similar prevalence of caries was seen when pure fruit juice, fruit syrup, packed fruit
juice or fizzy drinks were given at bedtime at the time of the study (between 81% and
84%). A lower prevalence of caries was seen when herbal drinks were given (60%) but
only 15 children were given herbal drinks at bedtime.
Although prevalence had been similar for all types of drink, differences between those
who did and those who did not have each type were statistically significant for all, with
the exception of herbal drinks.
The highest prevalence of rampant caries was seen in children who consumed fizzy
drinks at bedtime at the time at the study (46%), followed by those who had packed fruit
juice (44%). This was in turn higher than children who consumed drinks such as pure
fruit juice and diluted fruit syrup (38% and 40% respectively). Differences were
statistically significant for both fizzy drinks and packed juices. Although the number of
the children involved was small, again the lowest prevalence of the disease was seen in
children who consumed herbal drinks at bedtime (20%).
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Frequency of current drinks:
The relationship between current frequency of having drinks such as pure fruit juice,
fizzy drinks and diluted fruit syrups and prevalence of caries and rampant caries is
shown in Table 4.51.
There was little obvious difference in prevalence of caries between those having pure
fruit juices once or twice per day and those having these drinks less often. One hundred
and thirty five children were given pure fruit juices once or twice per week or less, of
whom 100 (74%) had evidence of caries, amongst the 785 of children who had these
once or more per day 564 (72%) had caries. The difference was not significant.
Differences were more apparent in relation to fizzy drinks; 496 children had fizzy
drinks once or twice per week or less, of whom 342 (69%) had evidence of caries. Three
hundred and ninety seven children had fizzy drinks at least once per day or more often,
of whom 300 (76%) had evidence of caries. The difference was significant.
Seven hundred and thirty children drank diluted fruit syrup once or twice per week or
less. Of these 508 (70%) had evidence of caries; whereas of the 154 of the children who
had these once or more per day 126 (82%) had caries. This difference was highly
significant.
Similar trends were seen in rampant caries as in caries in relation to fizzy drinks. Thus
28% of those who had these once or twice per week or less showed rampant caries
compared with 40% of those having fizzy drinks at least daily. The difference was also
highly significant.
In relation to diluted fruit syrup 31% of those who had this type of drink once or twice
per week or less had rampant caries compared with 39% of those having diluted fruit
syrups once a day or more. The difference was not significant.
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Method of drinking:
The method of drinking used by the child in relation to caries and rampant caries is
shown in Table 4.52. There appeared to be little difference in the prevalence of caries
and the way the drink was taken. Prevalence of caries ranged from 69% amongst those
normally using a feeder cup to 74% amongst those using both cup with and without
straw, but the differences were not statistically significant.
The prevalence of rampant caries was higher amongst those currently using a feeder cup
(43%) compared to other methods (32%, 35% and 30%), but the difference again was
not significant.

Fruits and food items:
The relationship between frequency of having selected fruits or food items and the
prevalence of caries and rampant caries is summarised in Table 4.53 and 4.54.
Caries was highest amongst those who ate dates once or more often per day than
amongst those who ate other fruit. Caries affected 336 children out of 426 (79%) who
ate dates once daily or more.
The same was true for rampant caries, the prevalence was higher amongst those who
consumed dates once daily or more often than amongst those who consumed dates less
often (38% compared to 3 1%). The differences for other fruits were smaller.
Differences between those having fruits more and less often were not statistically
significant except for that seen for dates which appeared to be highly significant for
caries and significant for rampant caries and for grapes which appeared to be just
significant for caries but not significant in relation to rampant caries.
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No differences were seen in prevalence of caries between those having tomato ketchup,
olives and pickles, fruit yoghurt and mayonnaise once or more often per day or less than
that. The same was true for rampant caries (Table 4.54).

Iron and Vitamin C supplements:
The relationship between having iron or Vitamin C supplements and the prevalence of
caries and rampant caries are shown in Table 4.55.
Forty four children (69%) out of 64 children having iron supplements had caries, and 20
(31%) had rampant caries. Differences between these and other children were not
statistically significant for caries or for rampant caries.
Thirty four (63%) of the 54 of the children having Vitamin C had caries and 12 (22%)
had rampant caries. Again differences between these and other children were not
statistically significant for either caries or rampant caries.

Use of dummies dipped in honey or syrup:
Two hundred and fifteen of the 987 (22%) children who took part in the study had been
given a dummy dipped in honey or sugary syrup (Table 4.56). Of these 190 (88%) had
caries, compared to 528 (68%) of the 772 who had not done so. Of the group having
dummies 125 (58%) children had rampant caries compared to 210 (27%) who had not
used this form of comforter. The relationship between using dummies dipped in sugary
syrup and caries was highly significant. The same was true for rampant caries.
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Tooth brushing:
The relationship between oral hygiene habits of the children and caries and rampant
caries is shown in Table 4.57.
Amongst those who brushed daily, 544 (7 1%) had caries and 248 (32%) had rampant
caries. These values compared to 148 (82%) of those whose teeth were brushed
occasionally who had caries and 73 (40%) who had rampant caries. This difference was
statistically highly significant for caries and for rampant caries it was just significant.
Two hundred and fifty seven of the children had started to brush their teeth before the
age of 12 months and 693 after the age of 12 months. Higher caries prevalence (76%)
was seen when the habit started late compared to when it started earlier (65%). Oral
hygiene habits in terms of the age at which the child started to brush their teeth showed
a statistically significant relationship to both caries and rampant caries.

Five hundred and forty children were reported to brush with help on most occasions but
409 children brushed alone without help. Higher caries levels were seen when the child
brushed alone without assistance (77% compared to 70%). The reverse was true for
rampant caries (32% compared to 3 5%). The relation between brushing with help or
alone and caries was statistically significant, but not that with rampant caries.
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Multi-variate analysis

As for erosion multi-variate analysis was carried out using a stepwise multiple logistic
regression to determine the strongest factors related to the outcomes of caries and
rampant caries (Table 4.58 and 4.59).
More factors related to caries than erosion. The final model showed that factors related
to aetiology of caries were using a dummy dipped in honey or a sugary syrup (OR=3.2),
the consumption of fruit syrup when the child was a baby (OR=3.1), the frequency of
use of diluted fruit syrup drinks at the current time (OR=2.1), school type (OR=1.9), the
age at which the child start to brush his/her teeth (OR=1 .8), the consumption of pure
fruit juices at the time of the survey (OR=1.7), the mother's educational level (OR=1.6),
whether the child brushed his/her teeth with help or without (OR= 1.6) and the age of the
child (OR=1.5).

The final model related to aetiology of rampant caries were using dummy dipped in
sugary syrup (4.3), the use of Vitamin C (OR=2.3), school type (OR=2.l), mothers
educational level (OR=1.7), frequent of use of fizzy drinks at current time (OR=1.7),
time the child start to brush his/her teeth (OR=1.6), feeding type (OR=1.5), age of the
child (OR=1 .4).
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Table 4.11 Number and age of children included from private and public schools

Age Group
____________________
3 yr

Number & (%) of children
Private
Public
Total
Schools
Schools
_______________
47 (7.3)
66 (19.1)
113 (11.4)

4 yr

245 (38.2)

214 (62.0)

459 (46.5)

5yr

350 (54.5)

65

(18.8)

415 (42.0)

Total

642 (100)

345 (100)

987 (100)

SND for proportions aged 4 yr or less and 5 yr or more = 10.82 P<0.001
(95% confidence interval for difference = 0.29 - 0.42)
Table 4.12 Numbers of children in relation to school type and fathers' occupation
Fathers'
Occupation
High Professionals

Number & (%) of children
Private
Public
Total
Schools
Schools
____________
168 (26.2)
43 (12.5)
211 (21.4)

Professionals

92

(14.3)

33 (9.6)

125 (12.7)

Middle Class

272 (42.4)

189 (54.8)

461 (46.7)

Unskilled and Others

110 (17.1)

80 (23.2)

190 (19.2)

Total

642 (100)

345 (100)

987 (100)

for difference between occupation and school type = 35.42 P<0.00 1)
Table 4.13 Numbers of children in relation to school type and level of mothers'
education
Level of Mothers'
Education
_________________________
College or Postgraduate
Secondary or High school

Number & (%) of children
Private
Public
Total
Schools
Schools _______________
395 (61.5)
234 (67.8)
629 (63.7)
187 (29.1)

Primary and no education 4

71 (20.6)

258 (26.1)

(0.6)

7 (2.03)

11

(1.1)

Level not indicated

56 (8.7)

33 (9.6)

89

(9.0)

Total

642 (100)

345 (100)

987 (100)

(x2 for difference between level of mothers' education and school type = 11.67 P<0.0 1)
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Table 4.14 Relationship between gender of children, prevalence and severity of
erosion
________ _________ ___________ Number & (%) of children
Erosion Scores
No of
With no
With any
confined to confined to
Children
erosion
erosion
_________ __________ _____________ ____________
score 1
score 2 +
Male
511
342 (66.9)
169 (33.1)
110 (21.5)
59 (11.5)
Female

476

336 (70.6)

140 (29.4)

76 (16.0)

64 (13.4)

Total

987

678 (68.7)

309 (31.3)

186 (18.8)

123 (12.5)

Table 4.15 Relationship between age of children, prevalence and severity of erosion
__________ ________ ___________ Number & (%) of children
Erosion Scores
No of
With no
With any
Age Group Children
confined to
confined to
erosion
erosion
____________ __________ ____________
_____________
score 1
score 2 +
3 yr
113
82 (72.6)
31(27.4)
17 (15.0)
14 (12.4)
4 yr

459

326 (71.0)

133 (29.0)

83 (18.1)

50 (10.9)

5 yr

415

270 (65.1)

145 (34.9)

86 (20.7)

59 (14.2)

Total

987

678 (68.7)

309 (31.3)

186 (18.8)

123 (12.5)

Table 4.16 Prevalence of erosion in relation to school type and estimated age
adjusted prevalence

_______________________
No erosion

Number & (%) of children
Private
Public
Total
Schools
Schools
_____________
439 (68.4)
239 (69.3)
678 (68.7)

Any erosion

203 (31.6)

106 (30.7)

309 (31.3)

Total

642 (100)

345 (100)

987 (100)

Age adjusted prevalence

203 (31.6)

114 (33.4)

317 (32.1)
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Table 4.17 Number of children with caries and rampant caries in relation to
school type
Number & (%) of Private Schools Public Schools
Both Schools
Children_____________ _____________ ______________
Number in group
642
345
987
720
(72.9)*
No (%) with Caries
454 (70.7)
266 (77.1)
No (%) with •
199 (31.0)
137 (39.7)
336 (34.0)
RampantCaries
_______________ _______________ ________________
* SND for difference in proportions = 2.15 P<O.05
(95% confidence interval for difference = 0.057 to 0.12)
** SND for difference in proportions = 2.75 P<0.01
(95% confidence interval for difference = 0.025 to 0.149)

Table 4.18 Mean (±SD) dmft and dmfs and components for children in relation to
school type
_________________ Private Schools
No of Children
642

Public Schools
345

Total
987

Mean dmft (±) SD

4.41 (±4.64)

5.52 (±5.22)

4.80 (±4.87)*

dt

3.54 (4.O7)

4.76 (±4.78)

3.97 (±4.37)

mt

0.32 (±0.94)

0.32 (±1.03)

0.32 (±0.97)

ft

0.55 (±1.59)

0.43 (±1.46)

0.51 (±1.54)

Mean dmfs (±) SD

11.64 (±14.53)

14.60 (±16.91)

12.67 (±15.46)**

ds

8.72 (±11.90)

12.01 (±14.69)

9.87 (±13.03)

ms

1.3 (±3.83)

1.34 (±4.30)

1.33 (±3.99)

fs

1.60 (±5.18)

1.24 (±4.90)

1.48 (±5.09)

Mann-Whitney tests for differences
* dmft P = 0.002
** dmfs P =0.009
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Table 4.19 Prevalence and severity of caries according to age group
Age
Private Schools Public Schools
Group_______________ _____________ _____________
Number in Group
47
66

Both
113

3 yr No (%) with canes 22
(47%)
47 (71%)
dmft (±) SD
4.52 (±5.13)
2.30 (±3.80)
_______
dmfs (±) SD
5.60 (±11.01) 10.82 (±14.87)
Number in Group
245
214

69 (61%)
3.59 (±4.74)
8.64 (±13.59)

4 yr No (%) with canes
dmft (±) SD
________
dmfs (±) SD
Number in Group

335 (73%)
4.82 (±4.89)

5 yr
______

171 (70%)
164 (77%)
4.19 (±4.48)
5.55 (±5.24)
10.71 (±13.37) 14.67(±17.1 1)
350
65

No (%) with canes 261 (75%)
55
(85%)
dmft(±)SD
4.85 (±4.77)
6.43 (±5.10)
dmfs(±)SD
13.10 (±15.46) 18.22 (±17.62)
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459

12.56(±15.33)
415

316 (76%)
5.09 (±4.85)
13.90(±15.90)
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Table 4.23 Prevalence and severity of erosion measured from photographs and
clinically for 727 children
__________
With no
erosion

_________
Number & (%) of children
Erosion
Erosion
Erosion
With any confined to confined to including
erosion
score 2
score 3
score 1

Photographic
156 (21.5)
4(0.6)
220 (30.3)
60 (8.3)
507 (69.7)
Scores______________ _____________ ______________ ______________ ____________
Clinical
101 (13.9)
4 (0.6)
264 (36.3)
159 (21.9)
463 (63.7)
Scores_____________ ____________ _____________ _____________ ___________
SND for difference in proportions with erosion using photographic and clinical scores = 2.45
(95% confidence interval for difference = 0.0 12 to 0.109)
p< 0.05
2
for difference in severity of erosion = 379.951 P <0.001

Table 4.24 Prevalence of erosion in relation to tooth type and surface type
affected measured from photographs and clinically for 727 children
Number of children
Teeth Affected
Surfaces_Affected
Lateral
Both
Palatal
Buccal
Both
Central
incisors types of surfaces surfaces surface
incisors
only
types
only
incisor
only
only

______________
Photographic
66
217
0
3
151
3
Scores____________ __________ __________ __________ ___________ __________
Clinical
4
105
258
0
6
155
Scores____________ __________ __________ __________ __________ __________

Table 4.25 Child prevalence and severity of erosion measured from photographs
and clinically for 727 children
Number of Children
Clinical Scores ___________ _________
Erosion
Erosion
Erosion
Total
Score 3 ________
Score 1
Score 2

___________
With no
_________ Erosion
- With no
19
507
439
49
Erosion___________ _____________ _____________ __________ _________
Erosion
156
104
31
21
Score 1
__________ _____________ _____________ __________ ________
V
Erosion
60
51
6
3
'
Score2
Erosion
4
4
__________ _____________ _____________ __________ ________
Score 3
727
101
4
159
463
- Total
kappa value=0.64
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Table 4.26 Tooth surface prevalence and severity of erosion in lateral and central
incisors measured from photographs and clinically for 727 children
Number of Tooth Surfaces
__________
Clinical Scores __________ ________
With no
Erosion
Erosion
Erosion
Total
_________ Erosion
Score 1
Score 2
Score 3 ________
- With no
4576
165
36
4777
Erosion__________ ____________ ____________ __________
Erosion
47
265
93
405
________
Score 1 __________ ____________ ____________ __________
Erosion
2
19
112
2
135
'
Score2
Erosion
5
5
Score 3 __________ ____________ ____________
4625
- Total
449
241
7
5322
kappa value = 0.68
x2- 8236.33 P = 0.000

172

.3 +c

'

r'

C

N

N—

C

-'
\O ,'
00.-.
O 00
0
00
— —'-I— N''—
—
''
'N
Cej
C

I-

N

C
CO

,-' .-.

N — ro o6
o
— — —

'-, -, -,

—N

000
C
—
—

= = = =
CC ': q CI
00
N 00 -

C •
z -

0

, -, '-..
—
N—
N en t- —

c,2

©

C
C
.C

Cci)

d

'C
C
C
—

-r __

C

ci)
C

C
CC

1

ci)

C

C
C
C

'

.

r- 'fl
—
—
.- 1. '...
'._
'.'

CC
C©
.C'
C

C

'r

.
—

0

•

00

O 00

— 'r t-Z .- o6
t- '..o o r- o
'•
''
—
N '-,
\O _,
0
—
en r-.
— 00 en — ,O

LN

CC en 'R
C
N C —
•

en

en en

EC '-. '-•

CC
C©

. I:- 0 00
\O '0 O

'.-' I.'' r''
.
00 r-

en —
. '0

L•1

C

C
o " — ',- —

C
— N \C O\
—
—

ci)

ci)
—
C ,
-

I

.

ci

.

c
C ,;

C
00

— 00 C 00

N C\

z
—
0
CC
C .0 e
-ci) C
. 'C
0 —
0 C 'C C —
'C
C
C
C 0 —
.C

—

.-' ,-'
-

- - N

-4 -4 -

0 U- 00 - N
-4

0
.0
0

0

__

__
r

C\ 00
00
a.4- - - -

=

0 '- -'
0

.

,

•

r

- N
fl
'_
•i

=

•

—
-

-

en
'_. '-.
—

ig 00 - en

00
'© 00 r- C\ 00

,o 'o
-, '-, '-,
en 00

IN

- N 00 r- - en O

0

IN en o
c- ..o
'

-

—

N

r) 00

—

Table 4.30 The relationship between feeding type and social class based on
fathers' occupation
________________ _________
Number & (%) of children
Fathers'
No of
Bottle
Breast
Both
OccupationChildren __________ ___________ ___________
High
211
19 (9.0)
53 (25.1)
139 (65.9)
Professionals_____________
Professionals
125
26 (28.8)
34 (27.2)
65 (52.0)
Middle class
461
77 (16.7)
129 (28.0)
255 (55.3)
Unskffled and
190
51(26.8)
44 (23.2)
95 (50.0)
Others___________ _____________ ______________ ______________
Total
987
173 (17.5)
260 (26.3)
554 (56.1)
( 2 for difference between feeding type and social class = 25.73 P< 0.00 1)

Table 4.31 The relationship between feeding type and social class based on
mothers' education
__________________ _________
Number & (%) of children
Mothers'
No of
Bottle
Breast
Both
EducationChildren _________ ___________ ___________
Primary and
11
2 (18.2)
3 (27.3)
6 (54.5)
no_education
__________ __________
Secondary and High
258
40 (15.5)
87 (33.7) ____________
131 (50.8)
School__________ __________
_____________
College and
629
102 (16.2)
150 (23.8) ____________
377 (59.9)
Postgraduate__________ __________ _____________
Total
898
144 (16.0)
240 (26.7)
514 (57.2)
( 2for difference between feeding type and mothers education 9.46 P=0.05)
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Table 4.44 The relationship between social class based on fathers' occupation,
caries and rampant caries
_______________________ _________ I
Fathers'
No of
Children
Occupation
High Professionals
211
Professionals
125
Middle class
461
Unskilled &Others
190
Total
987

Number & (%) of children
With
With
Caries*
Rampant Caries
138 (65.4)
59 (28.0)
95 (76.0)
44 (35.2)
341 (74.0)
166 (36.0)
146 (76.8)
67 (35.3)
720 (72.9)
336 (34.0)

(x2 for difference in prevalence of caries = 8.38 P <0.01)

Table 4.45 The relationship between social class based on mothers' education,
caries and rampant caries
Number & (%) of children
______________________ _________ I
Level of Mothers'
No of
With
With
Caries*
RampantCaries**
Education
Children
CollegeandPostgraduate
629
441(70.1)
191(30.4)
Secondary and High
258
209 (81.0)
111(43.0)
School__________ _______________ __________________
Primaryandnoeducation
11
10(90.9)
7(63.6)
Total
898
660 (73.5)
309(34.4)
* (x2 for difference in prevalence of caries = 12.89 P< 0.01)
** (x 2 for difference in prevalence of rampant caries = 17.20 P< 0.00 1)
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Table 4.46 The relationship between feeding type, prevalence of caries and
rampant caries
Feeding Type
________________

Bottle
Breast
Both
Total
* (2
**

I

No of
Children
173
260
554
987

Number & %) of children
With *
With
RampantCaries**
Caries
113 (65.3)
46 (26.6)
199 (76.5)
105(40.4)
408(73.6)

185(33.4)

720(72.9)

336(34.0)

for difference in prevalence of caries

= 6.94 P<0.0 1)
for
difference
in
prevalence
of
rampant
caries = 9.04 P=0.01)
(x2

Table 4.47 The relationship between duration of breast feeding, prevalence of
caries and rampant caries
_______________________
Duration of breast feeding
No of
__________________________ Children
2weeks-4months
194
4months-6months
107
6months-iyear
152
181
lyear-^2years
Noanswer
180
Total
814

_________

(x2 for difference in prevalence of caries

=

Number & (%) of children
With
With
Caries*
RampantCaries
131 (67.5)
64(33.1)
79(73.8)
31(29.1)
120(78.9)
51(33.6)
145(80.1)
78(43.1)
--475
224

9.62 P=0.022)
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Table 4.48 The relationship between drinks from a feeding bottle when the child
was a baby, prevalence of caries and rampant caries
_______________________ _________ Number & (%) of children
No of
With
With
Drink Type
_________________________ Children
Caries
Rampant Caries
Pure Fruit Juice
442 (72.7)
608
202 (33.2)
Fruit Syrup
56
46 (82.1)
21 (37.5)
Packed Fruit Juice
95
33 (34.7)
73 (76.8)
Herbal Drinks
580
421 (72.6)
187 (32.2)
One or more of the above
818
590 (72.1)
265 (32.4)
None of the above
169
130 (76.9)
71 (42.0)

Table 4.49 The relationship between bedtime drinks given as a baby, prevalence of
caries and rampant caries
_______________________ _________
No of
Drink Type
_________________________ Children
PureFruitJuice
282
Fruit Syrup
35
Juice*
Packed Fruit
74
Herbal Drinks
356
None of the above
278

Number & %) of children
With
With
Caries
Rampant Caries
212 (75.2)
108 (38.3)
28 (80.0)
11 (31.4)
60 (81.1)
33 (44.6)
258 (72.5)
121 (34.0)
202 (72.7)
96 (34.5)

* SND for difference in proportions with rampant caries and having / not having packed fruit
juice = 1.99 (P< 0.05)
(95% confidence interval for difference = 0.002 to 0.226)
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Table 4.50 The relationship between bedtime drinks at the time of the study,
prevalence of caries and rampant caries
_________________________ __________ I _Number & %) of children
No of
With
With
Drink Type
Caries
__________________________ Children
Rampant Caries
Pure Fruit Juice
144
54 (37.5)
116 (80.6)
Fruit Syrup
65
54 (83.1)
26 (40.0)
Packed Fruit Juice
108
91 (84.3)
47 (43.5)
Herbal Drinks
15
9 (60.0)
3 (20.0)
Fizzy drinks
90
75 (83.3)
41 (45.6)
None of these drinks
648
462 (71.3)
213 (32.9)
SND for difference in proportions with caries and having / not having pure fruit juice at
bedtime currently = 2.26 (P< 0.05)
(95% confidence interval for difference = 0.012 to 0.169)
SND for difference in proportions with caries and having / not having fruit syrup at bedtime
currently = 4.82 (P< 0.00 1)
(95% confidence interval for difference = 0.065 to 0.155)
SND for difference in proportions with caries and having / not having packed fruit juice at
bedtime currently = 2.83 (P< 0.01)
(95% confidence interval for difference = 0.039 to 0.2 17)
SND for difference in proportions with caries and having / not having fizzy drinks at bedtime
currently = 2.34 (P< 0.05)
(95% confidence interval for difference = 0.053 to 0.211)
SND for difference in proportions with rampant caries and having I not having fizzy drinks at
bedtime currently = 2.39 (P< 0.05)
(95% confidence interval for difference = 0.022 to 0.228)
SND for difference in proportions with rampant caries and having / not having packed fruit
juice at bedtime currently = 2.18 (P< 0.05)
(95% confidence interval for difference = 0.0 10 to 0.200)
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Table 4.51 The relationship between frequency of having certain drinks, caries and
rampant caries
Number & (%) of children
With
With
No of
Drinks
Frequency Children
Caries
Rampant Caries
135
100 (74.1)
42 (31.1)
Never or 1-2
times/week __________ _____________ _________________
Purefruit juice
265 (33.8)
__________________ 1 or more/day
785
564 (71.8)
496
138 (27.8)
Never or 1-2
342 (69.0)
times/week ________ __________ ______________
Fizzydrinks
397
300 (75.6)
159 (40.1)
_________________ 1 or more/day
Never or 1-2
730
508 (69.6)
229 (31.4)
Diluted fruit
times/week __________ _____________ __________________
syrup
154
__________________ I or more/day
126 (81.8)
60 (39.0)
_________________ ____________

_________I

SND for difference in proportions with caries and having tizzy drinks once or more per day
and once or less per week currently = 2.18 (P< 0.05)
(95% confidence interval for difference = 0.006 to 0.12)
SND for difference in proportions with caries and having diluted fruit syrup once or more per
day and once or less per week currently = 3.06 (P< 0.01)
(95% confidence interval for difference = 0.044 to 0.200)
SND for difference in proportions with rampant caries and having fizzy drinks once or more
per day and once or less per week currently = 3.85 (P< 0.00 1)
(95% confidence interval for difference = 0.060 to 0.184)

Table 4.52 The relationship between using cup with/without straw, caries and
rampant caries
Number & (%) of children
________ I
Method of drinking
No of
With
With
_____________________ Children
Caries
RampantCaries
Feedercup
73
50(68.5)
31(42.5)
Cupwithstraw
79
56(70.9)
25(31.6)
Cupwithoutstraw
519
376(72.4)
182(35.1)
Both with and without
301
224 (74.4)
91 (30.2)
straw__________ _______________ ___________________
Total
972
706(72.6)
329(33.8)
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Table 4.53 The relationship between consumption of specific fruits and caries and

rampant caries
_____________ ___________ _________ Number & (%) of children
No of
With
With
Fruits
Frequency
Children
Caries
Rampant Caries
_____________ ___________
Never or 1-2
278
200 (71.9)
94 (33.8)
times/week
Apples
1 or
687
505 (73.5)
234 (34.1)
______________ more/day
Never or 1-2
298
212 (71.1)
106 (35.6)
times/week
Oranges
1 or
664
491 (73.9)
221 (33.3)
_______________ more/day __________ ____________ _________________
Never or 1-2
203
143 (70.4)
68 (33.5)
times/week
Others
1 or
485
357 (73.6)
155 (32.0)
______________
more/day
Never or 1-2
537
368 (68.5)
165 (30.7)
times/week
Dates*
1 or
426
336 (78.9)
163 (38.3)
______________
more/day
Never or 1-2
941
691 (73.4)
318 (33.8)
times/week
Grapefruit
1 or
22
13 (59.1)
8 (36.4)
_____________
more/day
Never or 1-2
562
422 (75.1)
191 (34.0)
times/week
Grapes**
1 or
381
263 (69.0)
127 (33.3)
______________ more/day
SND for difference in proportions with caries and eating dates once or more per day and
once or less per week currently = 3.59 (P< 0.00 1)
(95% confidence interval for difference = 0.047 to 0.159)
SND for difference in proportions with rampant caries and eating dates once or more per
day and once or less per week currently = 2.45 (P< 0.05)
(95% confidence interval for difference = 0.0 15 to 0.135)
** SND for difference in proportions with caries and eating grapes once or more per day and
once or less per week currently = 2.04 (P< 0.05)
(95% confidence interval for difference = 0.002 to 0.118)
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Table 4.54 The relationship between consumption of specific food items, caries and
rampant caries

Food items

Frequency

Tomato
ketchup

Never or 1-2
times/week
1 or more/day

Olives and
Pickles

Never or 1-2
times/week
1 or more/day

No of
Children

Number & (%) of children
With
With
Caries
Rampant Caries

368

262 (71.2)

118 (32.1)

591

437 (73.9)

211(35.7)

758

554 (73.1)

262 (34.6)

202

145 (71.8)

64 (31.7)

Never or 1-2
531
391 (73.6)
186 (35.0)
Fruityoghurt times/week _________ _________ _______________
1 or more/day
433
312 (72.1)
143 (33.0)
Mayonnaise

Never or 1-2
788
571 (72.5)
261 (33.1)
times/week __________ __________ ________________
1 or more/day
177
134 (75.7)
68 (38.4)
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Table 4.55 The relationship between taking Iron and Vitamin C supplements,
caries and rampant caries
_________ Number & (%) of children
No of
With
With
_____________________________ Children Caries Rampant Caries
Taking Iron supplements
64
44 (68.8)
20 (31.3)
Not taking Iron supplements
923
676 (73.2)
316 (34.2)
Taking Vitamin C supplements
54
12 (22.2)
34 (63.0)
Not taking Vitamin C supplements
933
686 (73.5)
324 (34.8)

Table 4.56 The relationship between using dummies dipped in honey or sugary
syrup, caries and rampant caries
_________
No of
___________________ children
Using Dummies
215
Not Using Dummies
772

Number & (%) of children
With
With
Caries*
Rampant Caries**
190 (88.4)
125 (58.1)
528 (68.4)
210 (27.2)

SND for difference in proportions with caries and using/not using dummies dipped in sugary
syrup=5.81 (P<0.O01)
(95% confidence interval for difference = 0.132 to 0.267)

SND for difference in proportions with rampant caries and using/not using dummies dipped in
sugary syrup = 8.47 (P< 0.00 1)
(95% confidence interval for difference = 0.237 to 0.380)
* ( 2 for difference in prevalence of caries = 33.35 P=0.000)
** (x 2 for difference in prevalence of rampant caries = 71.35 P=0.000)
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Table 4.57 The relationship between prevalence of caries and rampant caries
and brushing frequency, age at starting to brush and brushing
with or without help
Frequency *

Starting Time**

With/Without
Hel
With
Without
Help
Help

1 or
0-12
>12
Occasion
__________ more/day _________ months months
No of
Children
768
181
257
693
540
409
(Total) ___________ ___________ ___________ _________ _________ _________
With
544
148
166
527
378
314
Caries
(70.8)
(81.8)
(64.6)
(76.0)
(70.0) _____
(76.8)
(No&%) _____ _____ _____ _____
____
With
Rampant
248
73
70
251
190
131
Caries
(32.3)
(40.3)
(27.2)
(36.2)
(35.2)
(32.0)
(No&%) ______ ______ ______ _____ _____ _____
* SND for difference in proportions with caries and brushing daily/occasionally =
2.98 (P< 0.01) (95% confidence interval for difference = 0.037 to 0.18 1)
SND for difference in proportions with rampant caries and brushing daily/occasionally =
2.06 (P< 0.05) (95% confidence interval for difference = 0.004 to 0.157)
**sND for difference in proportions with caries and starting to brush less than I year/or later =
3.53 (P< 0.00 1) (95% confidence interval for difference = 0.05 1 to 0.178)
SND for difference in proportions with rampant caries and starting to brush <I year/or later =
2.60 (P< 0.01) (95% confidence interval for difference = 0.022 to 0.158)
***SNTJ for difference in proportions with caries and brushing with/without assistance =
2.33 (P< 0.05)
(95% confidence interval for difference = 0.01 lto 0.125)
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CHAPTER FIVE
DISCUSSION
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5.1 Study of exfoliated and extracted teeth
5.1.1

Introduction

Case reports of erosion have appeared in the literature for more than 50 years (Stafne &
Lovestedt 1947, Allan 1967, Fuller & Johnson 1977, Reuter 1978), but the condition
has received much more attention in the last two decades. Erosion may have little
impact but once it has progressed to involve dentine, it may result in sensitivity, loss of
pulp vitality and abscess formation. These consequences may occur in erosion of either
primary or permanent teeth but they may potentially arise more rapidly in the case of
primary teeth because the layer of enamel to be eroded before dentinal exposure is
thinner.
Recent studies have suggested that the prevalence of erosion in primary teeth is
relatively high, but measurement has proved difficult. Reproducibility of measurement
has not always been good and validity of measurement has been little studied.
Erosion has been measured in animal and in laboratory studies, where methods may be
more objective, but these may not reflect the condition that occurs clinically. In vivo,
the loss of tooth tissue may represent the outcome of a complex process involving
saliva, susceptible tooth surfaces and acid from one or several sources. One of the major
problems in measurement lies in clinical detection of early signs of erosive wear but
difficulties also arise because of the likely concurrent processes of abrasion and
attrition, which may all contribute to the observed loss of tooth tissue.
The first part of this study was designed to investigate the validity of a simple index to
assess wear in primary teeth. The index chosen was based on that used in large
epidemiological study in the U K. It was used at visual inspection and on photographs
of the teeth.
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A sample of exfoliated or extracted teeth was included and the condition of the teeth on
ground section was chosen as the gold standard. The study was confined to upper
anterior teeth, since these are the teeth that have been most often studied and are the
most accessible for both clinical examination and photography in the young child. The
sample of the teeth were scored as to the presence/absence of tissue loss and the extent
of loss.

5.1.2 Advantages and disadvantages of the method

The method used possessed both advantages and drawbacks. Using exfoliated and
extracted teeth made it easy to standardise conditions for examination and photography,
avoiding the need for clinical examination with its inherent constraints of time and cooperation. The method also allowed teeth to be sectioned and submitted to microscopic
examination. At the same time, use of photographs had the advantage of providing a
permanent record, which could be easily and repeatedly examined by the same or
different examiners before or after sectioning.
Major disadvantages of the method included the fact that the examining conditions
differed from those occurring at a clinical examination. Extracted teeth are also unlikely
to form a representative sample. The history and likely aetiology of any erosion present
is also likely to be unknown for many teeth collected in this manner. It is also of note
that in this study it proved difficult to collect a sample of suitable teeth. In all 100 were
collected, only 41 of which were suitable. Others were rejected as a consequence of
extensive caries, restorations or fractures reflecting other problems in the population of
children from whom they were derived.
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Results of repeated examinations suggested good reproducibility in use of the index,
with kappa estimates ranging from 0.77 for the photographic to 0.96 for direct visual
examination.
Agreement between scores and histological appearance was also high, suggesting
reasonable validity, with a sensitivity of 0.94 and specifity of 1.0 for both visual and
photographic methods of use of the index.
However, although the index showed good reproducibility and validity under these
'ideal' conditions, it also underestimated the extent of erosion in 12 of 33 cases when it
was present. If this finding were to be confirmed, it may indicate that more extensive
forms of erosion/wear are more prevalent than has been suggested in previous studies.

5.1.3 Differentiation between erosion, attrition and abrasion

In the present study, scoring was related to tooth wear and no direct attempt was made
to differentiate between erosion, attrition or abrasion. However, at clinical, photographic
and histological examination a note was made of the surfaces affected and the shape of
the lesion was recorded.
Some authors have postulated that the effects of these three process cannot be
distinguished particularly in their early stages (Smith &Knight 1984, Lewis &Smith
1973, Nunn et a! 1996) and some indices, including the widely used Smith &Knight
index and the one used here, are based on this assumption. There have, nevertheless,
been suggestions that there are differences and that the three can be distinguished not
only by the history but also by the site affected and in clinical appearance and the shape
of lesions (Johnson & Sivers 1987, Asher &Read 1987, Nunn et al 1996 and Bishop
1997).
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A histologically distinct appearance has also been described (Smith & Shaw 1987,
Grando et al 1996).

1)

Sites affected

Theoretically, erosion may affect any tooth or tooth surface. It has been suggested to
affect particularly palatal or lingual surfaces (Johnson & Sivers 1987). In this study,
wear affected 19 palatal surfaces (46%) and no buccal surfaces were affected, a result
perhaps primarily suggestive of erosion in at least some cases.
In terms of site, attrition is believed to occur more often on incisal, occlusal and lingual
surfaces of upper anterior and/or labial surfaces of lower anterior teeth as a result of
tooth-to-tooth contact. In the current study, in 27 of the 31 cases with visible tooth wear,
wear also affected incisal edges or cusp tips. In only 4 cases was loss confined to palatal
surfaces and in 15 it involved both incisal and palatal surfaces. Thus, part of the tooth
tissue loss even in a proportion of cases where the site suggested it to have been erosive,
could have been a consequence of attrition.

2)

Clinical appearance and the shape of the lesions

Erosion is described as resulting in loss of normal enamel contour, including loss of
developmental ridges on enamel, and a smooth glazed enamel surface. This appearance
was seen in the current study, where loss of contour was seen in all affected teeth.
Subjective assessment of loss of contour may be difficult in its early stages but in this
study good reproducibility was achieved both within and between examiners and for
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both photography and visual inspection. In contrast to erosion, where rounded margins
are apparent, attrition is described as resulting in lesions with "knife edges".
In this study, no "knife edge" lesions were evident, suggesting perhaps that even where
attrition had affected incisal edges, loss of tooth tissue might have been at least partly a
consequence of erosion even in these areas. It may be concluded that in the current
study, neither the site of loss nor the appearance of remaining tooth tissue gave clear
indications of a single cause for tooth wear in the sample of teeth.

3)

Histological appearance

The histological appearance of tooth wear has been studied in experimentally induced
erosion. Incubation of teeth in acidic solutions such as fruit juices under experimental
conditions induced erosion (Smith&Shaw1987) gave rise to lesions of 'white spot'
macroscopic appearance. The surface of the lesions was chalky and opaque, in contrast
to the adjacent, sound enamel. Sections of these teeth viewed under polarised light
conditions showed appreciable destruction of the enamel surface. Complete loss of
surface enamel had taken place and the lesion surface appeared irregular. Beneath the
surface, there was a zone of the enamel which had a translucent appearance under
polarised light, reminiscent of the translucent zone seen in early enamel caries.
However, the macroscopic appearance of the lesions was one of gross demineralisation.
The translucent appearance of the enamel beneath the lesion surface suggested that
diffusion of the juice into the enamel had occurred, giving rise to partial dissolution of
the tissues (Smith & Shaw 1987).
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In the current study, tooth wear was recorded on microscopic examination of ground
sections. As in the reports of Smith & Shaw, an irregular surface was seen and partial or
complete loss of enamel was obvious. However there was no evidence of a subsurface
translucent zone. Where diffuse demineralisation was visible adjacent to an area of
tooth wear this was particularly regarded as being a consequence of erosion. However
only 11 of the 33 cases showing loss of tooth tissue demonstrated this characteristic
feature of diffuse demineralisation suggestive of chemical action, in others there was
simply a loss of surface or an irregular surface with simple demineralisation evident on
the labial or palatal surface and/or secondary dentine formation.

In experimental studies, teeth had been experimentally exposed to low pH solutions
such as drinks, in order to induce erosion. In vitro situations may greatly exaggerate the
erosive effects of dietary items because of a lack of protective factors such as saliva
(with its attendant buffering capacity, continuous flow and pH, calcium and
phosphorous content), salivary pellicle and fluoride. All of these may modify the effect
of acid on enamel mineral. The in vitro conditions also do not allow for interaction
between erosive, abrasion and attrition. In vivo, demineralised areas of enamel may
have been lost through abrasion or attrition during normal function over a period of
time. This has been shown experimentally in the past (Sorvari Ct al 1996).
Thus, unless active erosion had occurred just before the tooth was lost, characteristic
demineralisation may well not be apparent.
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5.1.4 The relationship between erosion and caries

Although the mechanism of tooth tissue destruction in erosion and caries is similar, with
both involving a process of demineralisation, caries occurs as a result of acid production
by plaque bacteria and has a predilection for sites of plaque accumulation. It has been
reported that the two also differ in the nature of the lesion and that they rarely occur
simultaneously (Meurman and ten Cate 1996). Authors have suggested that tooth wear
and caries affect different subjects and teeth, despite the fact that some drinks and
dietary items, which are thought to be a major cause of erosion, are also cariogenic
(Michaleck and Mc Ghee 1982, Meurman and ten Cate 1996).
One of the characteristic features of an early carious lesion of enamel is that the lesion is
subsurface; that is, most mineral loss occurs beneath an apparently intact surface. This
contrasts strongly with Meurman's description of the histological appearance of enamel
after a clean tooth surface has been exposed to acid, in which the surface shows etching
but there is no subsurface lesion (Meurman and ten Cate 1996). However, Smith and
Shaw, in a study of experimentally induced erosion, described a zone of enamel with a
translucent appearance reminiscent of the translucent zone seen in early enamel caries,
suggesting that the two processes may be less distinct (Smith and Shaw 1987).
In the present study, histological findings in relation to erosion concurred with those of
Meurman, in that no translucent zone was apparent in sections demonstrating loss of
tooth tissue.
Examination of the two together in the same ground section may also be difficult. In
the current study, teeth with extensive caries were excluded because the presence of
carious lesions made it difficult to achieve a suitable section at all and may also have
modified the appearance of erosion.
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Nevertheless, results of the study showed that the two types of tissue destruction may
occur together. In the study, a small number of teeth with caries were included in the
sample. Numbers were small and no teeth with extensive caries were included.
Nevertheless, erosion and caries were seen to affect the same tooth in 10 cases and the
same surfaces in six. These findings were confirmed on ground section. It may be
hypothesised that in cases where wear and caries apparently affected the same tooth or
surface, the wear had been primarily a consequence of attrition. However, in the six
cases where both affected the same surface, it was smooth surfaces that had been
affected, surfaces where erosion is thought to be a more likely cause.
The study was limited to a small number of teeth. If this finding is a real one, one
explanation may be that the two occurrences are distinct and that the finding of both
together is a consequence of chance. The teeth were derived from a population with a
high prevalence of caries, as shown by the large numbers of teeth that had to be rejected
as unsuitable. Previous epidemiological studies may have been confined to populations
with a much lower prevalence of one or both conditions, with a commensurately lower
probability of both affecting the same child, tooth or surface.
That other studies have failed to see the two together may also relate to the speed of
each process, since this factor may be critical to the outcome seen clinically. It has been
suggested that caries tends to be slower, with a dynamic equilibrium between phases of
de- and re-mineralisation. Erosion is believed to involve more rapid demineralisation
with remineralisation occurring only during prolonged periods between intakes of
dietary acid (Nunn et al 1996). Whilst this may be true in some populations and
individuals, in others carious destruction of the tooth may be very rapid and extensive,
effectively masking the presence of erosion occurring at a slower rate in the same tooth.
Restorations may also hide the presence of erosive lesions.
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Because the study was small and was limited to a selected sample, these inferences must
be regarded as conjecture. Confirmation in a larger study is essential before firmer
conclusions may be drawn.

5.2 The Survey of kindergarten children in Jeddah
5.2.1 Prevalence of erosion

The aim of the second part of the study was to determine the prevalence of erosion in 2
to 5 years old pre-school children in Jeddah, Saudi Arabia using the index tested earlier.
A large sample of children was included, selected to be representative of children in the
city of Jeddah who attended kindergartens. Approximately 90% of preschool children in
Saudi Arabia are thought to attend either private or publicly funded kindergartens (they
were estimated to number approximately 14,000 in 1997-1998). Selection from this
sampling frame therefore seemed likely to provide a reasonably representative sample
of children of this age in Jeddah. Bias may occur through differences in response. In
this study children were selected from both types of kindergarten but agreement to take
part was greater amongst families of children at private schools than amongst those of
children attending publicly funded kindergartens suggesting some bias was present.
However selection was continued in order to provide numbers that were not only large
enough for the sample to be reasonably representative of children in the city but also to
provide sufficient power to detect differences in oral health and its determinants
between schools where these existed.
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At clinical examination, 31% of the children had evidence of erosion affecting their
maxillary incisors. The most commonly affected teeth were central incisors, 180 (5 8%)
of the children with erosion had one or both central incisor teeth affected. The most
commonly affected surfaces were palatal surfaces, 301 (9 7%) of the children with
erosion had at least one palatal surface affected. The estimates made from photographs
were similar, with 30% of children who had satisfactory photographs showing erosion
with the same pattern of effect in terms of teeth and surfaces affected. The index used
allowed assessment of the severity of erosion present. In 186 (60%) cases, erosion was
confined to enamel with dentine affected in a much smaller number (119; 39%) and in
only 4 cases did erosion extend to affect the pulp.
Previous estimates of prevalence of erosion in primary teeth were discussed in the
review of literature, but findings for studies involving primary teeth are summarised
again with those of the present study in Table 5.1 for ease of comparison. All of these
estimates came from studies in the UK. In all cases previous estimates were derived
from clinical examination and although not identical, the index used was in at least three
instances similar to that used in the present study with assessment being confined to
maxillary incisors and to smooth tooth surfaces.
It is apparent that the estimate of erosion falls within the range seen in the UK, being
lower than was reported for 5-6 years old in the National Survey of Child Dental Health,
where more than half were affected, and higher than the prevalence of approximately
19% reported for younger children in Great Britain (0' Brien 1994, Hinds & Gregory
1995). The estimate is also little different to that of 29% reported for 3 years old in East

Cumbria (Jones and Nunn 1995). Findings were also similar to results of these studies
in demonstrating erosion to occur most often on palatal surfaces and for more central
than lateral incisors to be affected. Most children in the sample included in the present
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investigation who had evidence of erosion had 2 or more teeth affected. Similarly in the
study of 1 V2 to 4V2 years old children, more than 2 surfaces per child were affected in the
case of both palatal and buccal erosion (Hinds & Gregory

1995).

Prevalence was lower than was reported in the study of

4-5

year old in the West

Midlands, where 50% of children had erosion. In the current study, as in the large
national studies in the UK, examination was confined to primary maxillary incisor teeth.
The higher prevalence seen in the study in the West Midlands may have been partly
because all primary teeth were included as well as a different index being used. As well
as showing a higher prevalence, overall, more severe erosion may also have affected a
higher proportion of children in the West Midlands study. In the current study, 123 of
the 309 children with erosion (40%) had erosion extending at least into dentine. This
was true of 48% of the 4-5 year old children in the West Midlands sample (Miliward et
al 1994 a).

A previous study carried out in young adults in Saudi Arabia suggested that prevalence
of erosion may be higher than in developed countries, at least in the permanent
dentition. In a study of 95 Saudi Arabian male military recruits tooth prevalence was
77% (Johansson et al 1996). This trend for a higher prevalence may be confined to the
permanent dentition or may have related to all upper anterior teeth (incisors and
canines) being included and to the index used.

In the first part of this investigation, the index was related to wear, irrespective of its
likely cause. It has been emphasised in previous studies that differentiation may be
difficult. However, for the purposes of the survey, as in previous studies in the UK,
measurement of erosion was confined to palatal and labial surfaces and wear affecting
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incisal edges was specifically excluded. A high proportion of children are thought to
show evidence of attrition in primary teeth, this particularly affected incisal edges. Had
these surfaces been included in the present study too, 698 children (7 1%) could be
regarded as having some experience of tooth wear. That 292 out of the 987 of children
(3 0%) had wear affecting incisal edges and wear of labial andlor palatal surfaces
indicates that erosion and attrition may occur concurrently in a high proportion of cases.
Exact distinctions may be difficult in these cases.

At least three previous studies have suggested that erosion is related to social class
(Milosevic et al 1994, Miliward et al 1994 a, Jones and Nunn 1995). In two of these
erosion was found to be higher amongst those in lower classes and in the third
(Miliward et a! 1994 a) the reverse was true.
Findings in this study gave little indication of any consistent relationship between
erosion and social class. Indicators of social class included school type, father's
occupation and mother's educational level. In none of these did relationships with
erosion reach levels that were statistically significant when analysis was based on single
variables. In multi-variate analysis also, social factors failed to emerge as significant
predictors of erosion when the effects of other variables were allowed for.

The sample size had been sufficient to allow for comparison between school types. On
analysis, a significant difference was found for age groups between the school types
with more older children attending private schools. Some trend for variation in erosion
with age was apparent. Although not statistically significant it was thought that this
difference had potential to confound results but even when based on age adjusted
estimates, no significant differences in erosion emerged in relation to school type.
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The lack of relationship between indicators of socio economic status and erosion may
be a result of at least three factors. First, the lack of relationship may be a real one and
the effect of social factors on diet for example, may not be great enough to influence
erosion. Findings of a relationship in past studies may therefore have been chance
results or a result of sampling variation. This may be borne out by the fact that no
relationship was demonstrated in at least one previous large study which included both
erosion and social class (Hinds & Gregory 1995). Secondly the absence may have been
related to the methods of social class assessment employed. That school type was an
imperfect measure may be shown by the fact that a higher proportion of children at
public schools had mothers who had been educated to college level or beyond. More
conventional measures of socio-economic status such as based on father's occupation
for example, are complex, often including more than one component. In Saudi Arabia,
they may also be made more difficult to use by the pace of modernisation and social
change affecting the country. As a result of these changes the income of many people
has increased greatly within a short time interval and their life styles and value systems
may well have altered radically in consequence. Nevertheless, the method used was one
that has been employed previously. That the measures were appropriate may also be
indicated by the fact that caries and rampant caries were found to relate to social
variables measured both in single variate and in multivariate analyses.
Thirdly, it may be that those habits and practices which influence erosion relate
differently to social factors in Saudi Arabia than in other countries. It is of note that not
all previous investigations have demonstrated a relationship between erosion and social
factors and results have sometimes been contradictory. Even if a relationship does
exist it may not be sufficiently strong to appear consistently in all studies.
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It may therefore be concluded that the prevalence of erosion in primary teeth in young
children in Jeddah is probably similar to that seen in the UK when measured in a similar
way. As have some previous studies, the investigation failed to provide evidence of a
social class relationship with erosion.

5.2.2 Prevalence of caries and rampant caries

In the study 73 % of the children were found to have caries and 34 % to have rampant
caries. On average, children had 4.8 teeth and 12.7 surfaces per child affected by caries.
The high prevalence and dmft values reported here appear to be similar to estimates
derived from previous studies for children in the city. Prevalence values reported for 6
year old children in Jeddah have been in the region of 70-76% and dmft values have
ranged from 4.6 to 5.5 (Al-Kateeb et al 1991, Al-Amoudi et al 1996).
That these children were at the time of continuing caries activity may be demonstrated
by the significant increase in dmft and dmfs with age, with treatment in tenns of
missing and filled surfaces contributing little to the changes.
In considering findings of the survey it must be borne in mind that results, for both
erosion and caries, relate to young children living in one coastal city in Saudi Arabia. It
cannot be assumed that the estimates necessarily represent prevalence elsewhere in the
kingdom. Nevertheless simple comparisons suggest that the values seen are also
comparable to more recent estimates for young children in other parts of Saudi Arabia.
Prevalence of caries for children aged 6 or less in Saudi Arabia has ranged from 45% to
89 % in studies reported since 1990 (Al-Shammary et al 1990, Al-Kateeb et al 1991, Al
Amoudi et a! 1996, Wyne et a! 1996, Al-Mohammedi et al 1997, Al-Tamimi & Peterson
1998, Tahir & Maktabi 1997) and dmft values from 0.2 amongst a group of 2 year old
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boys in the city of Riyadh (Al-Mohammedi et al 1997) to 7.12 in a sample of 5 years
old in Al Kharj (Tahir & Maktabi 1997). Not all studies have included assessment of
rampant caries or have used the definition employed in the current study. Nevertheless
the prevalence of 34% for rampant canes was within the range of 15-43% reported for a
group of 0-6 year olds in Riyadh (Wyne et a! 1995).
Caries has been shown clearly to relate to social class with, in westernised developed
countries, levels of disease being higher amongst children in the lowest classes and
those whose families were especially disadvantaged (Hinds & Gregory 1995, Todd
1975, Todd & Dodd 1985, O'Brien 1994). The trend for caries to be higher in children
from lower social classes has also been seen in young children in at least one study in
Saudi Arabia. In the study of 4-6 years old boys in Riyadh, prevalence of caries was
higher, at 72%, in children from lower social classes and lower at 54%, in those from
higher social classes (Al Mohammadi et a! 1997). This study showed the same
relationship with children from families in the highest classes having the lowest levels
of disease and those in the lowest classes having the highest. Both school type and
mothers' education were also clearly related to canes. In this study as in a previous one
carried out in Jeddah caries was more prevalent and dmft and dmfs were higher in
children from publicly funded schools (Al-Kateeb et al 1991). Caries was also more
prevalent in children whose mothers were less well educated. Both school type and
mother's education were significantly related to caries and to rampant caries in both
multivariate and single variate analysis. Although differences were significant in single
variate analysis, findings were less consistent in relation to father's occupation. There
appeared to be only small differences in caries prevalence between those whose fathers
were classified as professional (but not higher professional), those classified as middle
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class and the lowest classes, perhaps reflecting difficulties in assessing social class
effectively in Saudi Arabian society at the present time.
It may be concluded that caries prevalence and severity appear to be similar to those
seen in Jeddah and elsewhere in Saudi Arabia in recent years and demonstrate the
continuing high prevalence of the disease in younger children.
The relationship to social class is similar to that seen in developed countries such as the
UK in demonstrating the worst oral health in children from the lowest social classes.

5.2.3 Caries and Erosion

The results of the first part of this study carried out using exfoliated and extracted teeth
illustrated that erosion and caries could affect the same tooth or tooth surface. This was
confirmed in the survey, where, in contrast to previous reports, results provided
evidence of a positive relationship between erosion and caries. This relationship was
particularly marked when children with rampant caries were excluded from analysis,
when it was seen as significant not only in single variate analysis but also was one of
only four to emerge as having an independent relationship to the outcome of erosion in
multi-variate analysis. With a higher caries prevalence it is to be expected that erosion
and caries would occur together more often but confidence intervals about the Odds
Ratio suggested that children with caries (excluding rampant caries) had up to twice the
risk of having erosion compared with those who were clinically caries free. Twenty
nine per cent of children with rampant caries did show erosion but the relationship
between the two was less clear. This contradictory finding may have been at least partly
a consequence of the difficulty which lay in measuring both forms of tooth tissue loss in
the same surfaces of primary incisor teeth.
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The lesions of rampant caries and erosion are very dissimilar, erosion resulting in
smooth shiny and shallow defects and rampant caries in more localised, rough,
destructive and deeper lesions. It therefore seems unlikely that there was confusion
between the two. In permanent teeth and in westernised countries caries may often be a
slower process than erosion but this may not be true in primary teeth in a population
with higher caries levels. As suggested in the first part of this study it may be that in at
least some cases, superimposition of the greater and more rapid destruction of caries had
effectively masked or removed any evidence of erosion or that erosion itself may
promote the mechanisms of rampant caries, further research would be of value in
understanding more exactly the relationship between the two processes.

5.2.4

Use of photographs

Previous studies of erosion in children have been based on clinical examination. In the
present study, assessment was also made through photographs. Photography has been
thought to offer particular advantages in other types of investigation. In studies of
enamel defects for example, photographs make randomisation easier and allow for
repeated assessment without the need to re-examine the subject. Photographs are easily
transported and could also facilitate national and international comparisons using
standardised measurements by one or several examiners. In the current study, results in
the first part of the investigation suggested a good level of agreement between clinical
and photographic assessment of erosion in exfoliated and extracted teeth. Results in the
survey showed that the method was feasible and that it was acceptable to a large
proportion of the young children included; it proved possible to take both labial and
palatal views of a very high proportion (87%) of the young children who took part.
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Findings also showed a degree of comparability. In direct comparisons of scores at tooth
surfaces level for example, agreement was seen in 93% of surfaces. Estimates of
prevalence showed a difference of only 6 percentage points. Where differences did
occur, these appeared to lie especially in distinguishing erosion involving dentine from
that confined to enamel and to relate to cases where both lateral and central incisors
were affected. Although the proportions with only central incisors were affected
appeared similar, fewer cases were diagnosed using photographs in which both central
and lateral incisors showed evidence of erosion. This may have related at least partly to
judging severity in teeth adjacent to each other in the same mouth. In a higher
proportion of instances where disagreement did occur, photographic scores were lower
than those made clinically suggesting that scores from photographs tended to
underestimate the extent of tooth tissue loss. If the erosion in central incisors was more
severe, and judgement of this level was altered in the case of photographs, then this may
have reduced the likelihood of diagnosing erosion in lateral incisors in the same child. It
could be seen that lateral incisors were very seldom scored as 1 or more in the absence
of similar or higher scores in the adjacent central incisors. In addition, in 48 out of 60
cases where scores for central incisors were lower on photographs than clinically, all
scores for the adjacent laterals were reduced to zero and in a further 5 it was reduced
from a maximum of 2 to 1.
The amount of agreement seen and the extent to which photographs proved feasible
would seem to confirm that photographs do have some potential to be of value in
developing national and international comparisons in measuring erosion. However,
there was evidence of some disagreement and the method may well benefit from
refinement. More sophisticated imaging tecbniques, such as through the use of digital
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cameras, and use of computer enhancement methods may merit further investigation
towards this end.

5.3 The Questionnaire

The survey provided evidence of the prevalence of erosion and caries in the group of
kindergarten children. The method also included a questionnaire to be completed by
parents, aimed at investigating possible aetiological factors related to erosion in this
group of children. The form included questions about a number of dietary items
reported in the past to be related to erosion.
It has been suggested that caries and erosion may have common dietary causes. Thus,
drinks with low pH and high content of non-milk extrinsic sugars may carry both
erosive and cariogenic potential (Imfeld 1983).
Information drawn from the questionnaire was therefore related not only to erosion but
also to caries in order to try and establish common and separate determinants of disease
in the group of Saudi Arabian children.
Two drawbacks of questionnaire studies are first that they often suffer from bias as a
consequence of non response and secondly, that they indicate only reported behaviour.
The current investigation was no exception in these respects. The fact that response was
higher for children in private schools gives indication of likely bias. It was clear from
the form that the survey was related to oral health and more dentally motivated parents
would seem more likely to take part. The form was sent home to parents through the
school and it is also likely that more literate parents would find it easier to respond.
Mothers of only eleven children who took part in the study had education that was
limited to primary school level or less. Despite the evidence therefore of some degree of
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bias in response, the survey and questionnaire study did include children from a
spectrum of social classes.
All questionnaires indicate reported rather than actual behaviour but alternative methods
of investigating diet, such as using diet diaries or 24 hour recall interviews are complex
and have drawbacks. They would for example have required greater degrees of cooperation and motivation on the part of parents and the schools as well as more
specialist investigators and may therefore have been less feasible methods for the young
kindergarten children in this sample. It is of note that, despite their disadvantages,
questionnaires to be completed by parents at home have been widely used in previous
studies of large samples (O'Brien 1994). Where it was relevant, questions from previous
studies were included in the present one. Previous investigations of erosion have been
limited to English speaking countries, and questions were therefore translated and also
modified slightly where necessary in order to make them culturally more appropriate for
children in Saudi Arabia.
Analysis included simple comparisons relating individual factors to the outcomes of
erosion and caries but determinants of either are unlikely to have wholly independent
effects. The sample size in the study was sufficient for multi-variate as well as single
variate analysis. This allowed for assessment of the independent effect of each factor
when others were allowed for. The method has been used previously in the survey of
1½- 4½ year old children in the UK (Hinds & Gregory 1995) and aids in identification
of major factors with independent effects amongst a large number of variables.

Using this method, and with all variables included only 3 factors emerged as significant
in relation to erosion. These were use of Vitamin C supplements, frequency of use of
carbonated drinks at the time of the study and the consumption of fruit syrup from a
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feeding bottle at bed/nap time when the child was a baby. Although this appears to be
in contrast to findings in the survey of 1

/2

to 4¼ year olds in the UK where no

significant relationship was seen between erosion and dietary behaviour, closer
examination of data in this past study provides some evidence of trends. For example,
of the 3¼ to 4¼ year olds who drank carbonated drinks most days 22% had erosion,
compared to only 8% amongst children who had this type of drink less often (Hinds &
Gregory 1995).
In the current study use of Vitamin C supplements showed a clear relation to erosion.
Confidence intervals about the odds ratio suggest that children who were given Vitamin
C supplements may be at up to 4.7 times the risk of having erosion compared to those
who did not do so. Use of Vitamin C also emerged as significant in relation to rampant
caries in this group of children, where it also appeared to present a potentially high
degree of risk. It has already been suggested that measuring erosion and rampant caries
in the same tooth surfaces may have been difficult. If the association between Vitamin
C and both erosion and rampant caries are real it might perhaps be speculated that the
effects of ascorbic acid may not only be on enamel directly but also by indirectly
potentiating or contributing to the process of rampant caries in the same tooth surfaces
in susceptible children. However, the number of children who were given Vitamin C
supplements was relatively small (only 54 children) so that caution is needed in
considering these apparent associations.
The review of literature showed that the role of carbonated drinks in the aetiology of
erosion has been highlighted in many previous studies. The relationship was also seen
clearly in this investigation in relation to the frequency with which drinks were given at
the time of the study. Thirty seven per cent of the 397 children who were reported to
have carbonated drinks once or twice a day or more often had erosion compared to 28%
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of the 496 who had them less often. Confidence intervals about the odds ratio in
multivariate analysis suggested that children who had these drinks at least daily may be
at up to 1.9 times the risk of having erosion. As in the case of Vitamin C supplements,
results of multivariate analysis showed frequency of giving carbonated drinks to be a
risk factor that was common to both erosion and rampant caries, the frequency of
carbonated drinks representing a risk of up to 2.3 times for the latter. As well as having
low pH, carbonated drinks are most often high in non-milk extrinsic sugars. Frequency
of intake of these drinks may therefore be thought likely to relate to caries. This may
also be suggested by the statistically significant relationship seen in single variate
analysis between caries and frequency of carbonated drinks but this pattern did not
emerge in the more complex multi-variate analysis when caries as a whole was used as
the outcome. This may reflect the interactions that occur between the factors included,
effectively masking or reducing the influence of any one variable in the sample of
children or may be a consequence of using a relatively crude measure of frequency of
intake as an indicator of pattern of consumption.

Drinks given at night or at naptime may carry particular erosive potential as the
protective mechanisms of saliva may be reduced during sleep. In this study, multivariate analysis showed consumption of diluted fruit syrup drinks as a baby from a
feeding bottle at bedtime to be related to erosion. Numbers given a drink of this type
were small, only 56 children were reported to have been given diluted fruit syrups in an
infant feeding bottle when they were babies and only 35 had been given these at night,
making firm conclusions on this basis alone very difficult but other relationships were
seen which were consistent with this finding. That diluted fruit syrup drinks may be
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important in erosion was also seen in single variate analysis where use at bed time and
frequency of use at the time of the study were both significantly related to erosion.
As well as being important in erosion diluted fruit syrup drinks also emerged as
important in relation to caries, where both use of these drinks in a bottle when the child
was a baby and frequency of use at the time of the survey emerged as significant in
multi-variate analysis. Diluted fruit syrups given when the child was a baby was
amongst the highest risk factors for caries and may have represented up to 9 times the
risk for caries in the population from which the children were drawn. As in the case of
erosion, firm conclusions are difficult because of the small numbers but fruit syrups
given at bed time at the time of the survey (which were more common; 65 children)
were also related to caries in single variate analysis, perhaps providing a further
indication of their role in caries aetiology.

It may be thought therefore that results of the questionnaire provided some evidence to
support the role of dietary factors that are common to both caries and erosion in young
children. Not all of the relationships seen were wholly consistent.
Although evidence about diluted fruit syrups appeared to show some consistency in
relation to both erosion and caries, their was little clear evidence to link this type of
drink to rampant caries in the sample of children. This was unexpected. In the UK,
drinks given in feeding bottles, particularly at night or naptime, have been particularly
associated with the disease (Holt 1982). It may be that in the sample of children from
Jeddah, other aetiological agents have assumed greater importance in the aetiology of
rampant caries effectively masking the effect of syrups and of other types of drink.
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Dummies dipped in sweet substances such as syrups or honey have been shown to be
important in the past (Winter 1996) but are now rarely used in the UK. In this study,
dummies dipped in syrup, sugar or other sweet agent had been given to 215 of the 987
children (22%) and their use proved to be the strongest determinant of disease to emerge
for both caries and rampant caries.

Some factors strongly associated with erosion in the past failed to be apparent here.
Relatively few of the foods and the fruits reported as being related to erosion in the past
appeared to relate to erosion in the children included. The effect of dietary factors will
relate not only to its effect on tooth tissue but also on how often it is eaten or drunk.
Thus, for example, frequency of eating grapefruits, which have been identified as
erosive in several in vitro studies in the past, was not clearly identifiable as important
but this may be partly because very few of the children (only 22) had grapefruits once a
day or more often.
Prevalence of erosion also appeared to be unrelated to the method of drinking used.
This may have been partly a consequence of the fact that only incisor teeth were
assessed. In most cases, palatal rather than labial surfaces were affected. Examination
of all primary teeth may have shown a difference in pattern. It may also be that the
relatively young children were not especially consistent in the method of drinking used.
Overzealous oral hygiene has been suggested as promoting the effects of erosion. Three
aspects of oral hygiene habits were considered in the questionnaire: age at starting to
brush, frequency of brushing and whether or not the child was given help in brushing.
None of the three proved to be related to prevalence of erosion in the sample of children
but two of three proved to be related to caries. In multi-variate analysis, children for
whom toothbrushing began after one year of age proved to be at significantly higher risk
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of both caries and rampant caries and children who had no help in brushing were also at
higher risk of canes. Frequency of brushing did not appear to be as important. This
contrasts with findings in the study of 1

Y2-4'/2 year

olds in the UK for example, where

children brushing at least twice a day were less likely to have canes (Hinds & Gregory
1995).

Fluoride toothpastes used in toothbrushing are of major importance in caries prevention
(Murray et al 1991). Fluoride has also been suggested as having potential to increase
resistance to erosion (leo et a! 1997). Most toothpastes in Saudi Arabia do contain
fluoride and in the current investigation a question was asked about type of toothpaste
used. However, a high proportion of families failed to indicate a type and answers were
not considered sufficient for analysis. More exact information may well have been of
value but might have been difficult to collect within the constraints of the method used
here.

As well as those common to both erosion and caries, other relationships of potential
importance seen with the outcomes of caries and/or rampant caries included feeding
method used in infancy, fruit juices given at night and frequency of eating dates.
Feeding method has been associated with caries in the past. However, the relationship
seen here was the reverse of that seen elsewhere. Thus the children who were wholly
breast fed had more rampant caries (and caries at all) than did those who had been
wholly or partly bottle fed. Rampant caries was also more common in children breast
fed beyond the age of one year. The apparent relationships need care in interpretation
because of the confounding effect of social class. In countries where caries is less
common in children who are breast fed, this type of infant feeding is more common in
higher social classes. In the present study breast feeding (and more prolonged breast
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feeding) was more common for children in lower social classes. Such children may not
only have been breast fed but may also have been more likely to have been given
sweetened dummies and less likely to have had their teeth brushed at an early age for
example.

Fruit juices were given at bedtime to 144 of the children and dates were eaten at least
once a day by 426 of the group. The former was seen as a risk factor for caries, but not
for rampant caries in multi-variate analysis and the latter was seen to relate to both
caries and rampant caries in single variate analysis. Fruit juices contain high levels of
non-milk extrinsic sugars but there has been little clear evidence of their relationship to
caries in past studies and this finding may be simply a chance result. The same is true of
dates; no previous clinical studies have investigated the relation between dates and
caries, however it was reported that dates contain about 80% carbohydrates, most of
which are sugars that are readily fermented by the oral flora, fructose, glucose and
sucrose. Their acidogenic potential was found to be similar to glucose and sucrose in at
least one in vitro study (Salako & Al Bagieh 1994).
The importance of dietary factors in caries in children in Saudi Arabia has been stressed
in the past (Wyne et al 1995, Wyne & Khan 1995). Findings here would lend emphasis
to this concept, particularly with respect to drinks.
It may be concluded that the questionnaire study provided evidence of associations that
may be important in the aetiology of erosion. The factors identified may also have been
amongst dietary contributors to caries and/or rampant in this group of children.
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CHAPTER SIX
PRINCIPAL FINDINGS

6.1 Review of Literature

From the review of literature it was found that:
1. Dental erosion has been the subject of case reports over more than 50 years and of
increasing numbers of in vitro and in vivo studies. Many have been concerned with
identifying aetiological factors, particularly dietary acids.
2. Erosion may affect either dentition but has proved difficult to measure, particularly
epidemiologically. One reason for this has been the difficulty in differentiating
erosion from attrition and abrasion. Some indices make no attempt at distinction but
others confine measurement to particular tooth surfaces.
3. There have been several methods introduced to measure erosion under experimental
conditions in vitro. These may not relate to the more complex situation in vivo.
4. The prevalence of erosion in primary teeth in children in the UK is thought to be
high, with approximately 50% of 5 year olds affected. Some studies have suggested
that erosion is seen more often in children from higher social classes but findings are
not consistent.
5. In the UK, erosion has been suggested more often to affect children who are less
susceptible to caries.

6.2 Validity of Index

From the study of4l exfoliated and extracted primary anterior teeth it was found that:
1. On visual inspection 31 of the teeth showed evidence of wear. In 27 cases wear
affected incisal edges and in 19 palatal surfaces. None of the labial surfaces were
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affected. Wear was confined to enamel in the case of 14 teeth, in 17 it extended into
dentine and no case did it involve the pulp.
2. Assessment of photographs of the teeth gave scores that were the same as those for
visual examination in the case of all 41 teeth.
3. Comparison of findings when the teeth were sectioned and examined
microscopically showed that scores given on visual and photographic assessment
gave a slightly lower prevalence of wear (33 teeth showed wear on sectioning) and
underestimated its severity; in the case of 11 out of the 14 teeth where wear had been
thought to be confined to enamel, this was found to extend into dentine on section.
Sensitivity of the index was 0.94, and specificity was 1.0.
4. Repeated visual examinations gave a kappa value of 0.96, and repeat reading of
photographs gave one of 0.77. The equivalent value for repeat reading of sections
was 0.89.

6.3 The Survey

From the survey of 987 children it was found that:
1. Three hundred and nine (31%) of the children showed erosion of their primary
maxillary incisors on clinical examination. One hundred and eighty six (19%) had
erosion confined to enamel but for 123 (12%) it has extended to involve dentine
and/or pulp. Erosion had affected central incisors in 180 children, lateral incisors in
6 and both tooth types in 123. Three hundred and one (97%) children had palatal
erosion, 1 had labial surfaces affected and 7 had erosion of both surface types.
2. Readable photographs were available for 727 of the sample of children. Of these,
220 (30%) had erosion present on photographs and 264 (36%) had erosion scored
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clinically. Agreement between photographic and clinical scores was seen in 93 % of
surfaces.
3. At clinical examination, 720 of the 987 children had caries (73%) and 336 (34%)
had rampant caries. Mean dmft was 4.80 (± 4.87) per child and mean dmfs was
12.67 (± 15.46) per child.
4. Erosion was positively related to canes in the sample of children included. Of the
384 children with caries but not rampant caries, 141 (37%) had erosion, a
significantly higher proportion than the 72 (27%) out of 267 who were clinically
caries free. The null hypothesis of there being no relationship between erosion and
caries in this group of children could therefore be rejected.
5. Estimates of the prevalence of erosion were similar to those seen in the UK using a
similar index and in children of equivalent age.
6. The prevalence of caries and rampant caries were similar to findings in studies in
Saudi Arabia in the last 10 years.

6.4 The Questionnaire to parents
Through analysis of findings in relation to answers given in the questionnaire completed
by parents it was found that in relation to erosion:
1. There was no clear relationship between erosion and social class. 211(21%) of
children whose fathers were in occupations classified as higher professions had
erosion, as did 190 (19%) of those from the lowest social classes. The null
hypothesis was therefore not rejected.
2. Multi-variate analysis showed Vitamin C supplements (OR = 2.6), the consumption
of fruit syrup drinks as a baby from a feeding bottle at bed/nap time (OR = 2.3),
and frequent use of carbonated drinks at the time of the study (OR = 1.4) to be
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significantly related to erosion. The null hypothesis of no relationship between
dietary factors and erosion could therefore be rejected.
3. All of the dietary items related to erosion also showed some relationship to caries
and/or rampant caries.
4. Significant relationships were also seen between erosion and diluted fruit syrup
drinks when these were given in feeding bottles when the child was a baby, when
they were given at night and when they were given more frequently, but these were
lost when other factors were allowed for.
5. No significant relationship was seen between oral hygiene practices and erosion and
the null hypothesis was therefore not rejected.

In relation to caries:
1. Caries and rampant caries were related to age of the child and to social class. More
disease was seen in older children and in children from lower classes, those from
publicly funded schools and those whose mothers had received less education.
2. In multi-variate analysis both caries and rampant caries were related to use of
sweetened dummies. Two hundred and fifteen children had used these, 190 (88%) of
whom had caries and 125 (58%) had rampant caries (OR = 3.2 for caries, OR = 4.3
for rampant caries).
3. Caries was also related to fruit syrups (OR= 2.1, 3.1), and rampant caries to use of
Vitamin C supplements (OR = 2.3) and to carbonated drinks (OR =1.7).
4. Oral hygiene practices were significantly related to caries and to rampant caries,
with the time at which brushing started being important for both diseases (OR = 1.8
for caries, OR = 1.6 for rampant caries).
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Appendix 1
Copy of Dental Chart Used at Clinical Examination
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STUDY OF ORAL HEALTH IN NURSERY SCHOOL
CHILDREN IN JEDDAH
StudyNumber ................
Name'.............................Date of Birth'..........................
Schoolattended'.............................
CARIES
___ E D C B A A B C D E
Mesial______ ______ ______ ______ _____ ______ ______ ______ ______ ______
Lab/Buc _____ _____ _____ _____ ____ _____ _____ _____ _____ _____
Distal____ ____ ____ ___ ___ ___ ___ ____ ___ ___
Pal_____ _____ _____ _____ ____ _____ _____ _____ _____ _____
Occiusal______ ______ ______ ______ ____ _____ _____ ______
Mesial______ ______ ______ ______ _____ _____ _____ ______ _____ _____
Lab/Buc _____ _____ _____ _____ ____ _____ _____ _____ _____ _____
Distal______ ______ ______ ______ _____ _____ _____ ______ _____ _____
Pal_____ _____ _____ _____ ____ _____ _____ _____ _____ _____
Occiusal______ ______ ______ ______ _____ _____ _____ ______ _____ _____
___ E D C B A A B C D E
Surface Score:
0 Present and Sound
1 Arrested dentinal canes
2 Caries (Restorable)
3 Caries (requiring Ext or RCT)
4 Filled and Decayed
5 Filled and Sound
6 Missing due to caries
8 Unerupted
$ Sealant restoration
RAMPANT CARIES:

Yes/No

EROSION:
B A A B
Labial
Palatal
Scores: 0 No evidence of tooth wear
1 Tooth wear into enamel
2 Tooth wear into dentine
3 Tooth wear into pulp
9 Can't be assessed
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APPENDIX 2
COPY OF THE QUESTIONNAIRE AND ACCOMPANYING LETTER
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STUDY OF ORAL HEALTH IN NURSERY SCHOOL CHILDREN
IN JEDDAH
We are currently carrying out a survey of oral health in children in nursery schools in
Jeddah, and are seeking the help of you and your child for this purpose. Helping us will
involve my looking at your child's teeth at school and taking two photographs (not xray) of his/her front teeth.
In our survey we want to find out more about the reasons why some children suffer
from poor dental health. For this reason I am also asking you to complete and return the
enclosed questionnaire, completing it will take no more than a few minutes. Any
information you give us will be regarded as confidential and will be used for statistical
purposes only. If you are unable to answer all the questions, please leave these blank,
complete those you can and return the questionnaire to the school. If you are uncertain
or would like further information, please feel free to contact me on:

Thank you so much for your help in our survey.
Dr. Manal Al-Malik
Postgraduate Researcher
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STUDY OF ORAL HEALTH IN NURSERY SCHOOL CHILDREN
IN JEDDAH
Studynumber .........................
Child's name SDate of birth: .../..../199
Please tick or circle the appropriate answer to each question.
1) First, when your child was a baby was he/she breast or bottle fed?
Please tick
El Breast fed
[1 Bottle fed
El Both
If breast fed, for how long?
weeks
months
still breast fed
El
2) When he/she was a baby, did your child have drinks other than milk in the bottle?
Please circle
Yes / No
a) If yes, what were these drinks?
Please tick
Pure fruit juice
e.g orange, lemon, apple
El
Diluted
fruit
syrup
e.g
Suntop,Vimto,Sunquick
El
El Packed fruit juice
El Herbal drink
Tea
(with sugar /without sugar)
El
Water
(with sugar /without sugar)
El
please specify
Others
b) How often did your child have them?
Please tick
El lx day
fl 2x day
El >2xday
El <than all the above
c) When did your child stop having drinks (other than milk or plain water) from a
bottle?
Please tick
<6
months
El
El 6-12 months
12-18 months
[1
18 months-2 years
El
>2 years
[1
Still having drinks from a bottle
El
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d) Did your child have drinks from a bottle at bedtime or naptime, or during the night?
Please tick
LI Yes regularly
Yes occasionally
LI
No never
e) What did he/she usually have at this time?
Please tick
Pure fruit juice
e.g orange, lemon, apple
fl
Packed
fruit
juice
LI
Diluted fruit syrup e.g Suntop, Sunquick, Vimto
LI
Herbal drink
[1
Tea
(with sugar /without sugar)
LI
Water
(with sugar /without sugar)
[II
Chocolate drink
L]
Others
please specify
f) How old were he/she when they stopped having drinks in a bottle at night or nap
time?
Please tick
LI <6 months
LI 6-12 months
12-18 months
LI
18 months-2 year
LI
>2
years
[1
still having a drink in a bottle at night or naptime.
LI
3) Did your child ever have a miniature feeder or a dummy dipped in jam/syrup or
honey?
Please tick
Miniature
feeder
LI
Dummy dipped in syrup, jam or honey
LI
Neither
of these
LI
4) What about nowadays, Does your child now have a drink at night or naptime?
Please circle
Yes / No
If yes, what is it that he/she drinks?
Please tick
LI Milk
LI Pure fruit juice
LI Packed fruit juice
Diluted fruit syrup e.g Suntop, Sun quick, Vimto
LI
LI Herbal drink
Tea
(with sugar /without sugar)
LI
Fizzy
drinks
e.g
Cola/Pepsi,
7
UP,
Miranda, etc
LI
Others
please specify
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5) How often each day does your child usually have the following drinks:
Please tick a box for each item
_______________
Never
Once/day Twice/day >2 time/day 1-2time/week
Purefruit juice
___________ ____________ ____________ ____________ ______________
Fizzy drinks e.g
Cola, Lemonade __________ ___________ ___________ ___________
Diluted fruit
Syrup__________ ___________ ___________ ___________ ____________
6) Does your child usually have drinks from:
Please tick
Feeder cup
Cup
with /without straw
fl
Infant feeding bottle
Othersplease specify................................................
7) How often does your child eat the following fruits:
Please tick a box for each item
_______________ Never Once/day Twice/day >2 time/day 1-2time/week
Oranges__________ ___________ ___________ ___________ ____________
Grapefruits__________ ___________ ___________ ___________ ____________
Apples__________ ___________ ___________ ___________ ____________
Dates___________ ____________ ____________ ____________ _____________
Grapes___________ _____________ _____________ _____________ ______________
Other fruits
(please specify) ___________ ____________ ____________ ____________ _____________

fl

8) Does your child have the following food items:
Please tick a box for each item
_______________ Never Once/day Twice/day >2 time/day 1-2time/week
Tomatoketchup __________ ___________ ___________ ___________ ____________
Olives& Pickles ___________ ____________ ____________ ____________ _____________
Fruityoghurt
_________ __________ __________ __________ ___________
Mayonnaise__________ ___________ ___________ ___________ ____________
Please circle
9) Does your child regularly have:
Iron medicine
Yes / No
Fizzy vitamin C tablets
Yes / No
10) Are your child's teeth brushed regularly?
Please tick
LI Yes once a day
LI Yes twice a day
LI Occasionally
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11) Do you help or somebody else help your child to do it or does he/she brush his/her
own teeth?
Please tick
With help
Brushes alone
12) When did you start brushing?
Please tick
<6 months
6-12 months
12-18 months
>18 months
13) Do you use for your child adult tooth paste or children tooth paste?
Adults tooth paste
Children's tooth paste
What ever is available at home
14) What sort of tooth paste do you usually use for your child?
Please tick
Signal
Lion
Sensodyne
Any available
Othersplease specify....................................
15) Has he/she ever had medical problems?
Please circle
Yes / No
if yes, what were these?

U
U

U
LI
U
U
U
U
U

U
El
U
U

Crest
Oral-B
Colgate
Maclean

U
U
U
U

16) Finally, Do you go out for work?

Please circle
Yes / No

17) What sort of work do you do?
18) At what age did you fmish your final education?
19) What about your husband, what sort of work does he do?
20) At what age did he finish his education?
Thank you for your help.
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APPENDIX 3
COPY OF THE QUESTIONNAIRE AND ACCOMPANYING LETTER
IN ARABIC
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APPENDIX 4
Letters seeking formal approval of the study to the 'Ministry of Higher Education'
and reply received from the 'President General for Girls Education School'
in Arabic
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Eastman Dental Institute
for Oral Health Care Sciences
University of London
256 Gray's Inn Road, London, WCIX 8LD
Telephone: +44(0)171 915 pIus ext. or +44 (0)171 915 1000
Facsimile: +44(0)171 915 1012
Website: www.east,nan.ucl .ac.uk

National Centre for Transcuttural Oral Health
Professor Raman Bedi DDS MSc BDS FDSRCS
Tel: 0171 915 2314/I 193 Fax:017l 915 1233

19 June 1998

Ministry of Higher Education
Saudi Arabia

Dear Sirs
Dr Manal Al-Malik
Dr Manal Al-Malik is a PhD postgraduate at the Eastman Dental Hospital carrying out research on
erosion in pre-school children.
The survey will be carried out on Saudi pre-school children to determine the prevalence of erosion.
caries and rampant caries in nursery school children in Jeddah. Dr Al-Malik will need to go to Saudi
to examine 1,000 children in selected private and public schools.
Dr Al-Malik will be ready to leave in September 1998 to collect the data, and will need to stay in
Saudi for at least three months.
Yours faithfully

Professor Raman Bedi
Head of Department
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