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Abstract 

 

Dental erosion appears to be affecting a growing number of children but there are no data on 

its prevalence and severity in children or adults in Libya.  The aim of this study was to 

determine the prevalence of dental erosion in Libyan schoolchildren, compare with other 

countries and to test its association with potential risk factors and dental caries.  A cross-

sectional observational study was carried out in Benghazi, Libya.  Ethical approval and 

permissions were secured from local authorities and written consents obtained from 

parents/guardians and children.  Cluster sampling within schools provided a random sample 

of 791 12 year-old schoolchildren, mean age 11.7 (SD± 0.31) years (397 boys and 394 girls) 

attending 36 elementary schools in 15 different districts in Benghazi.  Information about 

potential risk factors for dental erosion was collected through a questionnaire survey based on 

that previously used in the UK National Diet and Nutrition Survey (2000).  A sub-sample of 

180 randomly selected subjects completed a three-day food diary with post diary interview.  

Samples of tap/bottled water were collected from the house of each subject in the sub-sample 

and from each school to analyse fluoride concentration.  Subjects were dentally examined for 

dental erosion using the index used in the UK National Diet and Nutrition Survey (2000).  

This index assesses the area and depth of dental erosion affecting the labial and palatal 

surfaces of upper permanent incisors and occlusal surfaces of the first permanent molars.  

Dental caries was assessed using the DMFT and DMFS indices and WHO (1997) criteria.  

The reproducibility of the study was assessed through the re-examination of 10% of the 

sample.  Associations between dental erosion and caries and the variables under study were 

investigated through processes of bivariate and multivariate analysis. The statistical 

significance level was set at 5%.   
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Dental erosion was observed in 40.8% of subjects; erosion into enamel affecting 32.5%, into 

dentine affecting 8% and into pulp affecting 0.3% of subjects.  The prevalence of dental caries 

was 57.8%.  The mean DMFT and DMFS indices were 1.68 (SD± 1.86) and 2.39 (SD± 3.05) 

for all subjects and 2.90 (SD± 1.56) and 4.14 (SD± 2.97) for subjects with caries experience.  

Dental erosion was not statistically significantly associated with dental caries.  Analysis of the 

questionnaire survey showed statistically significantly positive associations between the 

experience of dental erosion and frequency of consumption of fruit-based sugared drinks (p= 

0.006) and time taken to consume drinks (p= 0.005) and a statistically significantly negative 

association between dental erosion and frequency of consumption of tea with milk (p= 0.032).  

There was a statistically significantly positive association between experience of dental caries 

and frequency of consumption of fruit-based sugared drinks (p= 0.002) and a statistically 

significantly negative association between dental caries and the level of fathers’ education (p= 

0.015).  No statistically significant associations were found between dental erosion or caries 

and any dietary variable measured through the food diaries with interviews.  It is concluded 

that, the prevalence and severity of dental erosion in 12 year-old children in Benghazi, Libya 

was in agreement with data reported for the prevalence and severity of dental erosion in 

European children.  The consumption of fruit-based sugared drinks represented the most 

important risk factor for dental erosion and caries in this sample of Libyan schoolchildren.   
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Chapter 1  

Oral health in Libya  

1.1 Introduction 

Libya is located in North Africa and lies on the Mediterranean Sea with a Mediterranean 

coastline of nearly 1,800 km.  The land area is 1760,000 km  making it the fourth largest 

country in Africa.  It lies between Egypt and Sudan from the East, Tunisia and Algeria from 

the West, Chad and Niger from the South and the Mediterranean Sea from the North.  Libya is 

the 7th largest country in the world.  In 2005, the total population was about six million and 

Benghazi had an estimated 685, 367 inhabitants according to the General Authority of 

Information 

2

(GAI, 2006).  The majority (88%) of the Libyan population live in cities (GAI, 

2006).  Oil was discovered in the 1960s which brought petroleum wealth.  There are little 

published dental epidemiological data for Libya.  Generally, for Libyan schoolchildren there 

are potentially three main influences on dental health; exposure to fluoride, diet and 

intervention by the dental services.  Although much of the water available in Libya is 

naturally fluoridated, little epidemiological investigation on the prevalence and severity of 

dental fluorosis has been undertaken.  In addition, there have been changes in the Benghazi 

water supply, which shifted from dependence on a desalination system and other water 

reservoirs located along the coastal line (North) with a fluoride concentration of 0.8 ppm, to 

water containing 0.65 ppm (samples of drinking water analysed in Newcastle University 

laboratory) piped from desert underground water via the Great Man-made River (GMR).  

Libya is still a developing nation.  Few dental epidemiological studies in Libya have been 

made, data available from the limited epidemiological studies suggest the prevalence of dental 

caries for twelve year-old children is similar for seven year-olds compared to other Arab 
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countries (Omar and Pitts, 1991; Hawew et al., 1996; Al-Sharbati et al., 2000; Ingafou et al., 

2003) and no study has published data related to dental erosion in children or adults in Libya.  

This means the prevalence and severity of dental erosion in Libya is unknown and this is 

despite the growing concern regarding the prevalence and severity of dental erosion and its 

risk factors especially amongst children in developed countries.  This situation is alarming, 

bearing in mind the escalating cost of reparative dentistry.  Over recent decades, with the 

decline in the prevalence and severity of dental caries in children in industrialised countries, 

there has been an interest in other oral health diseases including dental erosion (Szoke and 

Petersen, 2000; Walker et al., 2000; Nunn et al., 2001; Dugmore and Rock, 2003a; Barbour 

and Rees, 2006; Chadwick et al., 2006; Auad et al., 2007; McGuire et al., 2009).  As a result, 

most epidemiological studies of dental erosion have been undertaken in developed countries 

and within the last 20 years, many studies on dental erosion have been carried out.  In the UK, 

the evaluation of tooth erosion was included in its National Dental Health Survey in 1993 and 

in 2003, demonstrating the importance of this problem (O'Brien, 1994; Chadwick and Pendry, 

2004).  Despite dental erosion being identified as a significant oral health concern within 

developed countries, it has received no attention in Libya.  Tooth surface loss (TSL) is the 

pathological non-carious loss of tooth substance resulting from erosion, attrition and abrasion.  

Sometimes however, tooth wear is a result of normal physiological process of aging, but it is 

usually a combination of attrition, abrasion and erosion.  Attrition is the result of wearing of 

dental hard tissue caused by tooth-to-tooth contact during mastication or grinding of teeth, 

abrasion is caused by an object-to-tooth contact, such as tooth brushing, while erosion is the 

irreversible loss of dental hard tissue due to a chemical process not involving bacteria.  

Combinations of these three processes may result in more TSL (Imfeld, 1996; Chadwick and 

Pendry, 2004).  In children, erosion appears to be the major cause of TSL (Smith and Knight, 

1984b; Millward et al., 1994b; Milosevic, 1998; Chadwick et al., 2006), whereas abrasion is 

uncommon in children.  On the other hand, attrition is common in children, particularly in the 
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primary incisors which show signs of attrition at the time of exfoliation.  Attrition and 

abrasion may compound erosion (Chadwick and Pendry, 2004).  Early diagnosis of dental 

erosion is important in order to provide treatment and prevent further damage to the tooth 

surfaces and also to prevent the complications of dental erosion such as sensitivity, pain, poor 

aesthetics and expensive and complex treatment of the eroded teeth (Lussi et al., 2000).  The 

aetiology of dental erosion is linked to extrinsic and intrinsic acids.  Extrinsic sources of acid 

include diet, environment and medication, and intrinsic sources include acids due to vomiting, 

reflux or chronic regurgitation when gastric acids return to the mouth (Imfeld, 1996; Zero, 

1996; Wickens, 1999; Hemingway et al., 2006; Milosevic, 2006; Jasz et al., 2007; Kitchens 

and Owens, 2007; Waterhouse et al., 2008).  Several epidemiological studies have found links 

between the consumption of acidic items and dental erosion (Asher and Read, 1987; Millward 

et al., 1994a; Larsen and Nyvad, 1999; Kunzel et al., 2000; Milosevic et al., 2004; Dugmore 

and Rock, 2004b). However, any association between dental erosion and dental caries is not 

clear and in some studies there is no clear evidence if there are common risk factors between 

them (Kunzel et al., 2000; Truin et al., 2005; Auad et al., 2009).  On the other hand, other 

researchers report an association between the two conditions (Al-Malik et al., 2002; Dugmore 

and Rock, 2004a; Dugmore and Rock, 2004b; Kazoullis et al., 2007).  It is difficult, however, 

to compare the results of different studies due to the use of different indices to measure the 

prevalence and severity of dental erosion, especially when the sample numbers, age groups, 

gender, and number of examined teeth included in the studies also differ.   

1.2 Dental health care in Benghazi 

In Benghazi, the Ministry of Health provides the dental health services to all ages of people 

through the public dental clinics.  In general, dental health services are spread throughout the 

city.  The main treatments are minor oral surgery, tooth scaling and restorations. There has 
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been very little development of preventive services.  Government expenditure has been 

centred on diagnosis and treatment of dental disease rather than preventive programmes.  All 

hospital dental clinics receive support from the Ministry of Health.  In addition, there is a 

private dental sector which provides all types of oral health treatment within different 

specialities to people who are able to pay the relatively high cost.  There is one public Dental 

School in Benghazi from which dentists graduate after six years of studying and which has 

contributed to a steady increase in the number of dentists in Benghazi.  The Dental School 

provides care for adults referred from dental clinics and schoolchildren referred through the 

School Health Programmes.  In Benghazi, a privately funded Dental School has recently been 

established.  The oral health services in Benghazi have been developed with little evidence of 

the dental needs of the population.  This may be a result of insufficient priority being given to 

the collection of oral health data.  There are few dental epidemiological data for Libya.  Those 

data available indicate that dental caries is still a major oral health problem for all age groups 

in Libya, despite significant oral health achievements in developed countries.   

1.3 Dental caries 

There are indications that dental caries is increasing in children, for example, in a study by 

Omer (1989) of 7 year-old children in 1989 in the rural area of Kufra in the south of the 

country, showed  the mean dmft was 3.68 and  the mean DMFT was 0.90 for 12 year-olds. In 

the urban area of Tobruk in the north of the country (along the coast line), the mean dmft was 

2.81 for 7 year-old children and a mean DMFT of 0.78 was recoded for 12 year-olds.  A study 

undertaken in Tripoli involving 10-13 year-old children reported a mean DMFT of 1.58 

(Baccush and Nayak, 1991).  In a study by Hawew et al. (1996) the oral health of children in 

two cities in Libya with different fluoride levels in the drinking water was investigated; 

Benghazi (0.8 ppm) and Jardinah (1.8 ppm).  The mean dmft of 6 year-old children in 
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Benghazi private schools was 3.12, and in Benghazi state schools was 2.32.  In Jardinah state 

schools (there were no private schools in Jardinah) the mean dmft for 6 year-olds was 1.07.  

There was no dental caries in 61% of children in Jardinah, while the percentage of children 

with caries experience in the Benghazi state and private schools were 38% and 33% 

respectively.  Of the children in Benghazi private schools only 4% had one or more restored 

teeth, while 15% of children had one or more extracted teeth due to caries.  In both state 

schools in Benghazi and Jardinah, there was even less evidence of restorative care with only 

1% of subjects having a filling present.  Only 2% of children in Jardinah had lost teeth due to 

dental caries, compared to 10% of children in Benghazi state schools.  The DMFT of 12 year-

old children from state (1.17) and private schools (1.12) in Benghazi was very similar, while 

the DMFT of children in the state schools in Jardinah (0.87), was lower than in Benghazi state 

and private schools.  A study by Al-Sharbati et al. (2000) investigated the prevalence of 

dental caries in 6-12 year-old Libyan children, in Benghazi city.  The total number of children 

dentally examined was 762, from 11 public schools and three different socioeconomic levels.  

The mean DMFT at 12 years was 1.63, and the prevalence of dental caries was 50%, but the 

filling needs met was only 0.01%.  The prevalence of dental caries was higher in lower social 

areas (66.5%) than in middle social areas (59.8%) and high social areas (59.2%), however the 

differences were not statistically significant.  In a more recent study undertaken in Benghazi 

in 2002 (Ingafou et al., 2003), investigating the oral health of 685 children below the age of 

six years, it was found that more than half of these children (58%) had carious primary teeth 

(mean dmft = 2.58), and the prevalence increased in older children.  Fewer restored teeth were 

found in this study; about 23 fillings in 12 children.  In addition, there were missing primary 

teeth due to dental caries in 32 children.  Of these pre-schoolers, 72% had plaque deposits and 

gingivitis, more than half (58%) needed restorative treatment, whereas 8.6% had single or 

multiple teeth indicated for extraction.  Of the total sample, 22 6 year-old children had a mean 

dmft of 2.27.  The results of this study show a similar prevalence of dental caries when 
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compared with study populations of the same age group from published data for other Arab 

countries which increased with age, but the children had higher levels of gingivitis.  The 

limited published studies regarding dental caries in Libyan children are summarised in Table 

1.1 and Table 1.2.   

Table 1.1: Results of studies of dental caries affecting the primary teeth of Libyan children. 

Author Date Area N Age d m f dmft 

(Omar, 1989) 1987 Kufra 91 7 3.02 0.55 0.11 3.68 

(Omar, 1989) 1987 Tobruk 116 7 2.54 0.27 0.00 2.81 

(Hawew et al., 
1996) 

1994 Benghazi1 343 6 2.85 0.22 0.05 3.12 

(Hawew et al., 
1996) 

1994 Benghazi2 396 6 2.17 0.13 0.03 2.32 

(Hawew et al., 
1996) 

1994 Jardinah 94 6 1.03 0.03 0.01 1.07 

(Ingafou et 
al., 2003) 

2002 Benghazi 22 6    2.27 

    1Private schools     2State schools 

Table 1.2: Results of studies of dental caries affecting permanent teeth of Libyan children. 

Author Date Area N Age D M F DMFT 

(Omar, 1989) 1987 Kufra 97 12 0.49 0.21 0.20 0.90 

(Omar, 1989) 1987 Tobruk 130 12 0.56 0.10 0.12 0.78 

(Baccush and 
Nayak, 1991) 

1991 Tripoli 720 10-13 1.34 0.21 0.03 1.58 

(Hawew et al., 
1996) 

1994 Benghazi1 205 12 0.99 0.03 0.11 1.12 

(Hawew et al., 
1996) 

1994 Benghazi2 373 12 1.06 0.05 0.06 1.17 

(Hawew et al., 
1996) 

1994 Jardinah 126 12 0.84 0.02 0.00 0.87 

(Al-Sharbati 
et al., 2000) 

1993/94 Benghazi 46 12 1.26 0.35 0.02 1.63 

    1Private schools   2State schools       
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1.4 Dental trauma and tooth extraction 

Traumatic dental injury has physical and psychological effects.  Traumatic injuries amongst 

children increase as the child starts to walk and continues into childhood due to falls, road 

traffic accidents and sporting activity.  Dental injuries usually involve the anterior teeth which 

may lead to difficulty in speaking, eating and affect the aesthetic appearance.  A study carried 

out by Khalil et al. (1981) investigated the reasons for the extraction of 7000 permanent teeth 

in adult patients in Benghazi.  The most common reason for the extraction was dental caries 

(66.3%).  The other reasons for tooth extraction were periodontal disease (28%), impacted 

and malpositioned teeth (2.3%), trauma (1.8%), orthodontics (1.2%) and teeth related to cysts 

and tumours (0.4%).  The main reason for the extraction of the first permanent molar in 

92.3% of cases was due to dental caries, while for the extraction of the lower central incisors 

the majority of cases was due to periodontal disease, whilst the loss of the upper central 

incisors was due to trauma.  In a study by Hassan (2000) in Sebha city, a rural area located in 

the middle of the Libyan desert, the reasons for tooth extraction in 600 adult patients were 

investigated.  The main reason for tooth loss was dental caries; the second most common 

reason was periodontal disease.  The other reasons were trauma, impaction, and orthodontic 

treatment.  The study found the highest incidence of tooth extraction among low education 

status patients (53%), while the lowest incidence was found among university graduate 

patients (12%).   

In a study carried out in the children’s department of Benghazi Dental Hospital, to investigate 

dental trauma of 1561 preschoolers who attended as patients over a two year period, 5.6% of 

the children attended the hospital due to trauma to their anterior teeth (Algalyi and Herwis, 

2003).   

 7



1.5 Exposure to fluorides 

In the early 1990’s the water supply in Benghazi changed from the old water resource (Sidi 

Mansou and Beninah water wells) with a fluoride concentration of 0.8 ppm, to the Great Man-

made River (GMR) with a fluoride concentration 0.65 ppm.  The project was initiated in 

1983, and the work commenced in 1984 by the Great Man-made River Authority (GMRA, 

1983). The ground water from reservoirs was pumped through pipe lines from the desert in 

the south to the north where most of cities are located.  The first districts to receive water 

from the GMR were in Benghazi during August 1991 and subsequently through the 1990’s 

the GMR became the main source of drinking water in all Benghazi districts, with Tripoli 

supplied by September 1996.  The water supply in Benghazi’s districts sometimes changes or 

is mixed with the old water resource (Sidi Mansour and Beninah water wells) if any technical 

problems occur with the supply from the GMR (GMR Pers. Comm. 2006).  An estimation of 

the concentration of fluoride in drinking water from the GMR is 0.65 ppm (samples of 

drinking water analysed in Newcastle University laboratory).  In Libya, fluoride tablets and 

fluoride mouth rinses are not generally in use, but fluoride toothpaste has been marketed in 

Libya for more than forty years.  The other source of fluoride is tea, which is the national 

drink, especially popular in rural areas.  

1.6 Diet  

Following the discovery and export of oil in Libya in 1960s, the national Libyan income 

increased.  As a result, the whole lifestyle of the nation has changed with many goods and 

foodstuffs now being imported.  Consequently food, culture and customs have changed and 

have become ‘westernised’ in terms of consumption of sweets, sugary food and 

confectionaries.  Snacks, high in refined carbohydrate are given to children to by their parents, 

 8



as a treat between meals.  All types of sticky, sweet food are sold in school canteens.  

Children quench their thirst with sugary drinks rather than water.  Consumption of 

manufactured sugary drinks is considerable because of the high ambient temperature.  Sugary 

foods and drinks are more readily available in urban rather than rural areas (Hawew, 1995).  

A questionnaire based survey was undertaken in Benghazi and Jardinah for 12 year-old 

children and collected data about sweet-eating habits, consumption of soft drinks and use of 

bottled water (Hawew, 1995).  Overall, for the sample of 704 children 79.7% reported that 

they ate sweets once per day, 18.8% ate sweets twice per day, 0.3% ate sweets more than 

twice a day and 1.3% never ate sweets.  In Benghazi private schools, 71.7 % of the children 

reported that they ate sweets once a day. In Benghazi state schools, 82.8% of the children 

claimed to eat sweets once a day.  In the Jardinah state schools 83.3% of the children reported 

that they ate sweets once a day.  There was no significant difference in sweet consumption 

between the two cities.  In Benghazi private schools 9.8% of the children reported they always 

drank bottled water, 85.9% sometimes, and 4.4% never drank bottled water.  In Benghazi 

state schools 2.9% always drank bottled water, 65.4% drank it sometimes and 31.6% never 

drank it.  In Jardinah state schools there were marked difference in bottled water 

consumption, only 0.8% drank bottled water, the majority (99.2%) never consumed it.  In the 

Benghazi private and state schools, similar proportions (92.2%, 92.5%) claimed to have soft 

drinks once a day whereas, in the Jardinah state schools only 48.4% reported their use once 

per day.  There were marked differences in the frequency of consumption of soft drinks 

between the three groups.   

1.7 Dental opacities  

Despite the different concentrations of fluoride in drinking water in different areas of Libya, 

few studies have been conducted to determine the prevalence of dental opacities in Libyan 
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children.  A study carried out by Omar (1989), determined the prevalence of enamel mottling 

in Kufra, (water F= 0.75 ppm) and Tobruk, (water F= 0.2 ppm).  Regarding the proportions of 

children with enamel mottling by area and gender, it was shown that 2.3% of teeth of the total 

of 1935 children had enamel mottling, (boys 1.9% and girls 2.7%).  The comparable figures 

for Kufra were 2.0%, 1.6% and 2.6% respectively and for Tobruk the figures were 2.6%, 

2.2% and 2.8% respectively.  There were no significant differences between areas, but the 

prevalence of enamel mottling was slightly higher in Tobruk, despite the low fluoride water in 

this area.  The results from this study showed that enamel mottling amongst this sample of 

Libyan children was not common and not related to fluoride exposure.  A total of 532 twelve 

year-olds from Benghazi and Jardinah were dentally examined to record developmental 

enamel defects (Ellwood et al., 1996).  The fluoride concentration of drinking waters was 0.8 

and 1.8 ppm respectively during the developmental period of the teeth considered in this 

study.  The prevalence of subjects with dental fluorosis measured using the TF index 

(Thylstrup and Fejerskov, 1978) on the upper permanent central incisors was 52% in private 

schools, and 45% in the state schools in Benghazi and 79% in state schools in Jardinah.  The 

prevalence of subjects with demarcated opacities, as recorded by the DDE index (Federation 

Dentaire Internationale, 1992), was 21% and 14% in private and state schools in Benghazi 

respectively and 10% in state schools in Jardinah.  These differences were not statistically 

significant.   

A recent study conducted to assess developmental enamel defects in 378 7-8.9 year-old 

children in Benghazi found that of the total sample, 11 children (2.9%) had molar-incisor 

hypomineralization (MIH).  The mean number of demarcated opacities in first molars was 

1.5.  All the lesions were mild and found only in 1.1% of the children’s first molars.  Only 6 

children (1.6%) had diffuse opacity and 3 (0.8%) had hypoplasia.  The total number of 

defective teeth was 50 (2.7%); 18 (36%) molars and 32 (64%) incisors. Molar incisor 
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hypomineralization was very rare in this group, only 11 out of 378 children had molar incisor 

hypomineralization and this is the lowest prevalence of MIH reported so far (Fteita et al., 

2006).   

1.8 Oral health practice and periodontal diseases  

Anecdotal evidence from discussions amongst Libyan dentists suggests that many children do 

not brush their teeth and there is little interest in oral hygiene.  This is supported by a number 

of studies which have looked oral health practices.  Omar and Pitts (1991) carried out a study 

on 2015 schoolchildren to compare the oral hygiene status of rural children (Kufra) with 

urban children (Tobruk) aged between 7 and 16 years.  This study used a simplified oral 

hygiene index and found that the mean oral hygiene score was 0.13 in the rural group and 

0.10 in the urban group and this difference was not statistically significant.  The overall mean 

gingival index for both groups was 0.05.  In the rural area 4.9% of the children aged 15 and 

16 years had signs of periodontal pocketing, while 3.5% of urban group had signs of 

periodontal pocketing.  The depths of 90.2% of these pockets were between 3.5 and 5.5mm.  

The author suggested the reasons may be due to the poor dental health education and absence 

of organised dental preventive measures.  In study conducted in Benghazi and Jardinah 

(Ellwood et al., 1996) to record extrinsic stains of 532 12 year-olds, the prevalence of subjects 

with extrinsic stains as measured by the Lobene Index (Lobene, 1968) was 58% and 70% in 

private and state schools in Benghazi, and 97% in those subjects living in Jardinah (p= 0.01).  

When oral health practices among 762 children aged 6-12 years from eleven public schools in 

Benghazi city were investigated in 2000, 42.1% of the total sample did not brush their teeth 

(Al-Sharbati et al., 2000).  In higher social groups a lower proportion of children did not 

brush their teeth (21.2%) compared with middle social groups (38.9%), while the lower social 

groups had the highest proportion of non-brushers (65.4%).  The number of tooth brushers 
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increased with the increased educational levels of both parents.  Children with parents who 

were university graduates brushed their teeth more than whose parents had a lower level of 

education or were illiterate.  A practice-based survey was carried out on 280 Libyan children 

aged 6-12 years who attended as dental patients in the children’s department of Benghazi 

Dental Hospital (Ali, 2004).  Some questions were asked regarding the use of tooth brushing 

and the survey found that a high number of children (59%) reported undertaking no tooth 

brushing at all, 19% brushed once per day, 16% brushed twice per day while 7% brushed 

three times per day.   

1.9 Dental erosion 

There are no data relating to the prevalence of dental erosion in children or adults in Benghazi 

or any other area in Libya.  Consequently, there are no data on its association with potential 

risk factors for erosion such as consumption of acidic dietary items or its association with 

dental caries.   

1.10 Summary 

There is a lack of dental epidemiological data and there is no information about the 

prevalence of dental erosion in Libya.  Dental caries prevalence and severity in children in 

Libya are high.  Dental services within communities and within the school dental services are 

not able to provide all the dental treatment needed by children (Al-Sharbati et al., 2000), 

therefore, there is an urgent need for oral health programmes such as dental health education, 

caries prevention programmes and improvement of oral health services to meet the treatment 

need by children.  Further oral epidemiological studies are needed in the future to monitor the 

dental health in Libyan schoolchildren.   
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Chapter 2  

Literature review 

2.1 Introduction 

Dental erosion appears to be a relatively recent phenomenon. There has been an increasing 

interest in dental erosion in recent decades, especially following the decline in prevalence of 

dental caries in children from developed countries (Szoke and Petersen, 2000; Nunn et al., 

2001; Dugmore and Rock, 2003a).  This decline in dental caries in some countries may be due 

to reduced consumption of sugar, improved oral hygiene practices, presence of fluoride in 

tooth paste, topical fluoride application and fluoride rinsing (Bartlett et al., 1996).   

In addition, the use of fissure sealants as preventive measures (Simonsen, 2002), and the use 

of oral health school education programmes in many developed countries (Wang et al., 1998) 

has enhanced the reduction in caries prevalence.   

The aim of this chapter is to provide a summary of the published data related to dental erosion 

and its association with the potential risk factors.   

Some of the literature review will be presented in outline, with the remaining presented in 

more detail, depending on the level of importance to the current study.   

2.2 Aetiology and clinical features of dental erosion 

Dental erosion is defined as irreversible loss of dental hard tissues by a chemical process that 

does not involve bacteria (Eccles and Jenkins, 1974; Imfeld, 1996; Nunn, 1996; Linnett and 

Seow, 2001).  Tooth wear is usually a multifactorial process, comprising; erosion, attrition 

and abrasion.   

Erosion is believed to be the most common mode of tooth wear even though it is often 

difficult to make a definitive diagnosis (Milosevic, 1998).   
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Attrition is caused from direct contact of occlusal or proximal surfaces, while abrasion is 

produced by exogenous material being forced over tooth surfaces.  Tensile forces induced by 

occlusal loads also may lead to tooth wear from cervical enamel micro fractures on facial and 

occasionally, lingual surfaces; this process is known as abfraction (Osborne-Smith et al., 

1999).   

Tooth surface loss (TSL) is pathological non-carious loss of tooth tissues resulting from 

erosion, attrition or abrasion.  Erosion is the major cause of TSL in children and adolescents 

while abrasion is uncommon in this age group (Smith and Knight, 1984b; Milosevic et al., 

1994; Millward et al., 1994b; Chadwick et al., 2006).  On the contrary, attrition is common in 

the primary dentition (Chadwick and Pendry, 2004).   

Dental erosion is a multifactorial condition; the erosive potential of acidic drinks and foods 

depends on chemical factors; for example, pH, titratable acidity, mineral content and 

biological factors; for example, saliva (flow, buffering capacity), acquired pellicle, and 

position and structure of the tooth related to soft tissues and tongue.   

In addition, behavioural factors such as drinking and eating habits, exercise, oral hygiene, 

acidic drinks and food, regurgitation, vomiting, drugs, occupation and interaction of  all these 

factors explain why some individuals exhibit more erosion than others and only certain teeth 

are affected with erosion in the mouth, after exposure to the same acid challenge (Lussi and 

Jaeggi, 2008).   

Many cases of dental erosion go undiagnosed in children, and are not identified until 

adulthood, when the dental erosion becomes severe and difficult to treat (Barron et al., 2003).  

The aetiology of dental erosion is termed idiopathic, or due to extrinsic or intrinsic acids, 

according to the case history; idiopathic erosion is the result of contact with acids of unknown 

origin (Moss, 1998).   
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Acids with a pH below the critical pH of dental enamel (5.5) can cause superficial 

demineralization of the enamel and dissolution of the subsurface layers and then loss of tooth 

structure (Barron et al., 2003).   

Extrinsic sources of acid include beverages, such as soft drinks, citric fruit juices, carbonated 

beverages, fresh fruit excluding bananas, pickled foods and certain sauces which contain 

acetic or citric acid.   

Intrinsic sources of acid can arise from a gastroesophageal reflux, vomiting and bulimia.  

Frequent swimming in heavily chlorinated water also is considered as major risk factor for 

dental erosion due to high concentrations of acids in swimming pools (Shaw et al., 1998).  

Table 2.1 shows the definition of the different types of tooth wear and its clinical features 

(Gandara and Truelove, 1999).   

A smooth silky-glazed appearance with the absence of perikymata and intact enamel along the 

gingival margin, with cupping and grooving on occlusal surfaces of teeth are some of the 

documented typical features of dental erosion (Lussi et al., 2006).  The location of dental 

erosion depends on the causative factor (Nunn et al., 1996).   

The most commonly affected surfaces due to vomiting are the palatal surfaces of the upper 

anterior teeth and premolars, and the occlusal surfaces of the lower premolar and molar teeth.  

In contrast, dental erosion is seen on labial surfaces of the upper anterior teeth in addition to 

the surfaces previously mentioned in the case of high consumption of acidic beverages.   

The presentation and location of dental erosion may be influenced by habitual practices; the 

excessive consumption of oranges by Cuban children explains the erosion seen on upper 

central incisors along the incisal edges in mesio-distal direction, the typical v-shaped surface 

loss reflecting the manner in which the children ate the fruit; eating of partly peeled, halved 

oranges (Kunzel et al., 2000).   
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Table 2.1: List of the definition of tooth surface loss and clinical appearance (Gandara and 
Truelove, 1999). 

Tooth Wear 
Term Definition 

 
Clinical Appearance 

Erosion Progressive loss of hard 
dental tissue by chemical 
processes not involving 
bacterial action 

Broad concavities within smooth surface enamel 
Cupping of occlusal surfaces, (incisal grooving) with 
dentine exposure. 
Increased incisal translucency 
Wear on non-occluding surface 
“Raised” amalgam restorations 
Clean, non-tarnished appearance of amalgams 
Loss of surface characteristic of enamel in young 
children. 
Preservation of enamel “cuff” in gingival crevice is 
common. 
Hypersensitivity. 
Pulp exposure in deciduous teeth.    

Attrition Loss by wear of surface of 
tooth or restoration caused by 
tooth to tooth contact during 
mastication or parafunction 

Matching wear on occluding surface 
Shiny facets on amalgam contacts 
Enamel and dentine wear at the same rate 
Possible fracture of cusps or restoration 

Abrasion Loss by wear of dental tissue 
caused by abrasion by foreign 
substance (e.g., toothbrush, 
dentifrice) 

Usually located at cervical areas of teeth 
Lesions are more wide than deep. 
Premolars and cuspids are commonly affected. 

Abfraction Loss of tooth surface at the 
cervical areas of teeth caused 
by tensile and compressive 
forces during tooth flexure 

Affects buccal/ labial cervical areas of teeth 
Deep, narrow v-shaped notch 
Commonly affects single teeth with excursive 
interferences or eccentric occlusal loads 

2.3 Indices for measuring dental erosion 

Several dental indices are available to measure tooth wear in general and dental erosion in 

particular.  Recently, several methods to measure tooth wear in both in vitro (Grenby, 1996; 

Lussi et al., 2000; Johansson et al., 2001; Cairns et al., 2002; Fraunhofer and Rogers, 2004; 

Hemingway et al., 2006) and human studies have been used.   

It is difficult to distinguish between the three main types of tooth wear; dental erosion, 

abrasion and attrition, since that seen in a mouth may be the result of a combination of all 

three.  Enamel softened by erosion is more susceptible to attrition and abrasion (Linnett and 

Seow, 2001).  Some of the indices provide reasonable estimates of prevalence of dental 

erosion but they may under-estimate the extent of tooth wear present when compared with 

histological examination (Al-Malik et al., 2001a).  There have been a number of indices used 
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to measure dental erosion in different age groups, and different teeth groups (Table 2.2).  

These include: 

 An index introduced in Wales to measure dental erosion of all permanent teeth of 

adults.  The index was presented as a comprehensive qualitative index, grading both severity 

and site erosion due to non-industrial causes into three classes of erosion (Eccles and 

Jenkins, 1974).   

 The Smith and Knight index used to measure tooth wear is one of the most 

comprehensive indices used and has been used in adult population but it does not distinguish 

between the three main types of tooth wear.  Clinical examination of 4 surfaces giving 128 

scores in complete adult dentition.  Score 0-4 per surface (Smith and Knight, 1984a).  

Modifications of the index have been introduced (Milosevic et al., 1994; Millward et al., 

1994b) and used in several studies.   

 An index introduced in Switzerland to assess erosion of permanent teeth in adults 

using a random sample of 391 subjects.  The erosion index assessed the facial, lingual and 

occlusal surfaces of all teeth except third molars.  The index comprised 4 grades for facial 

surfaces (0-3) and 3 grades for occlusal surfaces (0-2) (Lussi et al., 1991).   

 An index used in National Survey of Child Dental Health  in the United Kingdom in 

1993 to measure dental erosion of primary and permanent maxillary teeth of 17061 5-15 

year-olds using a modification of the Smith and Knight index.  Assessment of 4 teeth per 

child for depth and area of erosion. Score of 0-3 for both depth and for area with a score for 

unable to assess (O'Brien, 1994). 

 An index introduced in England to measure dental erosion on patients referred to a 

dental hospital.  The Tooth Wear Index of Smith and Knight (1984) was used.  The results 

were classified into three groups; no or mild erosion, moderate dental erosion (with dentine 
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involvement), and severe dental erosion (Millward et al., 1994a).  This index also was used 

to measure erosion of all primary teeth (Millward et al., 1994b).   

 An index used in the UK National Diet and Nutrition Survey (1995) of 1½-4½ year-

olds using the same diagnostic criteria for dental erosion as the UK National Survey of Child 

Dental Health (1993) (Hinds and Gregory, 1995).   

 An index introduced in Saudi Arabia to measure dental erosion of maxillary incisors 

and canines. Clinical, study casts, radiographic and photographic examination were used 

(Johansson et al., 1996).   

 An index introduced in England, used to assess dental erosion in primary and young 

permanent dentition in children and patients.  This index was designed to include the site of 

erosion on each tooth, grade of severity (worst score for any individual tooth recorded) and 

area of tooth surface affected by erosion (O'Sullivan, 2000c).   

 An index introduced in Cuba to assess dental erosion in maxillary incisors using the 

following metric grades; grade 0.5, first sign of enamel wear, grade 1, the crown is markedly 

shortened at the mesial edge (>1mm), grade 2, the incisal destruction has progressed mesio-

distally to involve the distal edges of both central incisors, grade 3, further loss of incisal 

hard tissue involving the mesial edges of the lateral incisors (Kunzel et al., 2000).   

 An index introduced in Denmark based on clinical examination, photographs and casts 

of the teeth, with complicated qualitative and quantitative criteria.  Incisors, canines and 

premolar of adults were assessed.  Each tooth surface was scored, with six grades of erosion 

severity modelled from Smith and Knight (Larsen et al., 2000).   

 An index introduced in England, partially recording using 6 or 12 anterior teeth for 

measuring tooth wear in adults.  Tooth wear data were recorded on a surface-by-surface 

basis on each tooth using Smith and Knight Index.  The index used scores 0-4.  The 

combined codes 0 and 1 represent very minor wear (no dentine exposed), grade 2-loss of 
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enamel exposing dentine for less than one-third of surface was considered minimal wear, 

grade 3-loss of enamel exposing dentine for more than one-third of surfaces but without pulp 

exposure or exposure of secondary dentine was considered as moderate wear, and grade 4-

complete loss of enamel on a surface or exposure of secondary dentine or pulp was 

considered as severe (Steele and Walls, 2000).   

 An index introduced in England, Scotland and Wales used in the 1996/97 National 

Diet and Nutrition Survey to measure dental erosion of primary and permanent maxillary 

incisors and primary and permanent first molars of 4-18 year-olds.  The index was a 

modification of the Smith and Knight Index (Walker et al., 2000).  This index was also used 

to measure the prevalence of tooth erosion in 1753 12 year-old Leicestershire children and 

dental erosion was assessed on the labial and palatal surfaces of upper and lower incisors and 

on buccal, occlusal and lingual surfaces of first molars (Dugmore and Rock, 2004a).  The 

index also was used to assess dental erosion affecting the labial and palatal surfaces of the 

upper incisors and the occlusal surfaces of the first permanent molars in 458 13-14 year 

Brazilian children (Auad et al., 2007).   

 An index used to investigate the prevalence of dental erosion in 202 5 year-old 

children in Cork City and County using a scoring system and criteria based on indices used 

in the UK.  This index assessed the dental erosion affecting palatal and labial surfaces of 

primary maxillary teeth (Harding et al., 2003).   

 An index used in Child Dental Health Survey 2003 in the UK to measure tooth surface 

loss (TSL) of primary and permanent incisors and permanent molar teeth.  The term tooth 

surface loss was used in preference to erosion which was used in the 1993 survey as it was 

felt it more accurately reflected the multifactoral aetiology of the condition.  The index was a 

modification of the Smith and Knight Index (Chadwick and Pendry, 2004).   

 A new scoring system, the Basic Erosive Wear Examination (BEWE), was introduced 

recently to provide a basic structure to initiate the development of an internationally 
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 A modified wear index according to basic principle of Smith and Knight Index was 

developed, wear of enamel and dentine recorded separately by area and depth using 5- and 6-

point scales, respectively (Fares et al., 2009).   

standardised accepted index.  The BEWE is a partial scoring system recording the most 

severely affected surface in each sextant with a cumulative score to recommend clinical 

management.  It has been used by research field and dental clinicians.  The four scores are; 

no surface loss (0), initial loss of enamel surface texture (1), hard tissue loss (dentine) less 

than 50% of the surface area (2) or hard tissue loss  equal or more than 50% of surface area 

(3) (Bartlett et al., 2008).   
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Table 2.2: Indices for measuring dental erosion. 

Author Country Sample and Age Index used Teeth Surfaces 
(Eccles and Jenkins, 1974) Wales Adults 3 main classes for erosion (scale of severity) Permanent teeth B/L/I/O 
(Smith and Knight, 1984a) UK Adults Clinical exam of 4 surfaces giving 128 scores. Score 0-4/surface Permanent teeth B/L/I/O/C 
(Lussi et al., 1991) Switzerland Adults 4 grads for facial surfaces and 3 grads for occlusal surfaces Permanent teeth B/L/O 
(O'Brien, 1994) UK Children 5-15 y-olds 

CDH Survey 2003 
Modified Smith and Knight index Primary and permanent 

maxillary incisors 
B/L 

(Millward et al., 1994a) England Children 4-5 y-olds Modified Smith and Knight index Primary teeth B/L/I/O 
(Hind and Gregory, 1995) Scotland, 

England, Walls 
Children 1½-4½ y-
olds 

Modified Smith and Knight index Primary teeth B/P 

(Johansson et al., 1996) Saudi Arabia 19-25 y-olds Clinical, study casts, radiographic, photographic examination Maxillary teeth B/L 
(O'Sullivan, 2000c) England Children and 

patients 3-16 y-olds 
Three-digit score relating to site of erosion, severity (grade0-5) 
and area of surface affected 

Primary and permanent 
teeth 

B/L/I/O 

(Kunzel et al., 2000) Cuba Children 12 y-olds Metric grades of progression Maxillary incisors B/I/L 
(Larsen et al., 2000) Denmark Adults Combination of clinical exam, Photographs and study casts Anterior and premolars B/L/O/C 
(Steele and Walls, 2000) England Adults Modified Smith and Knight index Anterior teeth B/L/O/I/C 
(Walker et al., 2000) England, 

Scotland, Wales 
Children 4-18 y-olds 
NDNS 

Modified Smith and Knight index Primary and permanent 
upper incisors,first molar  

B/L/O 
 

(Harding et al., 2003) Republic of 
Ireland 

Children 5 y-olds 
Irish Dental Survey 

Modified Smith and Knight index Primary maxillary teeth B/L  

(Chadwick and Pendry, 
2004) 

UK Children age groups 
8,12 and 15 y-olds 
CDH Survey 2004 

Modified Smith and Knight index Primary and Permanent 
incisors and permanent 
first molars 

B/L/O 

(Dugmore and Rock, 
2004a) 

Leicestershire Children 12 y-olds  Modified Smith and Knight index Permanent upper, lower 
incisors and first molars 

B/L/P/O 

(Auad et al., 2007) Brazil 
 

Children 13-14 y-
olds 

Modified Smith and knight index Permanent upper 
incisors and first molars 

B/L/O 

(Bartlett et al., 2008) UK Children and adults Basic Erosive Wear Examination (BEWE), partial scoring system 
recording the most severely affected surface, scores 0-3 

 B/L/P/O/C 

(Fares et al., 2009) UK Adults Modified wear index, enamel and dentine wear recorded separately incisors and first molars B/C/I/P 
B = Buccal,   L = lingual,   I = Incisal,   O = Occlusal,   C = Cervical       
 



2.4 Prevalence studies of dental erosion in children  

The extent of epidemiological data related to dental erosion varies widely between countries.  

Dental erosion is considered a significant oral health concern in developed countries.  There 

are many information on prevalence of dental erosion and its risk factors in industrialised 

countries, while few data on dental erosion in developing countries.  Dental erosion 

assessment was first included in the UK Children’s Dental Health Survey in 1993 and has 

been repeated regularly at 10 year intervals.   

Using of different methods to assess dental erosion, different teeth groups, age groups and 

sample sizes made the comparison of the results between countries difficult.  Despite these 

differences, it may be concluded that dental erosion affects many children and adults.  

Identifying the true prevalence of dental erosion is difficult due to the presence of more than 

one aetiological factor.  In addition, attrition and abrasion may play a role, especially in the 

elderly (Nunn, 1996).  Epidemiological studies have shown an increase in the prevalence of 

dental erosion over time with different age groups (Nunn et al., 2003).  This increase in the 

prevalence varies widely between 2% and 57% over time and the severity varies from loss of 

tooth surface characteristics to pulp involvement (Linnett and Seow, 2001).  The prevalence 

of dental erosion has been shown to be high in children and adolescents; approximately 1/3 of 

5-6 year-old children in Belgaum, India had dental erosion (Deshpande and Hugar, 2004).  In 

a review paper in Netherlands aimed to investigate data on the prevalence of dental erosion in 

adults reported that the increase in tooth wear levels have been shown to be significantly 

related to age (Van't Spijker et al., 2009).  The National Survey of Child Dental Health in the 

UK 1993 to measure dental erosion of primary and permanent maxillary teeth of 17061 5-15 

year-olds showed 52% of 5-6 year-olds had one or more eroded primary incisors. Dental 

erosion had progressed into dentine or pulp in 24% of these children.  In the permanent 

dentition, 27% of 12 year-olds had dental erosion.  Dental erosion on the palatal surfaces of 
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maxillary incisors was found in 25% of over 11 year-olds.  Dental erosion of the buccal 

surfaces of maxillary incisors was found in 12% of 12-15 year-olds.  Dental erosion into 

dentine or pulp was found only in 2% of subjects over 13 year of age (O'Brien, 1994). 

A study in England to measure dental erosion in patients referred to a dental hospital found 

that over 80% of the maxillary incisors and 30% of primary molars had tooth wear in dentine 

(Millward et al., 1994a) and the prevalence of dental erosion was 38% for 178 4-5 year-old 

children (Millward et al., 1994b).   

The 1995 National Diet and Nutrition Survey in 1 1/2 to 4 1/2 year-old children in the UK 

showed that the prevalence of dental erosion on the palatal surfaces of the maxillary incisors 

was 19% and on the buccal surfaces of the maxillary incisors was 10% of the 1451 subjects.  

Dental erosion affecting the palatal surfaces into dentine or pulp in 8%, and buccally into 

dentine or pulp in 2% (Hinds and Gregory, 1995).   

The prevalence of erosion in 1726 4-18 children was 65%, 61%, 52% and 62% in the 4-6, 7-

10, 11-14 and 15-18 year-old groups respectively in the 1996/97 UK National Diet and 

Nutrition Survey (NDNS).  The proportion with erosion of the buccal surface of the upper 

permanent incisors was 9% for 4-6 year-olds, 23% for 11-14 year-olds and 36% for 15-19 

year-olds.  The proportion of the groups with dental erosion of the palatal surfaces of upper 

permanent incisors was 10% for 4-6 year-olds, and 56% for 15-18 year-olds,  while palatal 

surfaces of the upper incisors were eroded into dentine or pulp in 3% of 11-14 year-olds and 

2% of 15-18 year-olds.  The proportions of these groups with dental erosion of the upper 

permanent first molars were 12% of 7-10 year-olds, 26% of 11-14 year-olds and 34% 0f 15-

18 year-olds (Walker et al., 2000).   

The prevalence of dental erosion was investigated in palatal and labial surfaces of primary 

maxillary teeth in 202 5 year-old children in an Irish study; the prevalence of dental erosion 

was 47% with 21% of children having dental erosion exposing the dentine or pulp (Harding et 

al., 2003).  National surveys of Child Dental Health in the United Kingdom 2003 included 
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measurement of tooth surface loss (TSL) of primary and permanent incisors and permanent 

molar teeth in 10381 children aged 5, 8, 12 and 15 years of age.  The proportions of children 

with tooth surface loss of the buccal surfaces of permanent upper incisors were 4%, 12% and 

14% in 8 year-olds, 12 year-olds, and 15 year-olds respectively.  The proportions of children 

with tooth surface loss of the lingual surfaces of permanent upper incisors were 14%, 30% 

and 33% in 8 year-olds, 12 year-olds, and 15 year-olds respectively.  The proportions of first 

permanent molars with tooth surface loss on the occlusal surface were 10%, 19% and 22% in 

8 year-olds, 12 year-olds, and 15 yea-olds respectively.  Only 2% of 12 year-olds and 4% of 

15 year-olds had TSL into dentine (Chadwick and Pendry, 2004).   

The prevalence of dental erosion in 1753 12 year-old British children from the countries of 

Leicestershire and Rutland was 59.7%, and 2.7% with erosion into dentine ((Dugmore and 

Rock, 2004a).  

A study conducted in Switzerland to assess dental erosion of permanent teeth in adults using a 

random sample of 391 subjects showed 30% of 26-30 year-olds and 43% of the 46-50 year-

olds had dental erosion into dentine (Lussi et al., 1991).  Similarly pronounced dental erosion 

was found in 28% of the maxillary anterior teeth in 19-25 year-olds in Saudi Arabia 

(Johansson et al., 1996).  A study conducted in Cuba to assess dental erosion in maxillary 

incisors for 1010 12 year-old children; from of overall, 17.4% of children had dental erosion.  

The prevalence of erosion was higher in girls (20.7) than in boys (15.0%) (Kunzel et al., 

2000).  However, a higher prevalence was reported in a Saudi Arabian study; prevalence of 

erosion in 354 5-6 year-old boys was 95% and 34% had erosion into dentine or pulp 95% of 

862 12-14 year-old boys had evidence of erosion, and 26% had erosion into dentine or pulp 

(Al-Majed et al., 2002).  In a prevalence study of dental erosion in 11-12 year-old children in 

the Hague, the Netherlands, erosion in 12 year-olds in 1998 and 2002 increased from 3% to 

23% (Truin et al., 2004).   
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In a study investigating the prevalence of dental erosion among 391 12 year-old Brazilian 

schoolchildren for the maxillary incisors found that the prevalence of dental erosion was 13% 

(Peres et al., 2005a).  However, a higher prevalence was found in a more recent study of 

dental erosion on labial and palatal surfaces of the upper incisors and the occlusal surfaces of 

the first permanent molars in 458 13-14 year Brazilian schoolchildren; 34.1% of subjects had 

erosion (Auad et al., 2007).  Another study in Brazil investigated the prevalence of dental 

wear on 24780 dental surfaces in 12 year-old children and found that the overall prevalence of 

dental wear was 26.9%; 53.2% of incisors, 50.5% of canines, 10.2% of premolars and 10.9% 

of molars (Peres et al., 2008).   

Kazoullis et al. (2007) investigated dental erosion in 714 5.5-14.6 year-old Australian 

children: 489 (68%) of the sample had erosion.  Dental erosion was found in 78% of subjects 

with primary teeth and 25% of subjects with permanent teeth.   

El Karim et al (2007) assessed the prevalence of dental erosion on the labial and palatal 

surfaces of maxillary incisors in 157 12-14 year-old Sudanese schoolchildren.  The prevalence 

of dental erosion was 66.9%, of which 45.2% was mild and 21.7% was moderate erosion.  A 

study carried out on 483 12 year-old children in Mashhad, Iran, reported that the prevalence 

of dental erosion for the labial and palatal surfaces of upper incisors was 38.1%, with no 

gender difference (Talebi et al., 2009).  Similarly, in a prevalence study carried out in 1962 

13-19 year-old children in the United States showed that 45.9% had erosive tooth wear in at 

least one tooth (McGuire et al., 2009).   

In a study which investigated influence of diet and salivary characteristics on the prevalence 

of dental erosion in 389 12 year-old children in Brazil, the overall prevalence of erosion was 

26%, erosion into enamel was the most prevalent type (65%), with no significant difference in 

prevalence in gender (Correr et al., 2009).  Another study investigated the association 

between socioeconomic factors and dental erosion in 983 6-12 year-old children in Brazil 
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showed the overall prevalence of dental erosion to be 19.9%; 61.8% in primary dentition and 

38.2% in permanent dentition (Mangueira et al., 2009).   

2.5 Dental erosion and the consumption of acidic foods 

There is increasing consumption of soft drinks among children generally in the world.  From 

data derived from the Children’s Dental Health Survey in 1993 and NDNS study of 4-18 

year-olds in 1996/97 the prevalence of dental erosion is increasing in children in the UK 

(O'Brien, 1994; Walker et al., 2000).  Several studies have reported acidic foods and drinks as 

risk factors for dental erosion (Millward et al., 1994a; Johansson et al., 1997; Milosevic et al., 

1997; Larsen and Nyvad, 1999; Johansson et al., 2001; Al-Majed et al., 2002; Harding et al., 

2003; Dugmore and Rock, 2004b; Milosvic, 2006; EI Karim et al., 2007; Lussi et al., 2007; 

Talebi, 2008).  The National Child Dental Health Survey reported that erosion is common in 

children and suggested that it was caused mainly by acid drinks (O'Brien, 1994; Walker et al., 

2000).  A study of erosive tooth wear in 14 year-old schoolchildren in England revealed that 

over 80% regularly consumed soft drinks; more than 10% of the children studied had more 

than three intakes daily (Al-Dlaigan et al., 2001b).  There is a relationship between nutrition 

and dental diseases, especially its significant effect on dental erosion and caries with dental 

erosion being primarily associated with an acidic diet and soft drinks (Moynihan and 

Petersen, 2004).   

A healthy lifestyle, may lead to dental erosion.  This is because there has been increased 

awareness of healthy diet as part of a healthy lifestyle.  This may lead to increased 

consumption of fruits and vegetables.  It has been suggested that vegetarian diet may be more 

acidic (Al-Dlaigan et al., 2001c).   

Dental erosion is becoming common in both children and adults, with over half of 15-18 year-

olds exhibiting incisal erosion (Al-Dlaigan et al., 2001a).  Lussi et al. (2004), reported the 

main aetiological factors for dental erosion are intrinsic and extrinsic acids.  Of the extrinsic 
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factors causing dental erosion, environmental, diet, medication and lifestyle are included 

(Zero, 1996).  The extrinsic acids from diet such as citric acid, phosphoric acid, ascorbic acid, 

malic acid, tartaric acid and carbonic acids are found in fruits and fruit juices, soft drinks, 

herbal tea, wines and vinegar.  Evidence suggests that frequent intake of acidic drinks and 

foods leads to dental erosion (May and Waterhouse, 2003).  Following an acid challenge, the 

tooth surface softens and then remineralizes on exposure to saliva, but as a result of more 

frequent acid attack the remineralizing ability of saliva is overcome (Amaechi and Higham, 

2001).   

Dietary factors are the most important risk factor for children due to the high consumption of 

acidic foods and drinks.  In 1980s, children aged between 2 and 9 years in the UK consumed 

42% of fruit drinks (Rugg-Gunn et al., 1986b).  Consumption of citrus fruit more than twice 

per day, a soft drink a day and weekly sports drinks are also considered as risk factors for 

dental erosion (Jarvinen et al., 1991).  In addition, a statistically significant relationship was 

found between the dental erosion in Saudi Arabian children and frequency of consumption of 

carbonated soft drinks at night and length of time of these drinks remain in the mouth (Al-

Majed et al., 2002).  Drinks consumed overnight have been shown to be associated with 

increased prevalence of dental erosion (Nunn et al., 2003).  Studies in children and adults 

have shown that dental erosion is associated with frequency of consumption of fruit and 

carbonated drinks (O'Sullivan and Curzon, 2000a; Harding et al., 2003).  High risk factors for 

erosion have been found when citrus fruits were consumed more than twice per day and soft 

drinks were consumed daily (Jarvinen et al., 1991).  Dugmore and Rock (2004b) reported a 

strong association between dental erosion and the amount and frequency of carbonated drink 

consumption.  A study which investigated the aetiological factors of dental erosion in 15 year-

old children found that frequent consumption of beverages was probably related to tooth wear 

(Milosevic et al., 1997).  Consumption of soft drinks was high and common in children with 
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erosion in contrast to consumption of milk, tea, coffee and chocolate (Al-Dlaigan et al., 

2001b), in those without the condition.   

A study of the prevalence of dental erosion and associated factors in 1949 3-5 year-old 

children in China using the erosion index used by the UK National Survey of Children's 

Dental Health, found that 112 children had erosion on their maxillary incisors and 17 children 

had erosion extending into dentine or pulp, with a correlation between the presence of erosion 

and consumption of fruit drinks at bedtime (Luo et al., 2005).   

A study conducted to determine the prevalence of dental erosion and investigate the 

associated risk factors in 157 12-13 year-old schoolchildren in Sudan, the prevalence of dental 

erosion was 66.9% (45.2% was mild and 21.7% moderate) and was strongly associated with 

dietary intake (EI Karim et al., 2007).   

A study investigated prevalence of the dental erosion and its aetiology among 153 11 year-old 

children in Turkey and found that 28% (43) of the children had dental erosion.  Thirty-two per 

cent of children who consumed carbonated orange juices showed erosion and 40% who 

consumed carbonated beverages showed erosion.  Thirty six per cent of children who 

consumed fruit yogurt showed erosion (Caglar et al., 2005).  However, one year later, Caglar 

et al. (2006) tested the pH of each fruit and reported that fruit yogurt has no erosive effect on 

the teeth.  Dental erosion caused by acidic drinks and food consumption commonly affects the 

labial and palatal surfaces of maxillary anterior teeth where food and drinks take longest to 

clear and are at greater risk than the mandibular incisors which are subjected to increased 

salivary washing and buffering (Smith and Shaw, 1993).   

Factors such as the way the drink is administered can affect the severity of dental erosion: use 

of a straw or a child’s feeder cup causes less dental erosion than taking the drink from a glass 

which prolongs clearance from the mouth (Shaw and Smith, 1994).  In addition the 

frequencies of intake, method of drinking (sipping and swishing being most harmful), whether 

drinks are chilled or not (warmer acidic drinks are more erosive) and salivary buffering 
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capacity are reported to have an erosive impact (Milosevic, 1998).  Unusual eating, drinking 

swallowing habits and holding acidic drinks in the mouth for a long period before swallowing 

(which increase the contact time of the acidic drinks with the teeth), increased consumption of 

acidic drinks or consumption of acidic beverage at bedtime are all risk factors which have 

been reported to lead to increased prevalence of dental erosion (Gandara and Truelove, 1999; 

Lussi et al., 2000).  The manner in which acidic drinks and foods are introduced into the 

mouth affects which teeth are contacted by an erosive challenge.  An example of this was 

reported by Kunzel et al.(2000) in Cuban children where the typical v-shaped pattern of 

erosion along the incisal edges in a mesio-distal direction has been attributed to a 

consequence of the frequency and the manner in which citrus fruits are eaten.   

Millward et al. (1994b) examined 101 children aged between 4 and 16.5 years to determine 

the prevalence of dental erosion and found that 21 children had mild erosion, 45 moderate 

erosion and 35 severe erosion.  These differences were statistically significant and related to 

drinking habits.   

Al-Dlaigan et al. (2001b) investigated the dietary intake pattern and its relationship with 

dental erosion in 418 14 years-old British children and found a highly significant correlation 

between dental erosion and consumption of cola drinks, other carbonated drinks, apple juice, 

sport drinks and beer.  Fruit intake was also correlated to erosion; apples, oranges and grapes 

all had significant associations.  Tomato ketchup and yoghurt also showed a correlation with 

erosion.  Children who consistently took vitamin-C tablets also had significant erosion.  Al-

Majed et al. (2002) investigated dental erosion and its relation with dietary habits on 1216 5-6 

and 12-14 year-old Saudi Arabian boys.  Parents reported that 65% of 5-6 year-olds took a 

drink to bed; water was the commonest drink consumed (37%), followed by carbonated soft 

drinks (21%).  In addition 60% of children had sweet food or confectionery to eat in bed or at 

night.  Seventy per cent of 12-14 year-olds consumed drinks at night; water (30%), 
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carbonated soft drinks (27%) and tea or coffee with sugar (18%).  In addition, 46% of the 

boys ate sweet food or confectionery at bedtime.   

In contrast, in a study conducted in north west England (Milosevic et al., 2004) to determine 

the strength of association between dietary factors with tooth wear in 2385 14 year-old 

schoolchildren, it was found that for consumption of oranges there was no association with 

dental erosion.  Apples and tinned fruit were reported on the borderline of dental erosion but 

pickles and sauces had the greatest causal association with dental erosion.  When the number 

of cans of carbonated drinks consumed on a daily or weekly basis was investigated it was 

found that the amount and the frequency of intake of carbonated drinks were statistically 

significantly positively associated with the experience of dental erosion.  Children who 

consumed more than seven cans of carbonated drinks per week had more tooth wear when 

compared with children who had a lower consumption of these drinks.  Children who 

consumed carbonated drinks with a frequency of twice a day or more had tooth wear more 

than children with a lower frequency of consumption.   

West et al. (2003) evaluated the erosive effect of an experimental formulation carbonated 

drink with added calcium, compared to a conventional carbonated drink over a 20 days period 

in 15 volunteers of median age 32 years.  The result was the experimental carbonated 

blackcurrant drink caused significantly less enamel loss than the conventional carbonated 

orange drink.   

An in vitro study conducted in USA, where 20 molars and premolars were exposed to 

different types of beverage for 14 days, found that water tap, root beer, brewed black tea, and 

black coffee all caused minimal enamel dissolution.  Cola beverages (coca-cola, pepsi-cola 

and Dr Pepper) dissolved enamel 55-65 times more than both water and root beer.  Enamel 

dissolution from non cola drinks (mountain dew, sprite and ginger ale) was 90-180 times 

greater than dissolution from water.  The data suggested that enamel aggressivity is 

determined by drink composition rather than by drink pH (von Fraunhofer and Rogers, 2004).   

 30



An in vitro study investigated the relationship between chemical parameters of popular soft 

drinks and enamel erosion and the effects of tooth brushing after exposure to soft drinks.  The 

most popular six drinks were chosen; apple juice, orange juice, pure apple drink, pure orange 

drink, cranberry drink and “Tooth Kind” blackcurrant drink.  Enamel samples from 

permanent human molars were exposed to the different six soft drinks.  The apple drink had 

the lowest pH (2.74), whilst the orange juice had the highest (3.95) and other drinks had a pH 

ranging between these drinks.  Toothbrush abrasion caused additional enamel loss which was 

different for samples exposed to different drinks.  The thickness of the softened enamel was 

dependent on the chemical composition of the erosive drink.  The drinks which caused the 

greatest erosion also cause the greatest enamel surface loss following toothbrushing 

(Hemingway et al., 2006).   

An in vitro study to determine the pH, titratable acidity of flavoured sparkling bottled waters 

on the UK market, found these types of water demonstrated erosive potential similar to or 

greater than that of pure orange juice.  The author suggested that flavoured sparkling waters 

should be considered as acidic drinks rather than water with flavouring (Brown et al., 2007).  

Results of another in vitro study showed that both carbonated and non-carbonated beverages 

(eg. Gatorade sports drink, red bull high-energy drink) displayed a significant erosive effect 

on dental enamel (Kitchens and Owens, 2007).   

An in vitro study conducted in the United States investigated the pH and titratable acidities of 

popular acidic beverages (juices, regular sodas, diet sodas, coke and sports drinks) and 

erosion of enamel and root surfaces after beverage exposure and suggested that acidic 

beverages had the potential to erode enamel and root surface (Ehlen et al., 2008).  However, a 

study conducted within a group of 210 11-14 year-old children found no relationship between 

tooth wear and consumption of carbonated or acidic drinks despite the average intake of two 

cans of carbonated drinks and two glasses of fruit juice a day for a child and a total number of 

5000 cans sold in a week for the school (Bartlett et al., 1998).  Similar results were found by 
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Al-Dlaigan et al. (2001c) in 418 14 year-old schoolchildren of which 10% were vegetarian.  

There were no significant differences in prevalence of dental erosion between vegetarian and 

non vegetarian children.   

There is scant data about the consumption of alcohol in adolescence and its association with 

oral health.  In a study of 418 14 year-old British adolescents, 23% reported consumption of 

alcoholic beverages.  A small minority (3%) consumed alcohol between eight and more than 

21 times a week.  Of the sample; 48%, 51% and 1% had low, moderate and severe dental 

erosion, respectively.  Alcohol consumption was statistically significantly associated with 

dental erosion and statistically significantly greater in boys than girls.  The authors suggested 

that other factors are likely to be of greater importance for the experience of dental erosion in 

this age group, since only a small minority had a high alcoholic consumption (Al-Dlaigan et 

al., 2001b).   

2.6 Dental erosion and saliva 

Dental erosion has a multifactoral aetiology including exposure to acids from diet, 

environmental and gastric problems (Zero, 1996; Shaw et al., 1998).  Erosion also has 

predisposing factors such as morphology of the teeth, effects of soft tissue and salivary 

properties, which may have influence on subjects susceptibility to dental erosion (O'Sullivan 

and Curzon, 2000b).  Saliva provides some protection against dental caries, dental erosion, 

attrition and abrasion as a source of the acquired enamel pellicle and promoting the clearance 

of sugar and acid from the mouth as well as a supersaturated source of tooth mineral (Dawes, 

2008).  Saliva’s most important protection function against tooth wear is its role in pellicle 

formation, buffering, acid clearance and remineralisation (Barbour and Rees, 2006).  During 

an erosive challenge, saliva has several protective mechanisms such as dilution and clearance 

of the erosive agent from the mouth, neutralisation and buffering of acids and reduction of the 

dissolution rate through salivary calcium and phosphate (Lussi and Hellwig, 2006; Lussi et 
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al., 2007; Lussi and Jaeggi, 2008).  The salivary acquired pellicle is a protein-based layer on 

the tooth surface which is immediately formed after its removal by toothbrushing.  It may 

protect against dental erosion by acting as diffusion barrier preventing the contact between the 

acids and the tooth surfaces (Lussi et al., 2007; Lussi and Jaeggi, 2008).   

A study conducted by Amaechi and Higham, (2001) reported that saliva can remineralise 

early eroded enamel and it may be responsible in the difference in severity and sites of 

development of dental erosion within the dental arches and between individuals.  Several 

studies have shown that dental erosion may be associated with low salivary flow and low 

buffering capacity (Jarvinen et al., 1991; Lussi and Jaeggi, 2008).   

O'Sullivan and Curzon (2000b) measured the salivary flow rates, buffering capacity (saliva’s 

ability to neutralise acids that enter the oral cavity) in 103 3-16 year-old children with dental 

erosion in the UK and compared the results with similar age and sex caries-free and caries-

active individuals to find out which may be considered as predisposing factors for dental 

erosion.  The results showed that there was an increase in the salivary flow rate and pH with 

stimulation, but just under half of the subjects exhibited a low buffering capacity on 

stimulation which may be an important factor in developing dental erosion; of the total 

sample 47% with low buffering capacity had dental erosion, while 26% of the sample with 

high buffering capacity had erosion.  A healthy lifestyle with healthy diet and regular exercise 

may lead to dental erosion.  Exercise increases the loss of body fluids and may lead to 

dehydration and decreased salivary flow and a healthy diet, containing more fruits and 

vegetables may enhance dental erosion.  Risk of erosion increased in swimmers exercising in 

low pH water and athletes consuming sport drinks frequently (Lussi et al., 2007).  In a 

Brazilian study which aimed to determine the prevalence of dental erosion among 12 year-old 

children and test the influence of salivary characteristics (salivary flow, buffer capacity and 

pH) it was suggested that they have no influence on erosion (Correr et al., 2009).  Chewing 

sugar-free gum stimulates salivary flow (Dawes, 2008), and sour foodstuffs have a strong 

 33



influence on salivary flow (Lussi et al., 2007).  However, chewing gums trend to be 

discouraged due to the risk of abrasion of softened tooth surfaces (Lussi and Hellwig, 2006).   

2.7 Dental erosion and its association with caries 

Tooth tissue loss is caused by many factors including; trauma, dental caries and tooth wear 

(Nunn, 1996).  It has been suggested that dental erosion may be more common amongst 

children with a low prevalence of dental caries (Nunn et al., 1996).  Dental erosion and caries 

rarely occur simultaneously at the same site.  In the case of dental erosion the tooth surface is 

demineralised by direct contact with acids, but caries is a result of action of the acids 

produced by plaque (Moss, 1998; Ehlen et al., 2008).  Dental erosion tends to be found on 

plaque free tooth surfaces, while the presence of plaque is an essential factor for the 

progression of dental caries (O'Sullivan and Curzon, 2000b).  In a study conducted to 

investigate the prevalence of dental erosion in 1010 12 year-old Cuban children (Kunzel et 

al., 2000), more than 17% had dental erosion and the mean DMFT was low (1.4).  There was 

no correlation between the caries prevalence in children with or without dental erosion.  Truin 

et al. (2005) found a mean DMFT of 0.2 and prevalence of dental erosion was 24% in 12 

year-old children in The Netherlands with no difference in the distribution of dental erosion in 

children with and without caries experience.  Moreover, results of a study conducted in 458 

14 year-old Brazilian schoolchildren, found the mean DMFT index amongst subjects with and 

without erosion were very similar, 3.92 and 3.96 respectively and this means there was no 

statistically significant difference between the association of dental caries and experience of 

dental erosion (Auad et al., 2009).  In contrast, other studies have found a positive association 

between dental caries and dental erosion.  For example, in a study conducted in the United 

Kingdom to investigate dental erosion and to determine if caries experience influences the 

prevalence of dental erosion (Dugmore and Rock, 2004a), tooth erosion was found in 1046 

(54.7%) of 1753 12 year-old children.  Significantly more children with caries experience also 

 34



had erosion present (66%) compared with those who had no caries experience (54.9%) in their 

permanent dentition.  In addition, children with dental erosion had a higher mean DMFT 

score of 1.17 compared with the DMFT of 0.83 in those without dental erosion.  The author 

suggested that the 12 year-old children who failed to maintain a non-cariogenic diet, also 

failed to maintain a non-acidic diet.  Of these 1753 children who were examined at age 12 

years, 1308 were re-examined at age 14 years.  When the data were compared with the 

prevalence of dental erosion at age 12 years the dental erosion had increased by 50 % 

(Dugmore and Rock, 2004b).  A study conducted in Saudi Arabia (Al-Malik et al., 2002) 

determined the prevalence of dental erosion and related this to dental caries in 987 preschool 

children (2-5 years).  The results showed that of the 987 children examined, 31% had erosion, 

73% had dental caries, and 34% had rampant caries.  The mean dmft was 4.80.  Of the 384 

children who had caries (but not rampant caries) 141 (37%) had erosion, a significantly higher 

(p<0.01) proportion than the 72 (27%) with erosion out of the 267 who were clinically caries 

free.  Of the 336 with rampant caries, 96 (29%) also had dental erosion.  In this age group of 

children, caries was a significant risk factor for dental erosion.  A study conducted to 

investigate dental erosion, dental caries and determine the factors associated with dental 

erosion in 714 Australian children (Kazoullis et al., 2007), aged 5.5 to 14.6 years,  showed 

225 children (32%) exhibited no erosion and 489 (68%) had erosion of at least one tooth.  

Dental erosion had a strong association with caries experience.  Many types of food and soft 

drinks are acidic and also high in non milk extrinsic sugars so dental erosion and caries may 

be expected to occur together in a proportion of cases (Al-Malik et al., 2002).  Dental caries 

may also occur in patients with erosion where plaque accumulation adjacent to the eroded 

tooth surfaces (Lussi et al., 2007).   

An in vitro study, suggested that the presence of plaque can reduce the acid attack of an 

erosive drink and the relationship of erosive and cariogenic challenges illustrated less enamel 

change when compared to erosive or cariogenic challenges only (Honório et al., 2008).  The 
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relationship between dental erosion and dental caries is not yet clear or well-established and it 

has to be investigated thoroughly.   

2.8 Dental erosion and general health 

2.8.1 Dental erosion and gastric acids 

Diagnosis and treatment of gastrooesophageal reflux disease (GORD) in its early stages is 

important not only to preventive dental erosion but also to prevent serious complications such 

as oesophagitis, oesophageal adenocarcinoma and aspiration pneumonitis.  Gastrooesophageal 

reflux (GOR) is defined as the passage of gastric contents into the oesophagus, whereas 

GORD is defined as symptoms or complications of GOR.  The most common criterion for 

diagnosis of GORD is the occurrence of heartburn twice or more weekly (Barron et al., 2003).  

Gastric refluxate has a pH of less than 2.0 which is below the critical pH of dental enamel 

which is 5.5 and this makes it an intrinsic factor for dental erosion (Barron et al., 2003).  

Approximately 35-40% of the adults in the Western world suffer from gastrooesophageal 

reflux disease (Farrokhi and Vaezi, 2007).  GORD is a common condition affecting 

approximately 60% of the population (Jones and Lydeard, 1989).  GORD has been shown to 

occur in children as well as in adults, and often there are no symptoms, but children may 

complain of heartburn, food regurgitation and epigastric pain (Wilder-Smith and Lussi, 2006).  

GORD has been connected with tooth erosion and frequently mentioned as a causal factor in 

erosion in a number of studies (Howden, 1971; Jones and Cleaton-Jones, 1989; Jarvinen et 

al., 1992).  Moreover, dental erosion can be considered the predominant oral manifestation of 

GORD (Lazarchik and Filler, 1997).  The common teeth subject to dental erosion as a result 

of GORD are both primary and permanent mandibular molars (Ganss et al., 2001a). 

Gastrooesophageal reflux disease is not easy to diagnose in children without investigation as 
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children usually can not provide an accurate history or understand meaning of heartburn or 

regurgitation (Gudmundsson et al., 1995).   

The poor buffering capacity of saliva in patients with GORD leads to higher the prevalence of 

tooth wear (Moazzez et al., 2004).  Some factors provoke GORD such as excessive food or 

alcohol especially if taken before sleep as well as some types of dietary components as 

chocolate, coffee, spicy and fatty food and carbonated drinks (Bartlett et al., 1996).  A study 

which examined patients with gastrooesophageal reflux disease found that, of the total 117 

11-54 year-old patients 28 (24%) had dental erosion (Meurman et al., 1994).  Schroeder et al. 

(1995) reported 10 of 12 adult dental patients with tooth wear were diagnosed with reflux 

disease.  Schroeder et al. (1995) also reported 12 out of 30 adult patients with reflux disease 

had tooth wear.  A similar finding was made by Bartlett et al. (1996) who reported 60% of 40 

patients with GORD had tooth wear.  Jasz et al. (2007) suggested that the dentist should 

always consider in GORD cases of extensive dental erosion.  Results from a UK National 

Survey found that, 4-6 year-old children with health problems related to gastric reflux had a 

statistically significant higher prevalence of (79%) dental erosion than children without this 

disease (62%) (Walker et al., 2000).  Milosevic et al. (2004) investigated tooth wear in 2385 

14 year-old children in the UK suffering from indigestion they found that 20% of the total had 

chances of having tooth wear into dentine (Odds Ratio = 1.24).  A study investigating the 

relationship of the dental erosion and GORD in 225 Nigerian subjects comprising of 100 

volunteers and 125 patients with GORD found that the prevalence of dental erosion was 

statistically significant between GORD patients (16%) and control (5%) (p< 0.05) (Oginni et 

al., 2005).  Ersin et al. (2006) investigated the effects of GORD on dental erosion on 38 

GORD patients with mean age of 6 ½ years and 42 healthy children of the same age and 

showed that prevalence of erosion in GORD children was statistically significant higher than 

in healthy children (p<0.05).  Nunn et al. (2003) reported that data from the published 
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national dental surveys of young people in the UK showed an increase in the prevalence of 

dental erosion and an association between dental erosion and GORD.   

Acid regurgitation (when gastric acids reach the oral cavity) is also a common symptom in 

other diseases and dysfunctions of the upper alimentary tract, such as peptic ulcer and reflux 

oesophagitis (Jarvinen et al., 1988).  In addition, Shaw et al. (1998) reported that, there was a 

relationship between regurgitation and consumption of acidic diet.  This means, an acidic diet 

could affect the prevalence of dental erosion in both ways; intrinsic and extrinsic.   

On the other hand, results of a study in the UK examined a random sample of 1753 12 year-

old children and 1308 of the same children were re-examined at age 14 years and reported 

that there was no statistically significant association between problems related to gastric 

reflux and dental erosion (Dugmore and Rock, 2004b).  Further investigation is needed to 

assess the relationship between tooth wear, diet and gastric reflux.   

2.8.2 Dental erosion and eating disorders 

Anorexia nervosa and bulimia nervosa are eating disorders.  In a study in Spain of 1314 15 

year-olds, of the total sample, five had anorexia nervosa, eleven had bulimia nervosa and the 

study demonstrated an increase in the prevalence of eating disorders in Madrid (Morandé et 

al., 1999).  In a cross-sectional observational study in the UK, 5.5% of 525 14 year-old 

children reported they vomited their food, but this was not statistically significantly associated 

with dental erosion (Williams et al., 1999).  In another study carried out in UK, only 3% of 

2385 14 year-old children suffered from regular stomach upsets or frequent vomiting and 

there was no statistically significantly association with tooth wear (Milosevic et al., 2004).  In 

a case-control study, a statistically significant difference was observed between the 

prevalence of erosion among 11 adult female patients with bulimia (69%) and 22 age- and 

gender-matched controls (7%).  Erosive lesions were larger and deeper in patients with 

bulimia.  It was suggested that the presence of dental erosion on the palatal surfaces of upper 
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anterior teeth and buccal surfaces of upper canines, premolars and upper incisors could 

clinically characterise bulimia nervosa (Jones and Cleaton-Jones, 1989).   

2.8.3 Dental erosion and medication 

A complication of the medication used in chronic diseases may be regurgitation or dry mouth 

which are possible reasons for the increase in the prevalence of dental erosion (Johansson et 

al., 2008).  The frequent use of acidic medications such as acetylsalicylic acid (aspirin) and 

ascorbic acid (vitamin C) has been associated with the experience of dental erosion (Zero, 

1996).  The consumption of vitamin C tablets has been shown to be statistically significantly 

associated with the experience of dental erosion (Al-Dlaigan et al., 2001b).  Another study 

this time in Saudi Arabia observed a statistically significant association between the ingestion 

of vitamin C supplements and the experience of erosion in 54 preschool children.  Twenty-

eight of the children with regular consumption of vitamin C supplements had erosion and of 

these, 50% had severe erosion.  Children who were taken vitamin C supplements may have up 

to 4.7 times the risk of erosion (Al-Malik et al., 2001b).  A study in the UK of 418 14 year-

old children found that 40% of the 42 vegetarian subjects reported a daily consumption of 

vitamin C tablets and 52% of these children had signs of dental erosion and 48% moderate 

erosion (Al-Dlaigan et al., 2001c).   

2.8.4 Dental erosion and asthma 

Although asthma is a relatively common respiratory disease, affecting about 10% of children 

(Shaw et al., 1998), few data have been published about the association between dental 

erosion and asthma.  In the UK, the National Diet and Nutrition Survey showed that asthma 

was the commonest medical condition reported in a sample of 1726 4-18 year-old children 

(Walker et al., 2000).  However, there was no association found between asthma and dental 

erosion and it was suggested this may have been due to no information being collected 
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relating to the period and frequency of asthma attacks (Walker et al., 2000).  Another UK 

study of 1308 children who were examined at ages 12 and 14 found that the reported 

occurrence of asthma and the use of inhalers were not statistically related to erosion 

(Dugmore and Rock, 2004b).  Similarly, in a case-control study in Iceland for 278 15 year-old 

children, found no statistically significant association between the use of inhalers and the 

experience of dental erosion (Árnadóttir et al., 2003).  Moreover, a UK study found no 

statistically significant relationship between experience of tooth wear into dentine and asthma 

in children (Milosevic et al., 2004).   

In contrast, a cross-sectional study which aimed to assess the prevalence of asthma in 418 14 

year-old British adolescents and to assess the prevalence of dental erosion among this group, 

found that 15.8% of children had asthma, among these children 90% were under medication 

to control the symptoms of the disease and the prevalence of dental erosion was higher in 

asthmatic children.  It was suggested that higher prevalence of erosion among asthmatic 

adolescents might be related to the acidity of the medication used to control asthma, or 

reduced the salivary flow, or due to the medication or the asthmatic children had a higher 

intake of erosive drinks because of a relatively dry mouth (Shaw et al., 2000).   

The results from a case-control study in UK, aimed to assess and compare the prevalence of 

dental erosion and dietary consumption in three groups of children aged 11-18 years; 20 

children with asthma, 20 children without asthma and the control group (20 children) with no 

history of asthma or other medical problems.  Significant differences were found in the 

prevalence of dental erosion between the three groups, a higher prevalence of erosion seen in 

children with asthma.  It was suggested that the medication for preventing asthma and its 

possible side effects might be the aetiology of dental erosion in asthmatic children (Al-

Dlaigan et al., 2002b).  Similar results were observed in another case-control study in 

Australia that reported a statistically significant association between experience of dental 

erosion and asthma (Sivasithamparam et al., 2002).   
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2.9 Dental erosion and oral hygiene practices 

Tooth wear is usually a multifactorial process, comprising; erosion, attrition and abrasion. 

The most frequent type of abrasion is that produced at the necks of the teeth by inappropriate 

toothbrushing.  An accelerated abrasion may take place at a surface already demineralised by 

erosion (Dugmore and Rock, 2004b).  There is usually an association between dental erosion 

and high level of oral hygiene (O'Sullivan and Curzon, 2000b).   

However, different findings have been reported in epidemiological studies and still the 

association between dental erosion and oral hygiene practice is not clear.  In a study which 

examined 1753 children at age 12 and 1308 of same children re-examined at age of 14 years, 

no statistically significant association was found between the frequency of toothbrushing and 

dental erosion.  When the information from oral examination at age 14 was associated with 

data collected at age 12, it was found that presence of calculus at age 12 was associated with 

reduced the chances of dental erosion at age 14 (Dugmore and Rock, 2004b).   

In a study of 987 2-5 year-old Saudi Arabian children which investigated the association 

between dental erosion and oral hygiene habits, no statistically significant association was 

found between dental erosion and the frequency of toothbrushing or age of introduction of 

oral hygiene habits (Al-Malik et al., 2001b).  Another study based on examination and 

questionnaire in Trinidad, West Indies determined the prevalence of tooth surface loss in 155 

Trinidadian subjects aged 16 years and older.  Of the total sample 63% used a medium or hard 

tooth brush and 91% brushed their teeth twice daily.  The results showed no association 

between frequency of toothbrushing and tooth surface loss (Rafeek et al., 2006).   

Al-Majed et al. (2002) examined 354 2-5 year and 862 12-14 year Saudi Arabian old boys 

and found that no statistically significant association between the experience of dental erosion 

into dentine/or pulp on palatal surfaces of the upper incisors and the reported frequency of 

toothbrushing.  In addition, a study which determined the association of risk factors for tooth 

wear in 2385 14 year-old children showed that the majority of children brushed their teeth at 
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least twice per day and the frequency of toothbrushing was not statistically significant 

associated with the experience of tooth wear (Milosevic et al., 2004).  Moreover, the results of 

study conducted in 2351 14 year-old children in the north west England found that brushing 

twice daily with fluoridated toothpaste and living in fluoridated areas provided added 

protection from dental erosion (Bardsley et al., 2004).   

On the other hand, a study conducted in 418 14 year-old schoolchildren in the UK 

investigated the association between dental erosion and oral hygiene practices, found 60% of 

children brushed their teeth twice daily and this was associated with dental erosion (Al-

Dlaigan et al., 2002a).   

Dental erosion is accelerated in children who consume acid drinks at night before brushing 

their teeth (Shaw and Smith, 1999).  Toothbrushing immediately after consuming acid drinks 

may increase dental erosion (Zero, 1996).  This habit should be discouraged and children 

should be advised to stop brushing their teeth immediately after an erosive challenge to 

reduce the risk of abrasion.  The most important time for toothbrushing is before bedtime 

because of reducing of salivary flow and losing of its protective effects during sleep (Dawes, 

2008).   

Several studies in vitro have investigated the association between dental erosion and 

toothbrushing and found the abrasiveness of toothbrushing adds a physical effect to the 

demineralization which results in increased tooth wear in people with a high standard of oral 

hygiene (Attin et al., 2001).  In another in vitro study by Attin et al. (2000) the period of 

remineralisation needed to re-achieve abrasion resistance to brushing was evaluated.  Enamel 

specimens were submitted to demineralization by immersing them in an erosive soft drink for 

one minute, and then submitted to remineralisation by storing them in saliva.  After that they 

were submitted to abrasion by brushing.  The results showed that abrasion resistance of 

eroded enamel increased with remineralisation time (Attin et al., 2000).  Another similar in 

vitro study done by the same author but on dentine specimens showed the abrasion resistance 
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of dentine to be decreased after erosion, even after two hours of remineralisation (Attin et al., 

2001).   

An in situ study which determined rates of enamel and dentine wear during toothbrushing 

using different types of toothpaste showed that enamel wear and dentine wear were similar 

and the overall amount of enamel wear was small (less than 2 microns) for all products 

(Pickles et al., 2005b).  Another in vitro study which determined enamel and dentine wear by 

toothpastes, found that mean enamel wear ranged from 0.05 to 0.40 microns.  The mean 

dentine wear was from -0.024 to 2.38 microns and there was a good correlation between 

median dentine wear and relative dentine abrasivity (Philpotts et al., 2005).  Abdullah et al. 

(2006) compared the effect of brushing versus dipping on dental erosion in an in vitro study 

by using different concentrations of fluoridated toothpastes.  They found enamel erosion 

increased significantly by brushing with toothpastes compared to dipping.  Similar results 

were obtained in another in vitro study which investigated enamel loss by cycling of erosion 

and abrasion and found a significant enamel loss due to toothbrushing (Hemingway et al., 

2006).  Other in vitro studies have assessed the abrasive effect of two whitening toothpastes 

containing calcium carbonate and perlite on enamel and dentine and found no significant 

degree of abrasion of the whitening toothpastes after 12 weeks of brushing (Joiner et al., 

2005; Pickles et al., 2005a; Joiner, 2006).   

2.10 Prevention and treatment of dental erosion  

Awareness of dental erosion by people is still not widespread because it is a slowly 

progressing condition.  In addition, it is difficult to distinguish between dental erosion, 

attrition and abrasion during oral examination (Lussi et al., 2006).  Dugmore and Rock 

(2003a) investigated the knowledge of tooth erosion in 12 year-old children and the dentists’ 

responsibility for advice patients concerning erosion, found that the level of awareness was 

low for both dentists and patients.  When dental erosion begins at a young age, there is a 
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greater chance it may continue over a lifetime if it is not diagnosed and proper preventive 

measures are taken (Lussi et al., 2007).  Early detection of erosion is important to stop and 

prevent irreversible tooth surface loss; knowledge of the multifactorial nature of tooth wear 

and its risk factors is also important in its diagnosis and treatment (Tomasik, 2006).  Dentists 

have to know the clinical features, signs, causes of erosion and how to prevent further 

progression, and if necessary the treatment (Lussi and Jaeggi, 2008).  Patients who have 

dental erosion can be treated successfully if the correct diagnosis and preventive and 

therapeutic measures are performed (Lussi and Jaeggi, 2004).  The seriousness of the 

complications of dental erosion range from loss of surface characteristics to loss of tooth 

tissue with pulp involvement.  These consequences have accompanying symptoms ranging 

from sensitivity to severe pain.  In addition, the effects of dental erosion may be not limited to 

wear of the teeth but may affect the surrounding structures leading to temporo-mandibular 

dysfunction as a result of the loss of occlusal vertical dimension.  Moreover, poor aesthetics 

may lead to psychological problems especially in children.  Early erosive damage to the 

permanent teeth may affect them for their entire lifetime.  In addition to all these 

complication, dental erosion requires complex and costly treatment and maintenance.  For this 

reason early diagnosis and adequate preventive measures should be undertaken (Lussi and 

Jaeggi, 2006).  The first step in treatment of dental erosion is identifying the aetiological 

factors and start commencing preventive advice.  Diagnosis and prevention of the causes of 

dental erosion are crucial in its management (Lussi et al., 2000).  Prevention includes the 

identification of the people who are at risk of tooth surface loss, for example, individuals who 

report dental erosion in childhood or have para functional activity, or have eating disorders, 

consume acidic drinks and erosive foodstuffs or have medical problems resulting in gastric 

reflex or voluntary vomiting (Wickens, 1999).  In order to assess the risk factors of dental 

erosion, patients should report their food dairies for a period of time, then dietary instruction 

and advice can be given to them based on the analysis of the their food dairies, in addition to 
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use of fluoride regimes and stimulation of salivary flow rate (Lussi et al., 2006).  Excessive 

consumption of acidic drinks and foodstuffs is the main extrinsic risk factor for dental 

erosion, also the intake of medicaments (asthma), behavioural factors like unusual eating and 

drinking habits are possible reasons for dental erosion (Dugmore and Rock, 2004b; Lussi and 

Jaeggi, 2006).   

The best way of dental erosion treatment is to prevent it.  In treatment of dental erosion 

medical history should be identified and treated followed up by diet history for several days 

(Imfeld, 1996).  The dietary history should determine the extent, frequency, and timing of 

acid consumption in the diet, the medical history to determine if the child suffers from 

GORD, which can cause dental erosion (Linnett and Seow, 2001).   

Dietary advice, dietary modifications and instructions should be given when acidic intake is 

the likely prime aetiological factor for dental erosion.  These instructions may include; 

limitation of acid intake to mealtimes to allow remineralisation to occur, reduction of the 

frequency and refraining from consuming acidic food or drink before bedtime because of the 

absence of salivary flow.   Acidic drinks should be swallowed immediately and not swished 

around the mouth; use of a straw since straw directs drinks past the anterior teeth and towards 

the pharynx reducing drinking time.  Individuals should be advised also to follow the 

manufacturer’s instructions on dilution of soft drinks, consumption of modified soft drinks 

with added calcium and/or phosphate supplements, citrate and fluoride to reduce dental 

erosion (Imfeld, 1996; Davis et al., 2007) since soft drinks supplemented with calcium have 

been shown to have a reduced capacity to cause enamel demineralisation (Hara and Zero, 

2008; Bartlett, 2009).  Several calcium-added soft drinks are on the market in some countries, 

and products with naturally high contents of calcium and phosphate are present such as 

yoghurt, which although have a low pH do not soften the tooth surfaces (Lussi et al., 2007).   

Children also should be advised to stop drinking soft drinks and sports drinks immediately 

following exercise because the salivary flow and the buffering capacity is decreased after 
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exercise (Linnett and Seow, 2001; Lussi and Jaeggi, 2008).  Also, finishing a meal with a 

food high in calcium phosphate such as milk, cheese and yoghurt may be beneficial (Imfeld, 

1996; Serra et al., 2009).  von Fraunhofer and Rogers (2004b) reported that reducing the 

residence time of acidic drinks in the mouth by rinsing would be beneficial to reduce 

dissolution of dental enamel.   

Children should be instructed to stop brushing their teeth immediately after an erosive 

challenge (acidic food intake and vomiting) to reduce risk of abrasion (Zero, 1996; Lussi and 

Hellwig, 2006).  Instead, use of fluoride mouthrinse, milk or cheese or sugar-free yoghurt or 

rinse with water (Lussi and Hellwig, 2006).  Moreover, avoiding toothbrushing immediately 

before an erosive challenge can be beneficial as the acquired pellicle provides protection 

against erosion (Lussi and Hellwig, 2006).  Using a soft tooth brush and low abrasivity 

toothpaste with fluoride should be considered because highly abrasive toothpaste may destroy 

the pellicle (Bartlett, 2005; Bartlett, 2009).  In addition, dietary monitoring for acid intake 

performed at the beginning of the treatment by the dentist and recording at least a three-day 

detailed diet history is important.   

Some medication including vitamin C tablets (especially in chewable tablet form) and iron 

supplements as well as some mouthwashes, are also acidic and cause dental erosion (Giunta, 

1983).  Interestingly, fresh fruit and vegetables are good salivary stimulants especially citrus 

fruit which make them an excellent choice for people with low salivary flow and they can be 

recommended as part of a healthy, saliva-stimulating diet especially at breakfast (Young, 

2005).  Regular drinks of 1.5 litres pure water daily to increase salivary flow are necessary for 

patients with tooth wear or with medications affecting salivation, e.g. drugs given for asthma, 

depression and hypertension.  In addition, sports people should be instructed to drink one litre 

of water one hour before the sports activity to prevent dehydration (Dawes, 1987; Young, 

2001) and reduce the need to consume sport drinks.  Fluoride exposure from water 

fluoridation and from other fluoride supplements in the first twelve years of life increase 
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resistance to dental erosion in adulthood, in the same way that it provides resistance to 

demineralization by dental caries (Teo et al., 1997).   

A topical fluoride varnish should be applied on the erosive defects to stop or reduce the dental 

erosion; in addition, patients should be instructed to rinse with a neutral fluoride mouthrinse 

twice per day and gently apply a topical fluoride gel twice a week (Lussi and Jaeggi, 2006).  

A daily neutral sodium fluoride mouthrinse or gel may be used to minimize hard tissue loss 

and control sensitivity (Bartlett et al., 1994).  In addition to sugar free chewing gum to 

stimulate salivary flow, fluoride mouth rinse and gel may be beneficial (Imfeld, 1996).  

Restorative treatment is important to restore the tooth structure lost by dental erosion to 

improve aesthetics, restore function, alleviate pain in exposed hypersensitive dentine or 

exposed pulp, to restore occlusal vertical dimension and to prevent further loss of tooth 

structure (Harley, 1999).  It is also important that patients referred or advised to seek medical 

help when intrinsic causes are involved (Lussi and Hellwig, 2006).   

2.11 Summary of the literature review 

Several factors have been linked to the development of the erosive process in children, such 

as aspects related to general health, medication, saliva properties, lifestyle, oral habits, oral 

hygiene practices and the most important factor, an acidic diet.  The literature exploring the 

association between dental erosion and dental caries has also been investigated.  Further 

longitudinal studies to monitor the prevalence of dental erosion and to investigate the erosive 

process and its potential risk factors are needed.  The prevalence of dental erosion or its 

relationships with potential risk factors in children or adults is unknown in Libya.  Therefore, 

the aims of this study are to investigate the prevalence of dental erosion in 12 year-old 

schoolchildren in Libya and its association with acidic dietary items and other risk factors.   
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Chapter 3  

Aims, objectives and hypothesis of the study  

3.1  Main aim 

To determine the prevalence and severity of dental erosion amongst 12 year-old 

schoolchildren in Benghazi, Libya.   

3.2 Subsidiary aims  

3.2.1 To investigate any association between the experience of dental erosion and potential 

risk factors for dental erosion in children in Benghazi, Libya.   

3.2.2 To investigate any relationship between fluoride exposure from water supplies and 

prevalence and severity of dental erosion in Benghazi, Libya.   

3.2.3 To determine the prevalence and severity of dental caries amongst children in Benghazi, 

Libya.   

3.2.4 To investigate the association between the experience of dental erosion and dental caries 

amongst children in Benghazi, Libya.   

3.3 Objectives 

3.3.1 To undertake a dental examination of 12 year-old Libyan schoolchildren in Benghazi in 

order to assess the prevalence and severity of dental erosion and dental caries.   

3.3.2 To ask 12 year-old schoolchildren to complete a questionnaire in order to collect 

information about their consumption of acidic dietary items (foods and drinks) in terms of 

types of drinks, frequency of consumption and associated habits and other potential risk 

factors for dental erosion in their general  health, oral hygiene practice and lifestyle.   
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3.3.3 To randomly select a sub-sample of schoolchildren to complete a three-day estimated 

food dietary record in order to provide detailed dietary information on consumption of 

public/bottled water and acidic dietary items in terms of amount and frequency.   

3.3.4 To interview these children in order to clarify the information provided in the food 

diaries.   

3.4 Null hypotheses  

3.4.1 There is no difference in the prevalence and severity of dental erosion in 12 year-old 

children in Benghazi, Libya compared with European children.   

3.4.2 There is no relationship between dental erosion and dental caries in 12 year-old children.   

3.4.3 There is no relationship between the prevalence and severity of dental erosion and the 

amount and frequency of consumption of acidic dietary items.   

3.4.4 There is no relationship between the prevalence and severity of dental erosion and 

exposure to other risk factors for dental erosion.   
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Chapter 4  

Materials and Methods 

4.1 The study site 

Benghazi is the second largest city in Libya after the capital, Tripoli (Appendix 4.1).  The city 

is divided into 15 districts with rapidly progressing developments in all aspects of life.  

Benghazi is a very good example of a Libyan urban area comprising a population with 

different socioeconomic, cultural and original backgrounds.  Therefore, it is an appropriate 

site for the study and suitably representative of the Libyan population.   

4.2 The study sample 

4.2.1 Schools in Benghazi 

Table 4.1 shows the different Districts of Benghazi.  In 2005, the total number of 

schoolchildren aged 12 years in Benghazi was approximately 7682 (corresponding to the sixth 

grade of elementary school).  These children were studying at 81 public elementary schools 

(Appendix 4.2).  The public schools comprised 90% of the total number of schools in 

Benghazi (GAI, 2006).   

4.2.2 Inclusion and exclusion criteria 

For subjects to be included in the study, the following criteria were required to be met:  

 Schoolchildren resident in Benghazi, Libya. 

 Schoolchildren aged 12 years, but not yet 13 years of age.  
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 Schoolchildren with written consent to participate in the study from their 

parents/guardians.   

 Schoolchildren present on the day of dental examination. 

The following subjects were excluded: 

 Schoolchildren who were not resident in Benghazi, Libya. 

 Schoolchildren not aged 12 years. 

 Schoolchildren without the written consent from their parents/guardians. 

 Schoolchildren who were absent on the day of dental examination.  

Table 4.1: Number of 12 year-old children and public schools in the 15 Districts of Benghazi, 
Libya.  

Name of Districts Number of  public 
elementary schools 

Number of 12 year-old schoolchildren 
attending schools 

Al Bayan Al awal 6 670 
Sidi Hussain 4 381 
Al Sabri (west) 5 400 
AlSabri (East) 7 351 
Al Mukhtar 5 545 
Al Salmani (East) 7 370 
Al Salmani (West) 5 400 
Dawood (North) 4 450 
Dawood (West) 8 650 
Khalid Ben Walid 6 600 
Dawood (South) 8 700 
Al Jazeera 3 252 
Garyounis 3 337 
Al Fuwayhat (west) 4 631 
Benghazi al Jadidah 6 945 
Total 81 7682 

    Source: Great Socialist People’s Libyan Arab Jamahiriya:  
    General Authority of Information (GAI, 2006) A preliminary result of general population census 2006. 

4.2.3 Gender 

Both genders were included in this study.  Numbers of schoolchildren and schools are not 

equal in each district in Benghazi, as they depend on the density of population in these 

districts.  Both boys and girls in Benghazi attend elementary schools.  A cluster sampling 

within the schools was used for school sampling, then a random selection of boys and girls 
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from each elementary school was made.  Twelve year-old children were selected for this 

study because at this age the index teeth have been present in the mouth for about six years 

and exposed to possible intrinsic and extrinsic aetiological factors which may cause dental 

erosion.  In addition, use of this age group allowed comparison with results from previous 

studies in the same age group in different countries.   

4.3 Statistical power of the study 

The statistical power of the study was calculated with the assistance of a medical statistician, 

Dr Nick Steen, Principal Research Associate, Institute of Health and Society, Newcastle 

University.  There are no published data concerning the prevalence of dental erosion in Libya.  

Consequently, the prevalence of dental erosion in 11 to 14 year-old British children, which 

had been estimated as 52% in a study by Walker et al. (2000) was considered.  In addition, the 

prevalence of dental erosion in 13-14 year-old Brazilian children (Auad et al., 2007) (34%) 

was also considered.  Based on these figures, it was expected in the proposed study that the 

prevalence of dental erosion in 12 year-old school children in Benghazi could be 35% +/- 5%.  

Therefore, the sample size was calculated based on this estimate; with a sample of 665 

subjects the 95% confidence interval was +/-4% able to detect prevalence of erosion 35% +/-

5% (standard error 2.04%).   

Undertaking dietary assessment on a sub-sample of 175 children also gave a 95% power to 

detect a Pearson correlation coefficient of 0.3 assuming a Type 1 error rate of 5%.   

4.4 The sampling procedure  

Cluster sampling, using the schools as the clusters was used for the sampling procedure.  

Based on a typical estimate of an intra-class correlation coefficient of around 0.05 and the 

95% confidence interval to be the point estimate +/-5%, a cluster sampling procedure required 

recruitment of 19 children from each school in a random selection of 35 schools, providing a 
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sample size of 665.  In addition, to allow for withdrawals, overall a total of 22 children were 

recruited from each randomly selected school, providing a total sample size of 770.  The 

sample was felt to be sufficiently large enough, including thirty five schools drawn from the 

15 different districts with different socioeconomic groups and cultures to make the study 

sample in Benghazi reasonably representative of other regions of Libya.  First, a random 

sample of schools was selected; at least one school from each district, and at least two schools 

from districts with 6 or more schools.  Two people unrelated to the study at Newcastle 

University helped to randomly select the schools by drawing out of a hat, one or two schools 

from each district.  Then, a random selection of a sample of girls and a random selection of 

boys for whom consent to take part in the study had been obtained from their parents from 

each elementary school (elementary schools have both boys and girls attending) was made.  

For the selection of these random samples a list of girls (or boys) was made alphabetically and 

assigned consecutive numbers.  Boys and girls were sampled separately to ensure 

representative samples.  Using a list of randomly generated numbers between 1 and 99, a 

selection of the first 22 children was made using columns, for example starting with column 2 

to sample 11 girls or 11 boys from within a school.  If a child with that number did not exist, 

the examiner moved to the next number that corresponded to a child.   

The sub-sample of 175 children for the 3-day estimated food diaries was selected from 35 

schools.  Five children were randomly selected from the previous randomly selected list in 

each 35 schools to achieve a sub-sample of 175.  Then, 6 subjects from each school were 

randomly selected for intra-oral photography.   

Figure 4.1 demonstrates the sampling procedure and steps of the field work.   

4.5 Planning and preparation at Newcastle University 

The data collection forms used in the study were prepared in the School of Dental Sciences, 

Newcastle University.  The Oral Health Assessment Form (Appendix 4.3) contained a dental 
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charting for the maxillary and mandibular teeth with designated cells for coding the entry of 

dental erosion and dental caries.  In addition, diagnostic criteria codes for dental erosion and 

caries were also contained within the form as an aide-memoire for the examiner's quick 

reference.  Both the oral health assessment form and the questionnaire contained demographic 

information such as, ID number, gender, school number, date of birth, and date of 

examination.   

Figure 4.1: Flow chart of the field work in Benghazi, Libya. 
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4.6 Data collection 

4.6.1 Clinical dental data 

4.6.1.1 Measuring the prevalence and severity of dental erosion 

The prevalence of dental erosion was determined using the index used in the oral health 

component of the UK National Diet and Nutrition Survey (NDNS) (Walker et al., 2000) 

(Appendix 4.3).  This index assesses the labial and palatal surfaces of the upper incisors and 

occlusal surfaces of the first permanent molars.  The conduct of the examination and criteria 

for the assessments are presented in detail in Appendix 4.4.  This index was also used in the 

Children’s Dental Health Survey in the UK (Chadwick and Pendry, 2004).  Table 4.2 shows 

the criteria used to assess dental erosion (Walker et al., 2000).    

Table 4.2: Criteria used to assess dental erosion (Walker et al., 2000). 

Code Depth Area of surface affected 
0 Normal Normal 
1 
2 
3 
9 

Enamel only 
Enamel and dentine 
Enamel, dentine and pulp 
Assessment cannot be made 

Less than one third of surface involved 
One third up to two thirds of surface involved 
Two thirds or more of surface involved 
Assessment cannot be made 

4.6.1.2 Measurement of dental caries: 

The data collection form for recording dental caries was based on the indices recommended 

by the World Health Organization (WHO, 1997).  The prevalence of dental caries was 

assessed in accordance with the World Health Organization criteria on crown surfaces using 

the DMFT (decayed, missing and filled teeth) and DMFS (decayed, missing and filled 

surfaces) indices for the permanent dentition (Table 4.3).  The dental examination forms 

contained the diagnostic criteria codes for the examiner’s quick reference, demographic 

information (ID number, date of birth, gender, and school number) and a dental charting with 

designated cells for coding the entry of dental erosion and dental caries data (Appendix 4.3).  
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All maxillary and mandibular teeth were examined for dental caries.  Teeth were examined in 

the following order: Upper Left - Upper Right - Lower Right - Lower Left.  Each surface was 

examined, coded and called in the following order: Distal - Occlusal - Mesial - Buccal - 

Lingual (WHO, 1997) (Appendix 4.4).   

Table 4.3: WHO criteria for assessing dental caries (WHO, 1997).  

Condition/State Code 
Sound 0 
Decayed 1 
Filled, with decay 2 
Filled, with no decay 3 
Missing, as a result of caries 4 
Missing, any other reason 5 
Fissure sealant 6 
Bridge abutment, special crown or veneer/implant 7 
Unerupted tooth (crown) 8 
Trauma (fracture) T 
Not recorded (e.g. because of orthodontic bands or severe 
hypoplasia, etc.) 

9 

4.6.1.3 Calibration of the researcher for the dental examination 

Calibration of the researcher in the use of the dental erosion and dental caries indices took 

place in the Division of Child Dental Health, School of Dental Sciences under the supervision 

of an experienced calibrator and examiner, Professor June Nunn, from Trinity College, 

Dublin.  Professor Nunn was involved in the development and introduction of the modified 

Smith and Knight Tooth Wear Index for use in epidemiological studies (O'Brien, 1994; Hind 

and Gregory, 1995; Walker et al., 2000; Chadwick and Pendry, 2004).  She participated in the 

UK National Surveys and the calibration of dental examiners in these surveys.  The training 

process included a one-to-one training session when Professor Nunn illustrated projected 35 

mm clinical slides from different patients with varying severity of dental erosion using the 

Child Dental Health 2003 examiner calibration compact disc.  Professor Nunn explained the 

clinical features of dental erosion and answered all the queries of the researcher.  In addition, 

Professor Nunn trained the researcher the criteria and indices of dental caries and tooth 

condition of the World Health Organization.  After that Professor Nunn re-viewed all the 
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slides and examined the ability of the researcher to identify the different codes of dental 

erosion.  Following this, the researcher (RH) observed Professor Nunn during the dental 

examination of two volunteers, who were students at the Child Dental Health Clinic, School 

of Dental Sciences, Newcastle University.  The researcher revised the CD of the clinical 

slides of dental erosion and caries back at Benghazi and when ever needed as recommended 

by Professor Nunn.   

4.6.2 Questionnaire data 

4.6.2.1 Questionnaire design  

An English version of the questionnaire was prepared at Newcastle University before the field 

trip to Libya.  The questionnaire included questions on amount, frequency and timing of 

consumption of acidic foods and drinks, consumption of tap or bottled water, oral hygiene 

practices, and risk factors for dental erosion (Appendix 4.5).  This questionnaire was based on 

the questionnaire used in the oral health component of the NDNS in the UK (Walker et al., 

2000).   

The frequencies of consumption of the acidic, non acidic, sugared, and non sugared drinks 

were categorised as follows: 

More than twice/day, more than once/day, once/day, less than once/day, never.  

The frequencies of consumption of fruits were categorised as follows: 

More than four/day, 2-4/day, more than one/day, one/day, less than one/day 

The questionnaire was designed to be applicable to 12 year-old schoolchildren, who were old 

enough to understand the questions and able to make written answers.  The questionnaire was 

simple, and easily understood.  In addition, a pilot questionnaire was given to five 11-12 year-

old UK based Arabic speaking children not involved in the study, in order to test its content 
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validity and to comment on clarity and content and obtain information regarding any 

difficulties.  They understood, answered and completed the questionnaire without difficulty.  

Following this, the questionnaire was translated into a simple Arabic language by the 

researcher at Newcastle University and then printed and copied according to the expected 

sample size in Benghazi.   

4.6.3 Three-day estimated dietary diary  

4.6.3.1 Design and preparation  

The three-day estimated food diary with dietary interview is a validated method to collect 

dietary information, and has been used to assess the diets of children by researchers at 

Newcastle University for more than 20 years (Hackett et al., 1984) due to its accuracy and 

lack of reliance upon the subject’s memory (Anderson, 1995; Biro et al., 2002).   

As Appendix 4.6 shows, the three-day estimated food diary for collecting data about dietary 

intake over three days for this study contained written instructions to help the schoolchildren 

complete the diary over three consecutive days, two week days and one weekend day, and 

recorded everything they ate and drank including amounts consumed.  In addition, details of 

any medicine taken and information about the time of consumption of foods, drinks and 

medicines was recorded.   

4.6.3.2 Training in dietary assessment 

Training in dietary assessment was undertaken under the supervision of Professor Paula 

Moynihan at Newcastle University.  Approaches on how to clarify portion sizes were also 

discussed.  In the UK, 3 volunteers aged 11-12 years were asked to complete the 3-day 

estimated food dairy as a pilot study, and discussion undertaken in how to clarify the written 

dietary information during the interviews using the verbal responses of the volunteers.   
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4.6.4 Water fluoride concentration  

4.6.4.1 Permissions obtained for transportation and analysis of the 

water samples 

The researcher secured a permission letter from the Libyan Embassy in London, and from the 

Health Ministry and Dental Faculty in Benghazi to allow the transfer of the samples from 

Benghazi to the UK.  In addition, permission was obtained from Food Standards Agency in 

the UK to allow the import of samples to the UK and permission from the Newcastle 

University to allow the storage and analysis of the water samples in a University Laboratory.   

4.6.4.2 Collection of water samples 

Collection of samples of tap and bottled water was undertaken from each subject’s house in 

the sub-sample (n= 175) and from each of the 35 randomly selected schools, in Benghazi. 

These collected samples were kept in fluoride-free plastic containers and frozen at -20º 

Celsius freezer at the Dental Faculty in Benghazi during the time of data collection and until 

time of shipping.  Then, the frozen samples were defrosted prior to shipping and the examiner 

dried the outside of every tube carefully with tissues prior to them being transported at 

ambient temp back to the UK.  Then the samples were refrozen in the UK prior to fluoride 

analysis.   

4.6.4.3 Coding of water samples collected during 3-day food diary 

Each water sampling tube was labelled as follows before being handed to the subjects: 

a- Type of water; Tap (T) from home, bottled (B) or other resource of tap water out the 

subject’s house (O).   

b- The ID code of the subject (similar to that on food diary). 

c- Time of collection; morning (M), afternoon (A). 
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d- Day of collection; the first day (1), or the third day of the 3-day food diary (3). 

Each water sample was collected in a 30 ml Universal tube by the child’s parent, who was 

asked to collect the water sample after one minute of running water from the tap to maintain 

consistency in collection of the samples.  A total of four water samples were collected by the 

child’s parent from tap water at home; at 8.30am, before school time, and at approximately 

3pm, after home time, on the first and third day of food diary.  The water sample in each 

container (30ml) was divided into two small bijous (7ml) (Scientific Laboratory Supplies Ltd) 

by the researcher prior to freezing, one for transport to the UK for analysis of the fluoride 

concentration and the other container stored in Libya as backup.  In addition, every child was 

given a further four containers (30ml) to collect water samples from bottled and from any 

other sources of drinking water she/he may have consumed outside the home.  Each water 

sample (30ml container) collected was divided into two bijous by the researcher and 

stored/transported as described previously.  In addition, a total of four water samples, each in 

a 30ml container, were collected by the researcher from each school.  These comprised a 

sample collected twice a day; morning and afternoon on each of the first and third day of the 

food diary.  The total of 4 water samples was divided by the researcher into 8 bijous.   

Each bijou of water sample collected by the researcher was labelled as follows: 

a- Tap water sample from school (S).   

b- School number (001 to 035) 

c- Time of collection; morning (M), afternoon (A). 

d- Day of collection (either the first day (1), or the third day of the 3-day food diary (3))  

4.6.4.4 Storage of all water samples prior to transport to the UK 

Each water sample collected in a universal tube was divided into two bijous (7ml), each of 

which was placed in a separate plastic bag before freezing; one was transported to the UK and 
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used for analysis of the fluoride concentration, while the other was stored as a backup in 

Benghazi.   

4.6.4.5 Analysis and storage of water samples in the UK 

At the University of Newcastle the samples were stored in a -20° Celsius freezer until fluoride 

concentration was analysed by either the researcher (RH) or the lab technician using a 

Standard Operating Procedure (SOP) following appropriate training (Appendix 4.7).  This 

protocol has been used previously to describe the direct analysis procedure for determination 

of fluoride concentration in water (Zohouri and Rugg-Gunn, 1999; Martinez-Mier et al., 

2004; Soto-Rojas et al., 2004; Soto-Rojas et al., 2005).   

Data were entered into a Microsoft Excel (2003, Microsoft office) software program for 

calculating the results. 

4.6.5 Time scale for the study in Benghazi 

The field work schedule was prepared at Newcastle University to allow the examiner to rotate 

between the 35 selected schools in Benghazi (Appendix 4.8).  On a weekly basis it was 

planned that three schools would be visited for dental examination, questionnaire completion, 

and distribution of food diaries.   

The fieldwork took place in the schools in Benghazi, according to the schools' calendar during 

the first semester starting in September 2007.  Appendix 4.8 demonstrates the order and 

timing of the various elements of the field work in Benghazi.   

4.6.6 Planning, preparing and training for the study 

The planning, preparation and training of the examiner was undertaken at Newcastle 

University. Table 4.4 shows the planning and preparation of the study at Newcastle 

University and in Benghazi, Libya.   
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Table 4.4: Planning and preparation of the study in the UK and in Benghazi. 

Planning, preparation and training at 
Newcastle University 

Planning, preparation and implementation in 
Benghazi 

Before data collection: 

Attending courses. 

Study procedure for dental examination. 

Study procedure for three-day estimated 

food diaries with dietary interview. 

Preparing questionnaire. 

Calibration of the researcher. 

Arrangement with Data Entry Services. 

Learning fluoride analysis method for water 

Seeking permission from Academic 

Advisor of Libya at the Libyan Cultural  

Bureau, London. 

Arrangements for importing water samples to 

UK. 

Arrangement for transferring dental  

equipments, water samples’ tubes to 

Benghazi.   

Before data collection: 

Seeking ethical permissions  

Training of an assistant. 

Preparing the Arabic version of the written 

documents: food diaries, questionnaire, and oral 

health assessment sheets. 

During data collection: 

Three-day estimated food diaries with dietary 

interviews. 

Questionnaire survey. 

Clinical dental examination. 

Collection and storage of water samples (tap and 

bottled). 

After data collection: 

Arrangement for transferring the water samples 

from Benghazi to Newcastle University. 

Arrangement for transferring the written 

documents (oral health assessment 

forms, questionnaires and food diaries), 

and dental equipments from Benghazi to 

Newcastle University. 

Shipping of samples to the UK.   

4.7 Planning and preparation in Benghazi, Libya 

4.7.1 Ethical approval and permissions 

4.7.1.1 Permission from local authorities and Dental School 

The first step was seeking the permission to carry out the field study in Benghazi from the 

academic advisor of Libya at the Libyan Cultural Bureau in London (Appendices 4.9 and 

4.10).  After the official permission from the researcher's sponsor was obtained, the second 

step was seeking the permission from the Ministry of Education (Appendix 4.11), and the 
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Ministry of Health in Benghazi (Appendix 4.12).  Subsequent to these permissions, the 

Ministry of Education sent official letters to the selected schools.  The Dean of the Dental 

Faculty was also contacted directly and following discussion relating to the aims and method 

of the study, supporting letters to the schools (Appendix 4.13) and to customer services to 

permit transportation of the drinking water samples for analysis from Benghazi to the UK 

were provided (Appendix 4.14).  In addition, the Dean supported the study by allowing 

sterilisation of the dental instruments in the facilities of the Dental School, Benghazi, 

repeatedly throughout the study.   

4.7.1.2 Permission from schools 

There is no governmental classification of geographical areas based on socioeconomic 

information for Benghazi, so the selection of the 36 schools from the total of 81 public 

schools was done randomly by cluster sampling within the schools.  The permission letters 

from the Ministry of Education and Ministry of Health and the supporting letter from the 

Dental School were handed to the head teachers of the selected schools.  Permission from 

each selected school was sought to carry out the dental examinations (Appendix 4.15).   

4.7.1.3 Preparatory visits to schools 

Once the permission was obtained, the examiner visited each of the randomly selected 36 

schools for a preparatory visit to facilitate the study implementation in the schools by 

assessing the availability of a room suitable for dental examination, and encourage the co-

operation of the school officials to facilitate the flow of students during the dental 

examination.  At the preparatory visit, schoolchildren’s records for the selected age group 

were reviewed to obtain the essential information about each participant, such as the name of 

the subject, gender, and date of birth.   
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4.7.1.4 Recruitment of children from schools  

Finally, due to poor postal services in Benghazi, it was necessary to obtain parents’ consent 

with the support of Head Teacher or the secretary in each school in the presence of the 

researcher.  The researcher explained the importance of the study to the parents/guardians of 

children, providing information about the study.  The researcher then provided the parents a 

permission letter, explaining the aims and methods of the study, seeking an expression of 

interest in the study.  The researcher mentioned that the possibility of leaving the study at any 

point was assured, and also explained that random selection of children would be used and not 

all children providing consent would be included in the research (Appendix 4.16).  A form for 

written, informed consent for all elements of the study including dental photography 

accompanied the letter (Appendix 4.17).  After the parents signed the permission letters at the 

Head teacher or secretary’s office, the pupils were also encouraged to sign a letter containing 

similar information and the written consent (Appendix 4.18).  This approach also helped to 

maximise the response rate.  A list of names of schoolchildren who had been consented was 

made based on the inclusion criteria, and then 22 participants were selected randomly as 

described in the sampling procedure (Section 4.4).  Table 4.5 lists the different ethical 

permissions secured prior to the fieldwork.  The national and school holidays were considered 

during the preparations for the field study.  Appendix 4.2 lists the schools and numbers of 12 

year-old schoolchildren in the different schools in each District in Benghazi.   

Table 4.5: Ethical permission from Libyan authorities obtained prior to Fieldwork. 

Ethical Permission 
 
Permission from Libyan Cultural Bureau in London 

Permission from Ministry of Education 

Permission from Ministry of Health 

Permission from Dental Faculty, Benghazi University 

Permission from Head Teacher of schools 

Permission from Parents 

Permission from pupils 
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4.7.2 Training an assistant 

An assistant with Dental Nursing qualification was trained by the researcher (RH) in 

Benghazi.  The assistant helped with the preparation of all the materials which were used in 

the dental examination sessions and in ushering each subject from their class room.  During 

the training process, the assistant was given a list with the names of all randomly selected 

subjects to be examined during the fieldwork.  In addition the assistant was trained in scribing 

data by initially including an explanation of the coding system of dental examination form 

followed by training in the proper method of transcribing the dictated diagnostic information 

onto the dental examination forms.  The same assistant accompanied the examiner on every 

school visit involving dental examination and dietary interviewing, to help in entering the 

diagnosed criteria codes on the examination form and collection of water samples.   

4.7.3 Three-day food diary  

The researcher started the data collection in October 2007, distributing and then collecting the 

3-day food diary from the sub-sample before the dental examination was undertaken.  The 

sub-sample was selected randomly, using the method described in Section 4.4, from each 

school to complete the food diary.  The sub-sample of children was asked to complete the 

food diary during three consecutive days, two week days (Thursday and Saturday) and one 

weekend day (Friday).  The subjects were asked to carry the food diary with them all the 

times during the three-day period and to record the foods and beverages consumed at the time 

of consumption.  The subjects were also asked to record if the drinking water was from a tap 

or bottle.  In addition, subjects were asked to record the amount of foods and drinks consumed 

by estimating using household measures (e.g. cups, tablespoons) and these records were 

confirmed by the researcher at the time of interview by using food models (Anderson, 1995; 

Biro et al., 2002).  Subjects were asked also to record any medication taken and also to collect 

the four water samples of tap water (Section 4.5.1.4).  A dietary interview was undertaken 
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between the researcher (RH) and each child in order to clarify the recorded 3 day dietary 

information.  The interviews took place in any available space within school on Day 4 

(Sunday) after completion of food diaries for three days (Thursday, Friday, and Saturday).  

The dietary interviews were scheduled for Day 4 immediately after the completion of the 

three-day food diary in order not to compromise the subjects’ ability in remembering their 

dietary intake.  A list with all drinks, food and confectionery mentioned in the food diaries 

was made.  The researcher measured the weight of every subject that completed a food diary 

in the sub-sample using weighing scales (Seca, Germany), and the water samples were 

collected from subjects during the interviews.  Children who completed the food diaries 

received stationery boxes as means of thanks for their help with the study.  The three-day 

dietary diary and the interview were completed before the dental examination sessions to 

minimise the risk of subjects changing their dietary habits due to increased dental awareness.   

4.7.4 Study procedure for questionnaire 

The researcher distributed the questionnaire to the 22 randomly selected subjects from each 

school.  Copies of questionnaires were prepared prior to each school visit then, distributed for 

completion in any free places; classrooms, sports rooms, laboratories, libraries.  All the 

randomly selected subjects (22 subjects) answered their questionnaires separately but in the 

same location at the same time.  The researcher asked the children to complete the 

questionnaire after explaining the importance of their honest answers, emphasising that there 

were no right or wrong answers, and providing reassurance that their answers and names 

would be kept confidential.  Completed questionnaires were collected immediately following 

completion.  This approach was taken to try to maximise the response.  After collection of the 

questionnaires, the researcher scanned the answers quickly and asked the children to complete 

any missing answers if there were any uncompleted answers.  This method helped to 

minimise any missing data.  The questionnaire surveys were completed by the children before 
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dental examination to prevent the risk of bias following the dental examination.  After the 

fieldwork was completed, the collected data were photocopied and parcelled in boxes 

according to the school order and subject numbers.  After completion of the field study, the 

written documents (oral health assessment forms, questionnaires and food diaries) were 

transported from Benghazi to Newcastle upon Tyne, UK by DHL International Ltd.   

Water samples were transported from Benghazi to Newcastle upon Tyne, UK by World 

Courier Ltd UK.   

4.7.5 Study procedure for dental examinations 

Dental examinations were conducted at schools after the completion of the three-day 

estimated food diary with interview, and after completion of the questionnaire.  Ten per cent 

of the total sample size was randomly selected and dentally examined for a second time 

during each dental examination session to assess the reproducibility of this study.  The dental 

examination was undertaken in any available space, such as class rooms, computer rooms, 

libraries, and laboratories.  The dental examination was conducted under artificial light, with 

additional lighting via a headlamp which was used throughout the dental examination as the 

diagnostic source of light.  The subjects were seated in an ordinary chair, in front of the 

examiner.  The examiner used for the dental examination; pre-packed sterilised oral 

examination kits which contained, a plain mouth mirror and a CPITN probe to help detect 

dental caries by removing food debris.  Packages of sterilised gauze were used to dry the tooth 

surfaces.  Gloves, masks and a digital camera with intra-oral photography mirrors and cheek 

retractors were available for use where necessary.  The photography mirrors and the cheek 

retractors were sterilised with cold sterilisation solution.  After drying the tooth surfaces by 

gauze, dental mirrors were used to visually inspect the teeth.  The dental examination was 

undertaken to record dental caries, filled, and missing teeth using the criteria for dental caries 

as mentioned before (Appendix 4.3).   
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Dental erosion was recorded by depth and area for the labial and palatal surfaces of all 

permanent maxillary incisors and the occlusal surfaces of the first permanent molars 

(Appendix 4.3).  For protection of identifiers on the data, a subject number was used 

throughout the study and the name with subject number kept separately and stored in a locked 

filing cabinet in key locked office.  The teeth surfaces were examined for loss of surface 

enamel characteristics, and exposure of dentine or pulp.  The date of examination was 

recorded.  The date of birth was recorded from school files.  Revision of the CD of clinical 

slides from patients with varying severity of dental erosion and caries from the 2003 Dental 

Health Survey of children and young people which was recommended by Professor June 

Nunn was undertaken every week, before the dental examination for the purposes of 

maintaining acceptable intra-examiner agreement.   

At the end of each dental examination, all the clinical waste was disposed in a waste bin box.  

Disinfection solution was carried for disposal at the Dental School.  All used instruments 

were taken to be sterilised in the sterilization centre at the Dental Faculty.  At the end of 

dental examination every subject received a letter, to be given to the parents/guardians; the 

letter contained the result of dental examination and a note and advice if the child need to seek 

dental treatment (Appendix 4.19).  All participants received a stationery box and a certificate 

as a means of thanks for their participation in the study (Appendix 4.20).   

4.7.5.1 Intra-oral photography 

Clinical intra-oral digital photographs were obtained using a FinePix S602 Zoom digital 

camera using the auto-focus mode dial and macro-mode with a shooting distance of between 

10cm-80cm).  Overall, 210 subjects were photographed intra-orally representing 25% of the 

total sample.  These children were randomly selected using the same procedures mentioned 

previously.  More than 642 intra-oral digital photographs were taken.  Three intra-oral 

photographs for each subject (labial, palatal and vertical views) along the long axis of the 
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anterior teeth using same method for each child from six randomly selected pupils in each 

school were taken.  Intra-oral photographs were obtained to assess the level of inter-examiner 

agreement and for illustrative purposes.  Intra-oral photography mouth mirrors, cheek 

retractors with cold sterilisation solution were used.  All the photographic images of the six 

subjects in each school were transferred from the digital camera and saved on a password-

protected computer, and each intra-oral photograph, labelled as following: school number, 

subject number, view (labial, or palatal, or long axis), and saved in a new folder named by 

school number in the same day.  The images were also saved on a CD and stored in a locked 

filing cabinet in key locked office.   

The reproducibility of the study was also assessed using clinical intra-oral photographs taken 

with the level of inter-examiner agreement calculated by the Cohen’s Kappa statistic (WHO, 

1997).  A selection of these photographs with sufficient diagnostic quality were separately 

coded for dental erosion by the researcher and by Dr Paula Waterhouse and used to assess the 

level of inter-examiner agreement, using SPSS 17.0 for Windows.   

4.7.5.2 Reproducibility of the study 

Efforts were made to maintain the intra-examiner variability at an acceptable level by regular 

revision of the training CD which contained a series of clinical slides, and simulated the 

criteria of dental erosion.  This was undertaken each week and also by the presence of criteria 

for recording dental erosion and caries on the oral assessment forms.   

In each school, after completion of the dental examination of 22 individuals, 10% of the total 

sample, i.e. 2 subjects per school were re-examined on the same day for both dental erosion 

and caries to ensure the reproducibility of the application of diagnostic criteria.  Overall, 70 

subjects were re-examined.  To ensure the examiner was blind to those subjects on the day of 

dental examination the assistant was instructed to randomly re-call two pupils during the 

dental examination session without informing the examiner and another clinical examination 

 69



was undertaken, allowing an interval of at least two hours between the two examinations.  The 

results of the dental examination were analysed for reproducibility by Cohen’s Kappa (WHO, 

1997) and used to show if there was a shift in diagnosis between first and second 

examination.   

4.7.6 Contact with supervisors 

Contact with the researcher’s supervisors was made at two week intervals via e-mail during 

the period of the fieldwork in Benghazi, and also when there was an enquiry by the 

researcher.  The researcher provided the supervisors with update reports about every step 

done in the fieldwork according to the time table in the fieldwork (Appendix 4.21).   

4.7.7 Preparation of data for transportation to UK 

Once the data collection period was complete, all the collected data, the oral health 

assessment forms, questionnaires, and food diaries were checked for clear coding, scribing 

and data entry and parcelled in number order in Benghazi.  Then, the written documents were 

transported to the UK by the DHL International Ltd.   

4.8 Managing the data in the UK  

The collected data were entered into computer data file and then verified by the Data 

Preparation Service at Newcastle University.  After MS Excel files of entered data were 

received from Data Preparation Service, they were converted into Statistical Package for 

Social Sciences-SPSS 15.0 for Windows statistical programme.  Whenever there was an 

enquiry or space, in the questionnaire, the written documents were re-visited by the researcher 

and any queries clarified.  There were three repeated ID numbers in the oral health assessment 

forms, which were clarified by the examiner by further examination of the school number and 

examination date.   
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4.9 Statistical analysis 

Data were analysed using the Statistical Package for Social Sciences-SPSS 15.0 for Windows.  

Descriptive analysis was used to characterise the different aspects of questionnaire data, and 

oral health assessment forms regarding; dental caries and dental erosion.  The statistical 

procedures used for data analysed were detailed in each corresponding chapter.  Associations 

between dental erosion variables and erosion-related variables were tested through a process 

of bivariate analysis, using the exact versions of the non-parametric test Chi-Square, Fisher’s 

and Linear Association.  Odds ratio (OR) and 95% Confidence Intervals (CI) were calculated 

for 2 x 2 tables.  Only two-sided statistical tests were used.  The statistical significance level 

was established at 5%.  After completion of the bivariate analysis a multivariate analysis 

using a forward stepwise logistic regression model was used to determine the variables 

independently associated with experience of dental erosion.   
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Chapter 5  

The prevalence of dental erosion 

5.1 Introduction 

Dental erosion has been defined as progressive irreversible loss of dental hard tissues by a 

chemical process, not involving bacteria (Imfeld, 1996; Nunn et al., 1996; Linnett and Seow, 

2001) Erosion is a multifactorial condition influenced by the interaction of chemical, 

biological and behavioural factors which explains why some individuals exhibit more erosion 

than others (Dugmore and Rock, 2004b; Lussi and Jaeggi, 2008).   

Erosion is often associated with other forms of tooth wear such as abrasion and attrition 

(Bartlett, 2009).  Attrition is the wear of tooth against tooth, and abrasion is the wear of teeth 

by physical means other than opposing teeth such as tooth brushing (Gandara and Truelove, 

1999; Osborne-Smith et al., 1999).  The term ‘tooth wear' was used as a reflection of all three 

conditions (erosion, abrasion and attrition), in relation to the aetiological factors (Smith and 

Knight, 1984a).  The majority of tooth wear in childhood is due to dental erosion (Smith and 

Knight, 1984b; Milosevic et al., 1994; Millward et al., 1994b; Milosevic, 1998; Chadwick et 

al., 2006).  Adequate preventive measures can only be put in place when the risk factors are 

known (Lussi et al., 2007).   

The main causes of dental erosion are intrinsic or extrinsic acids; intrinsic acids from gastro-

oesophageal reflux or frequent vomiting, while the source of extrinsic acids may be frequent 

consumption of acidic foods and beverages, particularly fruits and fruit juices, soft drinks, 

herbal tea, wines and vinegar and frequent swimming in heavily chlorinated water (Millward 

et al., 1994b; Johansson et al., 1996; Shaw and Smith, 1999; Nunn et al., 2001; Al-Dlaigan et 

al., 2001b; Al-Dlaigan et al., 2001c; Chadwick and Pendry, 2004; Milosevic et al., 2004; 

Bartlett, 2009).   
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Poor salivary flow or inadequate buffering capacity are factors that exacerbate dental erosion 

(Moynihan and Petersen, 2004).  However, the most important cause of erosion in children is 

the frequent intakes of acidic foods and drinks (May and Waterhouse, 2003).  Dental erosion 

in children is a common condition with early damage to the teeth potentially affecting oral 

health for an entire lifetime and requiring extensive, difficult and complicated treatment.  

There is a growing concern that the prevalence of erosion has been increasing amongst 

children (Walker et al., 2000; Al-Dlaigan et al., 2001a; Nunn et al., 2003; Chadwick and 

Pendry, 2004).  Therefore, early diagnosis and prevention of erosion in children and adults is 

important.  The decline in caries has made dental erosion become increasingly recognized as a 

public health concern amongst children and adolescents (McGuire et al., 2009).   

Dental erosion assessment was first included in the UK Children’s Dental Health Survey in 

1993 and has been repeated periodically at 10 year intervals.  The 1993 Child Dental Survey 

used the term dental erosion (O'Brien, 1994) but the term tooth surface loss (TSL) was used in 

the 2003 survey as it more accurately reflects the multifactoral aetiology of the condition 

(Chadwick and Pendry, 2004).   

Several studies have assessed the prevalence of dental erosion using different indices and 

criteria and showed a wide range of prevalence figures.  This wide range of results may be 

due to the absence of a unified approach to assess dental erosion (Eccles and Jenkins, 1974; 

Lussi et al., 1991; O'Brien, 1994; Hind and Gregory, 1995; Kunzel et al., 2000; Larsen et al., 

2000; Walker et al., 2000; O'Sullivan, 2000c; Al-Dlaigan et al., 2001a; Chadwick and Pendry, 

2004; Wiegand et al., 2006).   

Most dental erosion data are derived from European studies; only a few epidemiological 

studies of dental erosion prevalence have been undertaken in developing countries (Johansson 

et al., 1996; Al-Malik et al., 2001b; Al-Majed et al., 2002; Peres et al., 2005a; Auad et al., 

2007; EI Karim et al., 2007).   
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There are no published epidemiological studies relating to the prevalence of dental erosion in 

Libya or its association with consumption of acidic foods and drinks, nor has any association 

of dental erosion with caries been investigated in Libya.  Consequently, both the prevalence 

and severity of dental erosion in Libya are currently unknown.   

5.2 Aims  

The aims of the study were:  

5.2.1 To determine the prevalence and severity of dental erosion amongst 12 year-old 

schoolchildren in Benghazi, Libya.   

5.2.2 To examine gender differences in relation to the prevalence and severity of dental 

erosion amongst 12 year-old schoolchildren in Benghazi, Libya.   

5.3 Objectives  

 To undertake a dental examination of 12 year-old Libyan schoolchildren in Benghazi 

in order to assess the prevalence and severity of dental erosion.   

5.4 Null hypothesis  

 There was no difference in the prevalence and severity of dental erosion in 12 year-old 

children in Benghazi, Libya compared with European children.   

5.5 Methods:  

The main methods are discussed in detail in Chapter 4.   
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5.5.1 The study sample 

The study sample comprised 12 year-old schoolchildren resident in Benghazi, in the sixth 

grade of elementary schools.  Both genders were included in this study.  These children were 

studying at public elementary schools in 15 different Districts in Benghazi.   

The sample size was designed to be representative of the children in Benghazi.  The sample 

size needed to provide suitable statistical power was calculated with the assistance of a 

medical statistician, Dr Nick Steen, Principal Research Associate, Institute of Health and 

Society, Newcastle University.  See Chapter 4 (Section 4.3).   

5.5.2 The sampling 

Cluster sampling, with the schools as clusters was used for the sampling procedure.  The total 

number of 12 year-old schoolchildren studying in the 81 public elementary schools in 

Benghazi was 7682 children.  Public schools comprised 90% of the total number of schools in 

Benghazi (GAI, 2006).  Further details on the sampling procedures used were given in 

Chapter 4 (Section 4.4).   

5.5.3 Calibration of the researcher 

Calibration of the researcher for the dental examination in the use of the dental erosion and 

dental caries indices took place in the Division of Child Dental Health, School of Dental 

Sciences under the supervision of an experienced calibrator, Professor June Nunn from the 

School of Dental Sciences, Trinity College, Dublin University.  The calibration included a 

one-to-one training session using the Child Dental Health 2003 examiner calibration compact 

disc.  See Chapter 4 (Section 4.4.1.1).    
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5.5.4 Timetable for the study in Benghazi  

The time table for the field work in Benghazi schools was prepared at Newcastle University.  

It was planned that it would take five months to finish the field work with three schools being 

visited for dental examination each week.  Figure 5.1 shows the number of schools, 

schoolchildren, participating schools and children in each school, while Appendix 4.8 

demonstrates the order and scheduling of its various elements.   

5.5.5 Ethical approval and permissions from local authorities  

Ethical clearance and permissions to conduct the study in Benghazi was obtained from the 

local authorities and schools as Section 4.6.1 described.   

5.5.6 Training of an assistant 

An assistant with dental nursing background working in Benghazi Dental School was trained 

in scribing the clinical data and entering the diagnosed codes on the examination form by the 

researcher in Benghazi.  The assistant helped with the preparation of all the materials needed 

for the dental examination.   

5.5.7 Dental examination  

The dental examination was undertaken in each school as discussed in Chapter 4.  Dental 

erosion was determined using the index used in the oral health component of the UK National 

Diet and Nutrition Survey (NDNS) (Walker et al., 2000) (Table 4.2).  The depth and area of 

tooth surface loss for the labial and palatal surfaces of all permanent maxillary incisors and 

the occlusal surfaces of the first permanent molars were recorded on the oral health 

assessment sheets (Appendix 4.3), the teeth surfaces being examined for a range of 

appearances from loss of surface enamel characteristics to exposure of dentine or pulp.   
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Figure 5.1: Flow chart of the field work to show the response rate; number of 12 year-old 
children, schools, districts, consent forms, completed consent and participating schools and 
schoolchildren. 

 

36 schools were randomly selected 

Total number of 12 year-olds studying in the 36 
schools = 3014, all invited to participate in the study 

Total number of 12 year-olds = 7682 studying at 81 
elementary schools in 15 districts1

2662 consents returned (88.3%)

Permission from authorities and schools in Libya 

 

Lists of 2662 children by school, 36 lists (schools) of children each list 
contains around 50-150 children usually 100 -/+20 

 
 

 

Random selection of sub-
sample, 7 children from the 22 

children in each school for 
completing food diary 

Completion of 
questionnaire survey 

n = 792 

Random selection of required sample number, 22 per school (Total = 792) 

Dental examination  
n =792 

(22 children x 36 
schools = 792 children) 

 

 Random selection of 6 children 
from the 22 in each school for intra-

oral photographs 
 
 
1Source: Great Socialist People’s Libyan Arab Jamahiriya: General Authority of Information (GAI, 2006) A preliminary 
result of general population census 2006.    

Depth of dental erosion on a surface was scored as code 1 if erosion was seen in enamel only, 

code 2 if erosion was seen in enamel and dentine, code 3 if involving enamel, dentine and 

pulp.  The area of dental erosion on a surface was scored as code 1 if dental erosion affected 

less than one third surface, code 2 if a affected up to two thirds of the surface and code 3 if it 
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was more than two thirds.  The criteria for dental examination are described in Appendix 4.4.  

In cases where there was doubt over the assessment of a surface, the lower score was assigned 

(Walker et al., 2000).   

5.5.8 Reproducibility of the study 

For the purpose of reproducibility, in each school, 10% of the dentally examined children, two 

subjects per school, were re-examined on the same day as the dental examination to determine 

the reproducibility of the application of diagnostic criteria.  Overall, 75 subjects provided data 

for intra-examiner reproducibility.  The following thresholds were considered; score 0 (total 

disagreement), score 0.4-0.6 (moderate agreement), score 0.6-0.8 (substantial agreement), 

score >0.8 (good agreement) and score =1 (perfect agreement) (WHO, 1997).   

5.5.9 Intra-oral photography 

Overall, 200 subjects (25% of the total sample) were randomly selected and underwent intra-

oral photography.  Using the method described in Section 4.6.5.1, 3 intra-oral photographs 

(labial, palatal and a vertical view along the long axis of the anterior teeth) were taken for 

each subject and used to assess the level of inter-examiner agreement in the diagnosis of 

dental erosion and for illustrative purposes.   

5.5.10 Data handling and statistical analysis 

The collected data from the dental examination sheets were entered into computer data file 

and then verified by the Data Preparation Service at Newcastle University.  Data related to 

dental erosion were then copied into a database designed within the Statistical Package for 

Social Sciences-SPSS 15.0 for Windows.  A second database, with data from subjects who 

had been examined in duplicate, was developed to measure the level of intra-examiner 

agreement in assessing dental erosion.  The prevalence of erosion was calculated as the 
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number and proportion of subjects affected and number and proportion of dental surfaces 

affected, groups of teeth affected, and the severity based on depth and area affected.  Dental 

erosion for area and for depth was cross tabulated with gender.   

The following outcome variables were derived:  

For area: Total score for all surfaces (12) examined per mouth and mean surface score per 

mouth.   

For depth: Total score for all surfaces (12) examined per mouth and mean surface score per 

mouth.   

5.6 Results 

5.6.1 The response rate 

All 12 year-old schoolchildren of both genders attending 36 randomly selected schools in 

Benghazi were invited to participate in the study.  Written consents were obtained from 2662 

out of the 3014 subjects (total number of 12 year-olds in the 36 schools).  The overall 

response rate was 88.3% (Figure 5.1).  The main reasons for non-responses in the 338 

children who did not take part were lack of signed parental consent (n= 311; 10.8%) or 

absence from schools (n= 27; 0.9%).   

5.6.2 The study sample 

The study sample was 792 12 year-old schoolchildren resident in Benghazi.  Since one oral 

health assessment form was missing when data were collected, the total number of the sample 

became 791 subjects; 397 boys and 394 girls.  These children were studying at the sixth grade 

in 36 elementary co-educational public schools; a random selection of 11 boys and 11 girls 

with parental permission was examined clinically in each school.  The age range was 10.8-
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12.5 years (mean age, 11.7 years, standard deviation, 0.307).  Data collection in schools took 

five months from 8th of September 2007 to 31st of January 2008 (Appendix 4.8).   

5.6.3 Reproducibility of the study 

The levels of intra-examiner agreement in the assessment of dental erosion, as measured by 

Cohen’s Kappa statistic (WHO, 1997) for code 1 by depth (erosion into enamel only) were 

89%, 91% and 77% for the labial, palatal surface of incisors and occlusal surface of molars 

respectively. This indicated a good level of agreement for labial and palatal surface of incisors 

and substantial agreement for occlusal surface of molars (Appendix 5.1).   

5.6.4 Intra-oral photography 

Due to poor lighting in the schools only 31 x 3 (5% of the total taken) intra-oral photographs 

(labial, palatal and vertical view along the long axis of the anterior teeth) were clear. The 

inter-examiner reliability for photographic assessment of dental erosion at code 1 for depth on 

labial and palatal surfaces of anterior teeth measured by the Cohen’s Kappa statistic was 65% 

and 77% respectively, indicating a substantial level of agreement (WHO, 1997).  Intra 

examiner reliability could not be assessed because there was an incomplete data set between 

photo images and actual clinical examination.   

5.6.5 Description of prevalence and severity of dental erosion 

The prevalence and severity of dental erosion seen is presented as:  

a) Mouth prevalence (Yes/No): by subject and mean score per mouth (for area and for depth).   

b) Mouth severity for index teeth (for area and for depth): by gender and by tooth type.   

c) Tooth prevalence for index teeth: for all surfaces and by tooth type.   
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5.6.6 Mouth prevalence of dental erosion  

Of the 791 examined subjects, 323 subjects (40.8%) exhibited dental erosion (code >0) for 

depth in one or more upper permanent incisors, or upper and lower first permanent molars; 

59.2% of subjects had no clinical evidence of dental erosion.  Dental erosion into enamel only 

was the most common finding, into dentine was relatively uncommon, while into pulp was 

rare (Table 5.1).  Based on area affected, 323 subjects (40.8%) exhibited dental erosion (code 

>0), with 32.6% of these subjects having erosion affecting more than two thirds of one or 

more surfaces examined (Table 5.2).   

The mean total scores for dental erosion for all surfaces per mouth by area and by depth were 

both 2.69.  The median was equal to zero (Table 5.3).   

Table 5.1: Mouth severity of erosion categorised by distribution of the highest codes scored for 
dental erosion for depth (all index teeth). 

Score Score 0 
Normal 

Score 1 
Enamel only 

Score 2 
Enamel and 

dentine 

Score 3  
Enamel, dentine 

and pulp 

Total Score 
>0 

No. of subjects 
(%) 

468 
(59.2) 

258 
(32.5) 

63 
(8.0) 

2 
(0.3) 

791 
(100) 

323 
(40.8) 

Table 5.2: Mouth prevalence of erosion categorised by distribution of the highest codes scored 
for dental erosion for area (all index teeth). 

Score Score 0 
Normal 

Score 1 
<1/3 surface 

Score 2 
1/3 < 2/3 surface 

Score 3 
>2/3 surface  

Total Score 
>0 

No. of subjects 
(%) 

468 
(59.2) 

3 
(0.4) 

62 
(7.8) 

258 
(32.6) 

791 
(100) 

323 
(40.8) 

Table 5.3: Mean, standard deviation (SD), median and range of the total score of erosion for all 
surfaces per mouth by area and by depth. 

12 surfaces (4 labial+4 palatal+4 occlusal) per mouth Mean SD Median Range 
Total score for all surfaces by area (n = 791) 
 
Total score for all surfaces by depth (n = 791) 

2.69 
 

2.69 

3.81 
 

3.81 

0.0 
 

0.0 

0-12 
 

0-12 
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5.6.7 Mouth prevalence and severity of dental erosion by gender 

A higher prevalence of erosion was observed amongst girls (46.7%) than boys (35.0%).  This 

difference was statistically significant (Fisher’s exact test; p= 0.001, Odds Ratio 1.63, 95% CI 

1.22, 2.16) (Table 5.4).  Of the 184 girls (46.7% of total girls sample) with experience of 

dental erosion; 144 (36.6% of total girls sample) had evidence of erosion into enamel only, 38 

(9.6%) into dentine and 2 (0.5%) into pulp.  Of the 139 boys (35% of total boys sample) with 

evidence of dental erosion, 114 (28.7% of total boys sample) had evidence of erosion into 

enamel only, 25 (6.3%) into dentine and no one (0%) had erosion into pulp.  The difference in 

number of girls and boys with experience of dental erosion by depth was statistically 

significant (Pearson Chi-Square; p= 0.004) (Table 5.5).  With regard to the extent of erosion 

by area, as Table 5.6 shows, 153 girls (38.8%) and 105 boys (26.4%) had evidence of erosion 

involving more than two thirds of the surfaces.  This difference was statistically significant 

(Pearson Chi-Square; p= 0.001).   

Table 5.4: Significance of association (P) between the mouth prevalence of dental erosion and 
gender (for depth and/or area > 0).

Experience of dental erosion 
Gender Girls Boys Both 

 Yes No Total Yes No Total Yes No Total 
No. of subjects 

(%) 
184 

(46.7) 
210 

(53.3) 
394 

(100) 
139 
(35) 

258 
(65) 

397 
(100) 

323 
(40.8) 

468 
(59.2) 

791 
(100) 

    Fisher’s exact test; p= 0.001   OR= 1.63 (95% CI 1.22, 2.16)     

Table 5.5: Mouth severity of erosion categorised by distribution of the highest codes scored for 
depth for all index teeth by gender. 

 
Score 

Score 0 
Normal 

Score 1 
Enamel 

only 

Score 2 
Enamel and 

dentine 

Score 3 
Enamel, dentine 

and pulp 

 
Total 

Score 
>0 

No. of boys 
(%) 

 
No. of girls 

(%) 
 

Total 
(%) 

258 
(65.0) 

 
210 

(53.3) 
 

468 
(59.2) 

114 
(28.7) 

 
144 

(36.6) 
 

258 
(32.5) 

25 
(6.3) 

 
38 

(9.6) 
 

63 
(8.0) 

0 
(0.0) 

 
2 

(0.5) 
 

2 
(0.3) 

397 
(100) 

 
394 

(100) 
 

791 
(100) 

139 
(35.0) 

 
184 

(46.7) 
 

323 
(40.8) 

    Pearson Chi-Square; p= 0.004   
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Table 5.6: Mouth prevalence of dental erosion categorised by distribution of the highest codes 
scored for area for all index teeth by gender. 

 
Score 

Score 0 
Normal 

 

Score 1 
<1/3 

surface 

Score 2 
1/3 < 2/3 
surface 

Score 3 
>2/3 

surface 

 
Total 

Score 
>0 

 
No. of boys 

 (%) 
 

No. of girls 
 (%) 

 
Total 
(%) 

258 
(65.0) 

 
210 

(53.3) 
 

468 
(59.2) 

3 
(0.8) 

 
0 

(0.0) 
 

3 
(0.4) 

31 
(7.8) 

 
31 

(7.9) 
 

62 
(7.8) 

105 
(26.4) 

 
153 

(38.8) 
 

258 
(32.6) 

397 
(100) 

 
394 

(100) 
 

791 
(100) 

139 
(35.0) 

 
184 

(46.7) 
 

323 
(40.8) 

    Pearson Chi-Square; p= 0.001 

5.6.8 Mouth prevalence and severity of dental erosion by tooth type  

The subjects had at least one tooth of the 2 tooth types assessed i.e upper incisors and first 

permanent molars.   

5.6.8.1 Labial surface of upper incisors by depth 

Of the 791 subjects, 198 subjects (25%) had evidence of dental erosion with one or more 

labial surfaces of the incisors examined scoring >0 for depth.  Of the 791 subjects, 24.6% had 

erosion which was seen to be affecting enamel only, 0.3% had erosion into dentine and 0.1% 

had highest code of erosion affecting enamel, dentine and pulp (Table 5.7).  The mean score 

for erosion (depth) labial surfaces of incisors was 0.96±1.67 (Table 5.8).   

Table 5.7: Mouth prevalence of dental erosion categorised by distribution of the highest codes 
scored by depth for labial and palatal surfaces of incisors. 

Depth score Score 0 
Normal 

Score 1 
Enamel 

only 

Score 2 
Enamel and 

dentine 

Score 3 
Enamel, dentine 

and pulp 

Total  Score >0 
 

Labial surface 
No. of subjects 

(%) 
 

Palatal surface 
No. of subjects 

(%) 

 
593 

(75.0) 
 
 

589 
(74.5) 

 
195 

(24.6) 
 
 

199 
(25.1) 

 
2 

(0.3) 
 
 

2 
(0.3) 

 
1 

(0.1) 
 
 

1 
(0.1) 

 
791 

(100) 
 
 

791 
(100) 

 
198 

(25.0) 
 
 

202 
(25.5) 
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Table 5.8: Mean, standard deviation (SD), median and range of the total scores per mouth for 
dental erosion of labial and palatal incisor surfaces by area and by depth. 

4 labial and 4 palatal surfaces of incisors per mouth Mean SD Median Range

Total score for labial surfaces by area (n = 791) 
 
Total score for labial surfaces by depth (n = 791) 
 
Total score for palatal surfaces by area (n = 791) 
 
Total score for palatal surfaces by depth (n = 791) 

1.01 
 

0.96 
 

1.02 
 

0.98 

1.71 
 

1.67 
 

1.72 
 

1.69 

0.0 
 

0.0 
 

0.0 
 

0.0 

0-6 
 

0-4 
 

0-6 
 

0-4 

5.6.8.2 Palatal surface of upper incisors by depth 

Of the 791 subjects, 202 subjects (25.5%) had evidence of dental erosion with one or more 

palatal surfaces examined scoring >0 for depth.  Of the 202 subjects with erosion, 199 

(25.1%) of total sample had dental erosion affecting enamel only.  Only one subject had 

erosion into pulp (Table 5.7).  The mean score = 0.98± 1.69 and median was zero (Table 5.8).   

5.6.8.3 Labial surface of upper incisors by area: 

Of the 791 subjects, 198 subjects (25%) had evidence of erosion (score >0 for area) affecting 

one or more labial surfaces of the incisors examined.  Of these 198 subjects with erosion, 196 

(24.7%) of total subjects erosion affected more than two thirds of the labial surface of incisors 

(Table 5.9).  The mean score= 1.01±1.71, median = zero (Table 5.8).   

5.6.8.4 Palatal surface of upper incisors by area: 

Of the sample, 202 subjects (25.5%) had evidence of erosion of one or more palatal surfaces 

of incisors (scoring >0 for area) affecting more than two thirds of one or more palatal surfaces 

(Table 5.9).  The mean score = 1.02±1.72 (Table 5.8).   
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Table 5.9: Mouth prevalence of dental erosion categorised by distribution of the highest codes 
scored by area for labial and palatal surfaces of incisors. 

Area score Score 0 
Normal 

Score 1 
<1/3 surface 

Score 2 
1/3 < 2/3 
surface 

Score 3 
>2/3 

surface 

Total Score >0 
 

Labial surface 
No. of subjects 

(%) 
Palatal surface 
No. of subjects 

(%) 

 
593 

(75.0) 
 

589 
(74.5) 

 
0 

(0.0) 
 

0 
(0.0) 

 
2 

(0.3) 
 

0 
(0.0) 

 
196 

(24.7) 
 

202 
(25.5) 

 
791 

(100) 
 

791 
(100) 

 
198 

(25.0) 
 

202 
(25.5) 

5.6.8.5 Occlusal surface of first permanent molars by depth 

The distribution of erosion severity affecting first permanent molars can be seen in Table 5.10 

and Table 5.11.  Of the total sample, 180 (22.8%) had evidence of dental erosion (score >0 for 

depth) affecting the occlusal surface of at least one of first permanent molars examined; 

14.9% of subjects had dental erosion affecting enamel only.  The remaining (7.9%) had 

erosion affecting dentine (Table 5.10).   

5.6.8.6 Occlusal surface of first permanent molars by area: 

Of the sample, 180 subjects (22.7%) had evidence of dental erosion (scoring >0 for area) 

affecting the occlusal surface of molars while 19.1% of subjects had dental erosion affecting 

up to two thirds of the occlusal surface of one or more of their permanent first molars (Table 

5.11).   

Table 5.10: Mouth prevalence categorised by distribution of the highest codes scored by depth 
on occlusal surfaces of all 4 first permanent molars. 

Score Score 0 
Normal 

Score 1 
Enamel 

only 

Score 2 
Enamel and 

dentine 

Score 3 
Enamel, dentine 

and pulp 

Total Score >0 

No. of subjects 
(%) 

611 
(77.2) 

118 
(14.9) 

62 
(7.9) 

0 
(0.0) 

791 
(100) 

180 
(22.8) 

 85



Table 5.11: Mouth prevalence categorised by distribution of the highest codes scored by area on 
occlusal surfaces of all 4 first permanent molars.

Score Score 0 
Normal 

Score 1 
<1/3 

surface 

Score 2 
1/3 < 2/3 
surface 

Score 3 
>2/3 

surface 

Total Score >0 

No. of subjects 
(%) 

611 
(77.3) 

16 
(2.0) 

151 
(19.1) 

13 
(1.6 ) 

791 
(100) 

180 
(22.7) 

5.6.9 Tooth prevalence of dental erosion  

5.6.9.1 For all index teeth 

In total, 6328 upper permanent incisors and upper and lower permanent first molars were 

evaluated.  Among these teeth, 1372 (21.7%) had evidence of erosion.  On 172 of the 

examined teeth (2.7%), an erosion assessment could not be made, and 4784 (75.6%) had no 

evidence of dental erosion (Appendix 5.2).   

5.6.9.2 For all index teeth surfaces  

In total, 9492 dental surfaces were evaluated.  Of these surfaces, 2128 (22.4%) surfaces had 

evidence of erosion, while for 209 (2.2%), an erosion assessment could not be made.  The 

remaining 7155 surfaces (75.4%) did not present with dental erosion (Appendix 5.3).   

5.6.9.3 For labial and palatal surfaces of permanent maxillary 

incisors  

Of the 6328 surfaces evaluated, 1531 (24.2%) had evidence of erosion (code >0 for area or 

depth), while on 70 surfaces (1.1%), an erosion assessment could not be made and 4727 

(74.7%) did not present with any dental erosion (Appendix 5.4).   
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5.6.9.4 Labial surfaces of maxillary incisors 

In total, 3164 incisors were evaluated.  Among these teeth, 756 (23.9%) incisors had evidence 

of erosion on their labial surfaces, while 2371 incisors (74.9%) did not present with dental 

erosion on the labial surface (Table 5.12).   

Table 5.12: Tooth prevalence of erosion (code > 0 for area or depth) for labial surfaces of 
permanent maxillary incisors.

 
Tooth 

No. examined No. with dental 
erosion 

N            % 

No. without 
dental erosion 

N            % 

No. not 
assessed 
N         % 

Left lateral incisor 
 
Left central incisor 
 
Right central incisor 
 
Right lateral incisor 
 

Total 

791 
 

791 
 

791 
 

791 
 

3164 

187 
 

191 
 

191 
 

187 
 

756 

23.6 
 

24.2 
 

24.1 
 

23.6 
 

23.9 

596 
 

591 
 

590 
 

594 
 

2371 

75.3 
 

74.7 
 

74.6 
 

75.1 
 

74.9 

 8 
 

 9 
 

10 
 

10 
 

37 

1.0 
 

1.1 
 

1.3 
 

1.3 
 

1.2 

5.6.9.5 Palatal surfaces of maxillary incisors 

Of the total sample, 3164 palatal surface were evaluated. There was evidence of erosion on 

775 (24.5%) incisors, while 2356 incisors (74.5%) had no erosion on the palatal surface 

(Table 5.13).   

Table 5.13: Tooth prevalence of erosion (code > 0 for area or depth) for palatal surfaces of 
permanent maxillary incisors.

 
Tooth 

No. examined No. with dental 
erosion 

N          % 

No. without 
dental erosion 

N         % 

No. not 
assessed 

N           % 
Left lateral incisor 
 
Left central incisor 
 
Right central incisor 
 
Right lateral incisor 

 
Total 

791 
 

791 
 

791 
 

791 
 

3164 

195 
 

193 
 

193 
 

194 
 

775 

24.6 
 

24.4 
 

24.4 
 

24.6 
 

24.5 

589 
 

590 
 

589 
 

588 
 

2356 

74.5 
 

74.6 
 

74.5 
 

74.3 
 

74.5 

7 
 

8 
 

9 
 

9 
 

33 

0.9 
 

1.0 
 

1.1 
 

1.1 
 

1.0 
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5.6.9.6 Occlusal surfaces of first permanent molars 

Of the 3164 maxillary and mandibular permanent first molars examined, 2428 molars (76.7%) 

had no evidence of dental erosion and 597 molars (18.9%) had evidence of erosion (Table 

5.14).  The mean total scores per mouth for erosion of occlusal surfaces of molars by area and 

by depth were 0.93 and 0.75, respectively (Table 5.15).   

Table 5.14: Tooth prevalence of dental erosion on occlusal surfaces of maxillary and mandibular 
first permanent molars. 

 
Tooth 

No. 
examined 

 

No. with 
 dental erosion 

N          % 

No. without 
dental erosion 

N          % 

No. not 
assessed 
N        % 

Maxillary Left First Molar 
 
Maxillary Right First Molar 
 
Mandibular Right First Molar 
 
Mandibular Left First Molar 
 

Total 

791 
 

791 
 

791 
 

791 
 

3164 

158 
 

154 
 

140 
 

145 
 

597 

19.9 
 

19.5 
 

17.7 
 

18.4 
 

18.9 

612 
 

615 
 

602 
 

599 
 

2428 

77.4 
 

77.7 
 

76.1 
 

75.7 
 

76.7 

21 
 

22 
 

49 
 

47 
 

139 

2.7 
 

2.8 
 

6.2 
 

5.9 
 

4.4 

Table 5.15: Mean, standard deviation (SD), median and range of the total score per mouth of 
dental erosion for occlusal surfaces of molars by area and by depth. 

4 occlusal surfaces per mouth Mean SD Median Range
Total score for occlusal surfaces by area (n = 791) 
 
Total score for occlusal surfaces by depth (n = 791) 

0.93 
 

0.75 

1.5 
 

1.46 

0.0 
 

0.0 

0-4 
 

0-4 

5.6.10 Area x Depth score for dental erosion 

5.6.10.1 Introduction 

Dental erosion was also measured using an additional derived score for a surface; Area x 

Depth.  This used to seek to quantify the total loss produced by erosion on each tooth surface 

and to provide a greater range of scores.  The distribution of this derived score was considered 

in terms of its usefulness in determining severity as it gave a broader range of scoring.  When 

the results for separate area and depth scores were considered there was never a code 0 for 

depth with >0 for area, or a code 0 for area and >0 for depth.  The new surface score was 
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derived by multiplying Area x Depth, to provide a range of scores of 1, 2, 3, 4, 6 and 9 for 

each surface evaluated.   

This derived score for a surface measured the volume loss of the tooth surface.  For example, 

if a surface had an erosion by Depth score 1 initially (erosion into enamel only), and if erosion 

by Area was <1/3 dental surface (score 1 by Area) the new derived score was 1 (1 x 1 = 1).   

If erosion was scored code 3 by Depth (erosion into enamel, dentine and pulp), the derived 

Depth x Area score would be either 3, 6 or 9.  Score 3; for erosion up to pulp and affecting 

<1/3 surface.  Score 6; for erosion up to pulp and affecting 1/3<2/3 surface.  Score 9; for 

erosion up to pulp and affecting >2/3 surfaces.   

The following outcome variables were derived for Area x Depth: 

 Total score for all surfaces examined per mouth by Area x Depth (sum of Area x 

Depth scores for each scored surface of index teeth) and mean surface score per mouth 

by Area x Depth (total surface score/number of surfaces scored).   

 Total score per mouth for: incisors (2 labial surfaces), incisors (2 palatal surfaces) and 

incisors (4 labial and palatal surfaces) and mean score per mouth (total score/number 

of surfaces scored).   

 Total score of occlusal surfaces of molars per mouth by Area x Depth (sum of Area x 

Depth scores for each surface scored) and mean occlusal surface score for molars per 

mouth (total surface score/number of surfaces scored).   

 Total score and mean score per mouth for: upper molars (2 surfaces), lower molars (2 

surfaces), right molars (2 surfaces) and left molars (2 surfaces).   

5.6.10.2 Mouth prevalence and severity of erosion for total Area x 

Depth scores by gender 

Of the total sample, 323 subjects (40.8%) exhibited dental erosion (code >0) for Area x Depth 

in one or more upper permanent incisors, or upper and lower first permanent molars; 468 
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subjects (59.2%) had no dental erosion (Table 5.16).  Prevalence of erosion was higher 

amongst girls than boys.  This difference was statistically significant (Fisher’s exact test; p= 

0.001, Odds Ratio 1.63, 95% CI 1.22, 2.16).  Figure 5.2 shows the distribution of erosion 

scores by Area x Depth for all index teeth and by gender.   

Table 5.16: Significance of association (P) between the number and proportion (%) of subjects 
with or without experience of erosion (scored by Area x Depth > 0) according to gender.

Experience of dental erosion 
Gender Girls Boys Both 

 Yes No Total Yes No Total Yes No Total
No. of subjects 

(%) 
184 

(46.7) 
210 

(53.3) 
394 

(100) 
139 
(35) 

258 
(65) 

397 
(100) 

323 
(40.8) 

468 
(59.2) 

791 
(100) 

   Fisher’s exact test; p= 0.001     OR= 1.63, 95% CI 1.22, 2.16    

The mean (SD) total score for dental erosion per mouth based on Area x Depth scores for all 

index teeth surfaces was 7.60 (10.98).  The mean (SD) index tooth surface score per mouth 

was 0.95 (1.37) (Table 5.17).   

Table 5.17: Mean, standard deviation (SD), median and range of the total score of dental erosion 
for all index teeth per mouth by Depth x Area (n =783). 

12 surfaces (4 labial + 4 palatal + 4 occlusal) Mean SD Median Range 
Sum of Depth x Area scores for all index teeth surfaces  
 
Mean index tooth surface score by Depth x Area  
(Total score/number of index teeth) 

7.60 
 

0.95 

10.98 
 

1.37 

0.0 
 

0.0 

0-52 
 

0-7 

     Missing 8 subjects (assessment could not be made)   
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5.6.11 Mouth prevalence of erosion (scored by Area x Depth) according 

to tooth type 

5.6.11.1 Upper incisors  

Labial erosion of central incisors was slightly more common than lateral incisors (Table 5.18).  

A symmetrical pattern of dental erosion scored by Area x Depth for central and lateral upper 

incisors was found.  Almost the same number of subjects had erosion for right and left central 

and lateral incisors on the labial and palatal surfaces (Table 5.18).  

The mean (SD) total upper incisor score for all 8 surfaces (labial and palatal) per mouth by 

Area x Depth was 5.84 (9.25).  The mean (SD) incisor score per mouth was 1.46 (2.31) (Table 

5.19).  Table 5.20 shows the different scores by Area x Depth for each individual incisor 

examined.   
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Table 5.18: Number (N) and proportion (%) of subjects with dental erosion by Area x Depth 
scores categorised by the upper central and lateral incisors affected. 

Number of subjects 
Labial erosion Palatal erosion 

 
Groups of teeth 

N % N % 
Central incisors 

UR1 
UL1 

Lateral incisors 
UR2 
UL2 

 
191 
191 

 
187 
187 

 
24.2 
24.2 

 
23.6 
23.6 

 
193 
193 

 
194 
195 

 
24.4 
24.4 

 
24.6 
24.6 

Table 5.19: Mean, standard deviation (SD), median and range of the total scores of dental 
erosion for all incisor surfaces per mouth by Area x Depth  

8 surfaces (4 labial + 4 palatal) Mean SD Median Range

Total score for all incisor surfaces by Area x Depth 
 
Mean score for incisor by Area x Depth 
(Total score /number of incisors) 

5.84 
 

1.46 

9.25 
 

2.31 

0.0 
 

0.0 

0-36 
 

0-9 

  Missing 1subject (assessment could not be made) (n= 790)   

Table 5.20: Severity of dental erosion on labial, palatal and both surfaces of upper central and 
lateral incisors based on Area x Depth (n = 791).

 
Incisor 

No 
erosion 

 
N (%) 

Area x 
Depth 
score 1 
N (%) 

Area x 
Depth 
score 2 
N (%) 

Area x 
Depth 
score 3 
N (%) 

Area x 
Depth 
score 4 
N (%) 

Area x 
Depth 
score 6 
N (%) 

Area x 
Depth 
score 9 
N (%) 

No. of 
surfaces not 

assessed 
N (%) 

Labial- 
surface 
UR1 
UL1 
UR2 
UL2 

 
 

590 (74.6) 
591 (74.7) 
594 (75.1) 
596 (75.3) 

 
 

0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
 

2 (0.3) 
2 (0.3) 
1 (0.1) 
1 (0.1) 

 
 

187 (23.6) 
187 (23.6) 
186 (23.5) 
186 (23.5) 

 
 

0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
 

2 (0.3) 
2 (0.3) 
0 (0.0) 
0 (0.0) 

 
 

0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
 

10 (1.3) 
  9 (1.1) 
10 (1.3) 
  8 (1.0) 

Palatal- 
surface 
UR1 
UL1 
UR2 
UL2 

 
 

589 (74.5) 
590 (74.6) 
588 (74.3) 
589 (74.5) 

 
 

0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
 

0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
 

192 (24.3) 
192 (24.3) 
192 (24.3) 
194 (24.5) 

 
 

0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
 

1 (0.1) 
1 (0.1) 
2 (0.3) 
1 (0.1) 

 
 

0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
 

9 (1.1) 
8 (1.0) 
9 (1.1) 
7 (0.9) 

Both  
surfaces1

UR1 
UL1 
UR2 
UL2 

 
 

536 (67.8) 
537 (67.9) 
539 (68.1) 
541 (68.4) 

 
 

0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
 

2 (0.3) 
2 (0.3) 
1 (0.1) 
1 (0.1) 

 
 

241 (30.5) 
241 (30.5) 
240 (30.3) 
241 (30.5) 

 
 

0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
 

3 (0.4) 
3 (0.4) 
2 (0.3) 
1 (0.1) 

 
 

0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

 
 

9 (1.1) 
8 (1.0) 
9 (1.1) 
7 (0.9) 

  1Bassed on worst surface score (labial or palatal) 

5.6.11.2 First permanent molars 

Of the sample, maxillary first permanent molars had the highest frequency of dental erosion 

affecting the occlusal surface scoring >0 for Area x Depth (Table 5.21).  The mean total score 
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for erosion of occlusal surfaces of four molars per mouth by Area x Depth was 1.81.  The 

mean tooth score per mouth was 0.45.  The median score was equal to zero (Table 5.22).  

Table 5.23 shows the mean total score and means tooth score per mouth by Area x Depth of 

upper, lower, right and left molars.  The median was equal to zero.  Table 5.24 shows the 

different scores of the index, Area x Depth for each individual molar examined.   

Table 5.21: Number and proportion (%) of subjects with dental erosion by Area x Depth 
categorised by the occlusal surfaces of first permanent molars affected. 

Number of subjects with occlusal erosion  
Tooth N % 
Upper right first permanent molar 

Lower right first permanent molar 

Upper left first permanent molar 

Lower left first permanent molar 

154 

140 

158 

145 

19.5 

17.7 

19.9 

18.4 

Table 5.22: Mean, standard deviation (SD), median and range of the Area x Depth scores of 
dental erosion for occlusal surfaces per mouth for all four molars (n = 784). 

4 occlusal surfaces of molars per mouth Mean SD Median Range 
Total Area x Depth score for all 4 molars  
 
Mean molar Area x Depth score  
(total score/number of molars assessed) 

1.81 
 

0.45 
 

3.73 
 

0.93 

0.0 
 

0.0 

0-24 
 

0-6 

   Missing 7 subjects (assessment could not be made)    

Table 5.23: Mean, (SD), median and range of the total score and means tooth score per mouth 
by Depth x Area for upper, lower, right and left molars where both teeth could be assessed. 

 Mean SD Median Range 
Total score for upper molars (n =7811) 
 
Mean score for upper molars (total score/2) 
 
Total score for lower molars (n =7671) 
 
Mean score for lower molars (total score/2) 
 
Total score for right molars (n =7811) 
 
Mean score for right molars (total score/2) 

 
Total score for left molars (n =7821) 
 
Mean score for left molars (total score/2) 

0.91 
 

0.46 
 

0.92 
 

0.46 
 

0.90 
 

0.45 
 

0.92 
 

0.46 

1.94 
 

0.97 
 

2.06 
 

1.03 
 

1.87 
 

0.93 
 

1.89 
 

0.94 

0.0 
 

0.0 
 

0.0 
 

0.0 
 

0.0 
 

0.0 
 

0.0 
 

0.0 

0-12 
 

  0-6 
 

0-12 
 

  0-6 
 

0-12 
 

  0-6 
 

0-12 
 

  0-6 
   1Missing subjects (assessment could not be made)   
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Table 5.24: Severity of dental erosion on occlusal surfaces of upper and lower first permanent 
molars using the index, Depth x Area. 

 
Molar 

 

No  
erosion 

 
N (%) 

Area x 
Depth 
score 1 
N (%) 

Area x 
Depth 
score 2 
N (%) 

Area x 
Depth 
score 3 
N (%) 

Area x 
Depth 

Score 4 
N (%) 

Area x 
Depth 

Score 6 
N (%) 

Area x 
Depth 
score 9 
No (%) 

Surface 
not 

assessed 
N (%) 

UR6 
UL6 
LR6 
LL6 

615 (77.7) 
612 (77.4) 
602 (76.1) 
599 (75.7) 

9 (1.1) 
11 (1.4) 

8 (1.0) 
8 (1.0) 

114 (14.4) 
120 (15.2) 

93 (11.8) 
95 (12.0) 

7 (0.9) 
5 (0.6) 
9 (1.1) 
7 (0.9) 

23 (2.9) 
21 (2.7) 
29 (3.7) 
33 (4.2) 

1 (0.1) 
1 (0.1) 
1 (0.1) 
2 (0.3) 

0 (0.0) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

22 (2.8) 
21 (2.7) 
49 (6.2) 
47 (5.9) 

5.7 Discussion 

5.7.1 The study sample 

The study sample was 791 12 year-old schoolchildren.  The number of participating schools 

in the study was 36 public elementary schools present in 15 Districts of Benghazi, the second 

largest city in Libya after the capital, Tripoli.  More than 88% of the whole Libyan population 

live in cities (GAI, 2006).  The sample was sufficiently large enough (791), to be reasonably 

representative of Benghazi and other urban regions of Libya.  However, it is important to take 

into account that the present sample did not aim to be representative of the national population 

as a whole.   

5.7.2 The aims of the study 

Despite the growing concern about dental erosion in children in developed countries, there are 

no published data related to the prevalence and severity of dental erosion in children or adults 

in any region in Libya.  For these reasons, this study aimed to determine the prevalence and 

severity of dental erosion in children and investigate the gender differences in relation to 

dental erosion.  Based on the findings in relate to dental erosion this study also aimed to 

provide the Libyan government with information for future planning and monitoring of dental 

services in Benghazi and Libya as a whole.   
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5.7.3 Limitations of the study  

Although the field work in Benghazi was received with encouragement and support from the 

authorities, schools and parents, there were some difficulties and limitations.  At the time of 

the fieldtrip, the number of Districts in Benghazi was 15.  Organisation of the Districts has 

often changed in terms of extension or shrinkage, names and numbers, resulting in non-fixed 

data.  In addition, there was a lack of updated demographic information relating to the 

population of each district and exact student numbers in each school.  The dental 

examinations took place in schools which lead to particular challenges such as interruption of 

dental examinations due to school activities or only small space available within the school 

for dental examination or rooms with poor lighting conditions which made the use of the 

headlamp essential.  However, co-operation of the School teachers, the staff and subjects 

helped to finish the dental examination smoothly.  The presence of a trained assistant helped 

in scribing the data and preparing for each dental examination.   

5.7.4 Dental examination 

The erosion index and criteria used in the present study had been validated in National 

Surveys in the UK (Walker et al., 2000; Chadwick and Pendry, 2004).  This index was 

selected because it is simple, easy to use and can evaluate severity and affected tooth surface 

area.  It had been specially designed to assess erosive tooth surface loss in the children and 

has been used in large epidemiological studies.  Since the 1993 UK Survey of Children Dental 

Health (O'Brien, 1994), the criteria for use of the index remained the same, apart from the 

inclusion of first permanent molars in 2003.  Tooth surface loss (TSL) has multifactoral 

aetiology, but dental erosion is the major contributor in children (Chadwick et al., 2006).  In 

the present study, the criteria used in the dental examination were also used previously in the 

oral health component of the UK National Diet and Nutrition Survey (NDNS) (Walker et al., 

2000), and several studies (Al-Majed et al., 2002; Dugmore and Rock, 2004a; Auad et al., 
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2007) so that comparisons could be made between the data from Libya and the United 

Kingdom and other countries (see section 5.5.1.1).  All subjects were examined clinically by 

the one examiner (RH) who had previously undergone one-to-one training session with 

Professor J Nunn, who has previous experience in calibration examiners in the use of the 

erosion index in the UK.   

Overall, 75 subjects (10%) were re-examined for dental erosion to provide data for intra-

examiner reproducibility.  A good level of intra-examiner agreement was achieved using the 

Cohen’s Kappa statistic (WHO, 1997), for dental erosion into enamel only (score 1 for depth). 

This has been shown to be the most difficult erosion score to diagnose (O'Brien, 1994; 

Chadwick and Pendry, 2004), and it was re-assuring to find that the reproducibility was 

similar to that found in previous studies assessing dental erosion (Al-Majed et al., 2002; Al-

Malik et al., 2002; Dugmore and Rock, 2004a; Peres et al., 2005a; Auad et al., 2007; Peres et 

al., 2008).  Although there was a single examiner in this study, it is necessary to consider that 

assessment of the early stages of erosion may be challenging and subject to variability (Nunn 

et al., 2003; Larsen et al., 2005).  It is difficult to detect dental erosion at an early stage but, 

the most important feature for dental professionals to diagnose dental erosion is change in the 

clinical appearance of the tooth surfaces especially in early stage of erosive tooth wear (Lussi 

et al., 2007).  In the UK Children's Dental Health Survey report, dentists found it difficult to 

agree on the diagnosis of the presence of erosion in enamel only (Chadwick and Pendry, 

2004), and these results were presented with caution because of low agreement between 

dentists in the diagnosis of erosion into enamel (Chadwick and Pendry, 2004).  It was decided 

that the UK’s 1993 survey approach of highlighting the clinical importance of erosion into 

dentine and into dentine and pulp should be followed (O'Brien, 1994).  Tooth wear into 

dentine and pulp are much easier to identify and it is possible to obtain good agreement 

between examiners for this level of tooth involvement (Chadwick and Pendry, 2004).  But this 
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is not particularly useful as early detection of erosive process is important to stop and prevent 

irreversible tooth surface loss before clinical restorative intervention is required.   

Although the researcher had received full training in intra-oral photography for the purposes 

of the study, because of poor lighting in the schools and insufficient practice in taking 

photographs by the researcher, only 31 x 3 (5%) of intra-oral photographs (labial, palatal and 

vertical view along the long axis of the anterior teeth) were clear and assessed for inter-

examiner reliability by the researcher and Dr Paula Waterhouse.  The inter-examiner 

reliability for intra-oral photography for assessing dental erosion by code 1 for depth on labial 

and palatal surfaces of anterior teeth measured by the Cohen’s Kappa statistic was 65% and 

77% respectively, indicating a substantial level of agreement (WHO, 1997).  The levels of 

intra- and inter-examiner agreement achieved suggest that it might be easier to diagnose 

erosion into enamel (Yes/No) on palatal surfaces than labial surfaces.   

Since there was an incomplete data set between photo images and actual clinical examination, 

with no standardized data set, similar number of images, similar views, or similar lighting 

conditions, intra examiner reliability between clinical examination and photographs could not 

be assessed.  In future, it may be better to use a photographer with more expertise, or a 

variable focus camera or the researcher should undertake more practice in taking photo 

images.   

In the present study, 12 year-olds were examined.  At this age the first permanent molars 

would have been present in the mouth for approximately six years.  The upper four permanent 

incisors would have been present in the mouth for approximately four or five years.  

Consequently, these teeth would have been exposed in the mouth to potential risk factors 

associated with dental erosion for a considerable length of time.  This was useful for 

comparison purposes since several published studies have focused on similar age groups 

ranging from 12-14 years (Bartlett et al., 1998; Kunzel et al., 2000; Al-Dlaigan et al., 2001a; 
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Al-Majed et al., 2002; Auad et al., 2007).  The results of these comparisons are discussed in 

Section 5.6.5.    

However, with other studies, use of different indices, criteria, age groups, number of the 

sample, gender and groups of teeth and tooth surfaces examined made comparisons more 

difficult.  Some studies have assessed the prevalence of dental erosion (Millward et al., 

1994b; Al-Dlaigan et al., 2001a), and others have assessed the prevalence of tooth wear 

(Milosevic et al., 1994).  A unified approach to assess the prevalence and severity of erosion 

is needed.  Recently there are moves to do this, a new scoring system, the Basic Erosive Wear 

Examination (BEWE), was introduced to provide a basic structure to initiate the development 

of an internationally standardised accepted index (Bartlett et al., 2008) and a modified wear 

index according to basic principle of Smith and Knight Index was developed (Fares et al., 

2009).   

5.7.5 Mouth prevalence of dental erosion 

The results of the present study showed that the mouth prevalence of dental erosion was 

40.8%.  This figure was lower than  the value found in the UK NDNS for 11-14 year-olds, in 

which 52% of the children examined were affected (Walker et al., 2000).  On the other hand, 

the prevalence in this study was higher than the 27% for 12 year-olds and 32% for 14 year-

olds, respectively (O'Brien, 1994) found in the 1993 UK Child Dental Health Survey and 

prevalence of 33% for 12 year-olds (Chadwick and Pendry, 2004) found in the 2003 UK CDH 

Survey.  When comparing the present findings with other studies which have used the same 

index and criteria, the prevalence of erosion in this study was found to be higher than the 

prevalence of erosion found in 458 13-14 year-old Brazilian children (34%) (Auad et al., 

2007).  Conversely, the prevalence found in this study was lower than the 60% found amongst 

1753 12 year-olds in Leicestershire and Rutland (Dugmore and Rock, 2004a).  It was also 

much less than the prevalence of 95% recorded in 862 12-14 year-old Saudi Arabian boys 
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(Al-Majed et al., 2002).  Both these figures were higher than the findings of the present study; 

the reason might be due to the high consumption of acidic drinks by Saudi Arabian subjects 

which was reported by Saudi Arabian studies (Johansson et al., 1996; Al-Majed et al., 2002), 

and 27% of 862 12-14 year-old Saudi Arabia boys consumed acidic drinks at night reported 

by Al-Majed et al. (2002).  The UK National Diet and Nutrition Survey amongst 11-14 year-

olds reported a mean daily intake of 240 grams of carbonated drinks (Walker et al., 2000).  In 

contrast with other studies which used different methodology and indices, the prevalence of 

dental erosion in the present study was lower than the prevalence of 57% found for 210 11-14 

year-olds in London using the Smith and Knight tooth wear index (Bartlett et al., 1998) and 

lower than the 66.9% found among 157 12-14 year-old Sudanese children also using Smith 

and Knight tooth wear index (EI Karim et al., 2007), but it was higher than the one reported 

in a study in San Antonio, US in 307 12-17 year-olds, in which 5.5% of the children affected 

by dental erosion (Mungia et al., 2009), an Australian study in 714 5-14 year-olds using a 

modified erosion index, in which 25% of the subjects with permanent teeth were found to 

have erosion (Kazoullis et al., 2007), the 26% of 389 12 year-old Brazilian children using 

O’Sullivan index (Correr et al., 2009), the 37% of 125 11-13 year-old children in the UK and 

41% of 129 11-13 year-old children in US (Deery et al., 2000), the 37% amongst 13 year-old 

children in United States using the modified Smith and Knight Tooth Index (McGuire et al., 

2009) and higher than the 38.1% amongst 483 12 year-old children in Iran using O’Sullivan 

index (Talebi et al., 2009).   

In the present study, dental erosion into enamel only was the most common finding and the 

majority of children had only erosion in enamel.  This is in agreement with other studies 

(Bartlett et al., 1998; Deery et al., 2000; Walker et al., 2000; Al-Majed et al., 2002; Dugmore 

and Rock, 2003b; Chadwick and Pendry, 2004; Dugmore and Rock, 2004a; Caglar et al., 

2005; Larsen et al., 2005; Peres et al., 2005a; Auad et al., 2007; Correr et al., 2009; Mungia 

et al., 2009).  Dental erosion in enamel is difficult to measure (Nunn et al., 2003; Chadwick 
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and Pendry, 2004).  Comparing the proportion of erosion into enamel only (32.5%) found in 

this study to others, it was less than the 48% in 418 14 year-old children in Birmingham using 

Smith and Knight tooth wear index (Al-Dlaigan et al., 2001a), and less than the 57% found 

for 12 year-old Leicestershire children (Dugmore and Rock, 2004a).   

In this study, dental erosion into dentine was relatively uncommon, affecting 63 subjects 

(8%); higher than the 1% found in 12 year-olds (O'Brien, 1994), 2.7% of 1753 12 year-olds in 

Leicestershire and Rutland (Dugmore and Rock, 2004a), 3% in 11-14 year-olds (Walker et 

al., 2000) and 4.9% in 12 year-old children in Leicestershire (Dugmore and Rock, 2003b).  

Moreover, no exposed dentine was found in the 57% of 210 11-14 year-olds found with tooth 

erosion in London (Bartlett et al., 1998).  In contrast, other studies have shown a significant 

percentage (26%) of  862 12-14 year-old Saudi Arabian boys exhibiting erosion into dentine 

or into pulp (Al-Majed et al., 2002), while 30% of 1035 14 year-olds in Liverpool (Milosevic 

et al., 1994), 51% of 418 14 year-old children in Birmingham, UK (Al-Dlaigan et al., 2001a), 

and 53% of 2351 14 year-olds in North West England (Bardsley et al., 2004) showed erosion 

into dentine.  It is possible that different exposures to risk factors might have influenced the 

differences in the severity of dental erosion observed in those studies.  Although it is difficult 

to make comparisons between the findings of various studies due to different methodologies, 

it may be safer to compare the proportion of subjects with more easily diagnosed dentine 

exposure (Chadwick and Pendry, 2004).   

In the present study, the palatal surfaces were affected slightly more often than labial surfaces.  

This confirms the findings of National Surveys in the UK which reported that the palatal 

surfaces of incisors were more commonly affected by erosion than the labial surfaces 

(O'Brien, 1994; Walker et al., 2000; Chadwick and Pendry, 2004) and it was also in 

agreement with previous epidemiological studies from different countries (Al-Majed et al., 

2002; Dugmore and Rock, 2004a; Larsen et al., 2005; Auad et al., 2007; Patchett, 2009).  

However, it has been suggested that the abrasive effect of the tongue on softened, 
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demineralised enamel contributes to a greater loss of tooth surface palatally (Gregg et al., 

2004).  Alternatively it could be ascribed to a cofounding abrasion factor as a result of the oral 

hygiene practices of the children of this age.   

Mouth prevalence of erosion for the upper permanent incisors in the present study was 25% 

(25% of subjects had evidence of erosion on labial surfaces, 25.5% on palatal surfaces).  This 

figure was much less than that found in Saudi Arabian study (72%) using the same diagnostic 

criteria (Al-Majed et al., 2002).  It was also lower than 30% and 33% found in 12 and 15 

year-olds, respectively, in the 2003 CDH Survey who had tooth surface loss affecting the 

palatal surfaces of the upper incisors (Chadwick and Pendry, 2004).  On the other hand, it is 

in agreement with a previous study which found that dental erosion occurred in 25% of 11-15 

year-old children on the palatal surfaces of upper incisors (O'Brien, 1994), but it was higher 

than the figure 12% reported in the labial surfaces.  Moreover, the present results were higher 

than 12% and 16.9% reported for the prevalence of erosion on palatal and labial surfaces of 

incisors in 525 14 year-old schoolchildren in London (Williams et al., 1999).   

When comparing the present study with other studies which used different indices, it was 

found that the prevalence of erosion in the present study was much less than in a study which 

used the Smith and Knight Tooth Wear Index, in which 66.9% of 157 12-14 year-old 

Sudanese children had erosion on the labial and palatal incisors (EI Karim et al., 2007), but it 

was higher than the prevalence of erosion (13%) present in the four maxillary incisors of 499 

12 year-old Brazilian school children examined (Peres et al., 2005a).   

Only two subjects (0.3%) had erosion into dentine for upper permanent incisors in this study.  

This proportion was far lower than the findings of a Saudi Arabian study of 12% for 862 12-

14 year-olds and 21.7% for 157 12-14 year-old Sudanese schoolchildren (Al-Majed et al., 

2002; EI Karim et al., 2007) respectively, also lower than 3% of 12 year-olds  (Chadwick and 

Pendry, 2004) and lower than the finding of the UK 1993 survey of 2% for children over 13 

years-old, using the same diagnostic criteria (O'Brien, 1994). The differences between these 
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studies and the present study might be due to the cultural differences with respect to dietary 

habits, such as frequency of acidic drinks intakes and the duration of drinks lasting in the 

mouth, or may be also due to differing oral hygiene practices and the differences in subjects’ 

age.   

Erosion into pulp was uncommon.  Two maxillary incisors only were pulpally involved by 

erosion in the present study.  Similar findings were reported in 12-14 year-old Saudi Arabian 

boys (Al-Majed et al., 2002). 

A symmetrical distribution of dental erosion across the midline was observed in the present 

study, confirming the findings of other studies (Al-Majed et al., 2002; Dugmore and Rock, 

2004a; Auad et al., 2007; Patchett, 2009).  The two central incisors were affected by erosion 

to a similar extent, for both labial and palatal surfaces, as were the two lateral incisors.  The 

two central incisors were more affected than the lateral incisors on the labial surfaces but 

there was a similar effect for the palatal surfaces.  The reason might be due to the flow of 

liquids over the area of the central incisors, or might be as the central incisors erupt in the 

mouth before the lateral incisors, they have probably been exposed to potential risk factors for 

a longer period of time, when compared with the lateral incisors.   

The prevalence of dental erosion for the occlusal surfaces of first permanent molars in the 

children studied was 22.8%.  Prevalence of dental erosion or tooth wear for molars has been 

reported with figures ranging between 5% and 90% (Millward et al., 1994b; Bartlett et al., 

1998; Walker et al., 2000; Al-Majed et al., 2002; Chadwick and Pendry, 2004; Auad et al., 

2007).  However, the prevalence of erosion in the present study was slightly higher than those 

reported in 12 year-olds in the UK with tooth wear on the occlusal surface of molars (19%) 

(Chadwick and Pendry, 2004) and higher than the findings in 13-14 year-old Brazilian 

children (5%) (Auad et al., 2007).  On the other hand, the prevalence found in this study was 

much less than the 91% found in 862 12-14 Saudi Arabian boys (Al-Majed et al., 2002).   
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There was no erosion into pulp on occlusal surfaces of molars in the present study.  It is in 

agreement with Saudi Arabian study (Al-Majed et al., 2002), and the findings of the National 

Surveys in the UK (Walker et al., 2000; Chadwick and Pendry, 2004), which fond only 2% of 

12 year-olds with erosion into dentine (Chadwick and Pendry, 2004).   

5.7.6 Tooth prevalence of dental erosion  

In the present study, a total of 9492 dental surfaces were evaluated.  Among these surfaces, 

75.4% were free of dental erosion and 22.4% had erosion, the remaining 2.2% of surfaces 

could not be assessed.  This is similar to the findings in 295 12 year-old Brazilian 

schoolchildren, in whom 73.1% of the total surfaces examined were free of erosion and 26.9% 

with erosion (Peres et al., 2008).  However, comparing the present study with the results of 

the Brazilian study requires caution due to the use of different methodologies; the Brazilian 

study examined the whole dentition and used a modified version of the tooth wear index 

(TWI).   

Interestingly, in the present study, upper and lower molars appeared to be similarly affected 

by erosion, while in a study by Chadwick and Pendry (2004) found that lower molars were 

more affected.  In addition, a study which assessed dental erosion using pre-orthodontic study 

models, found that lower molars were more affected by erosion (Ganss et al., 2001a; Patchett, 

2009).   

The difference observed between the prevalence of dental erosion in this study and in other 

studies might be due to the different criteria and indices used in the various studies to measure 

dental erosion. In addition, different teeth were included in the studies and subjects were 

examined at different ages, ranging from 12 to 14 years which may have influenced the 

prevalence of erosion found.  Differences in time of exposure to risk factors, such as 

consumption of acidic drinks as snacks or at meal times or at bedtime, frequency of 

consumption of acidic drinks and foods and duration of drinks retained in the mouth may 
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have exposed children to different degrees of risk.  Comparing prevalence of dental erosion of 

subjects at different ages is unsafe because of the interference of a generalized progression of 

tooth wear with age (Dugmore and Rock, 2003b).   

5.7.7 Dental erosion and gender 

A higher experience of erosion was observed amongst girls (46.7%) than boys (35%) in the 

present study.  This difference was statistically significant (p= 0.001).  Similar results, with 

girls more affected by erosion than boys, were reported in a Cuban study on 12 year-olds 

(Kunzel et al., 2000).  In contrast, several studies have reported that boys had more 

experience of dental erosion than girls (Milosevic et al., 1994; Walker et al., 2000; Al-

Dlaigan et al., 2001a; Dugmore and Rock, 2003b; Larsen et al., 2005; Auad et al., 2007), and 

other studies have reported no significant gender differences (Bartlett et al., 1998; Deery et 

al., 2000; Walker et al., 2000; Caglar et al., 2005; Peres et al., 2005a; Peres et al., 2008).   

In the present study, 6.3% of boys had exposed dentine compared with 9.6% of girls.  These 

proportions were less than that reported in a Liverpool study with 35% boys and 24% of girls 

having exposed dentine (Milosevic et al., 1994). In addition, 56% of boys and 49% of girls 

showed exposed dentine in a study of 14 year year-old children in Birmingham (Al-Dlaigan et 

al., 2001a).  The significant differences in the prevalence of dental erosion between boys and 

girls in the present study may perhaps be explained by a difference of exposure to risk factors 

in this population and will be discussed further in Chapters 7 and 8.   

5.7.8 Derived score for erosion (Area x Depth) 

A derived score was used in the present study to measure the severity of dental erosion by 

Area x Depth.  This score provided a greater range of values and was used as a proxy for the 

volume loss due to erosion on each tooth surface.  Since the result showed that no individuals 

had a score 0 for depth and >0 for area or vice versa the new derived score was calculated by 
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multiplying Area and Depth scores.  This scoring gave rise to derived scores of 1, 2, 3, 4, 6 

and 9, for each tooth surface.  Area x Depth provided a wider range of scores which may help 

to predict need for dental treatment.  Score 1 is mild and scores 2 and 3 are more worrying.  

Dentine exposure score diagnosed by the derived score Area x Depth by ≥2 for Depth and ≥1 

for Area which is ≥2 overall, and this score needs dental treatment.  Similar results were 

found when dental erosion by Area x Depth score was compared with separate Depth and 

Area scores.  This derived score needs to be validated.   

5.8 Conclusions 

5.8.1 The main aim of this study was; to determine the prevalence and severity of dental 

erosion amongst 12 year-old children in Benghazi, Libya was achieved.   

 Of the total sample (791 subjects); 323 subjects (40.8%) had experience of dental 

erosion for depth and for area, while 468 subjects (59.2%) were free of dental erosion.  

  Erosion into enamel only was the most common finding, affecting 258 subjects 

(32.5%), erosion into dentine was relatively uncommon, affecting 63 subjects (8%) 

and erosion into pulp was rare, affecting 2 subjects (0.3%).   

5.8.2 With respect to dental erosion and gender: 

 The prevalence of erosion was greater in girls (49.7) than boys (35%); this difference 

was statistically significant (p= 0.001).   

 Of the 139 boys with evidence of dental erosion, from these boys, 25 boys (6.3%) of 

total sample had exposed dentine and no one with erosion into pulp.   

 Of the 184 girls with evidence of dental erosion, 38 girls (9.6%) of the total sample 

had exposed dentine and two girls had erosion into pulp.   

 

 105



5.8.3 The null hypothesis of this study was accepted:  

 The prevalence and severity of dental erosion in 12 year-old children in Benghazi, 

Libya was in agreement with data reported for the prevalence and severity of dental 

erosion in European children.   

In the present study, the significant proportion of children in Benghazi, Libya affected by 

dental erosion emphasizes the importance of preventive measures needed to control the 

erosive process, before the need for invasive treatment to restore eroded teeth.   
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Chapter 6 

The prevalence of dental caries  

6.1 Introduction 

Dental caries is the most common oral disease in children and adults in developed and 

developing countries and is the main cause of loss of teeth in younger people.  Despite the 

fact that dental caries is preventable, it continues to be a major public health concern.  

Although the prevalence of dental caries has declined in developed countries during the last 

30 years, it remains a significant dental disease and a major public health challenge in 

children and adults (Petersson and Bratthall, 1996; Petersen, 2005).  Significant proportions 

of children and adults are still affected by caries in developing countries and it is also still 

increasing in many of these countries where fluoride is not available and the population has 

increasing opportunities to consume free sugars (Moynihan and Petersen, 2004).  Changing 

life-styles and dietary patterns have led to a marked increase in caries incidence in developing 

countries (Al-Khateeb et al., 1991; Taani, 1997; Al-Dosari et al., 2004; Al-Ismaily et al., 

2004; Behbehani and Scheutz, 2004; Beiruti and Van Palenstein Helderman, 2004; Taani, 

2004; Sudha et al., 2005).  Countries with mean scores above a DMFT of 3, have failed to 

meet the World Health Organisation (WHO) global goal for the year 2000 for children aged 

12 years (WHO/FDI, 1982).  The WHO global goal for the year 2020 is for a mean DMFT of 

not more than 1.5 for the same age group (Peterson, 2003).   

Despite the fact that caries is the commonest dental disease in children, little attention has 

been given to studies measuring the prevalence of caries amongst Libyan schoolchildren.  The 

importance of monitoring the prevalence of dental caries is in planning services and 

determining whether progress has been made towards controlling the distribution of this 

dental disease.  In Libya, data from a cross-sectional observational study of dental caries in 
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762 6-12 year-old schoolchildren in Benghazi in 1993/94 showed that the DMFT was 1.63, 

and the prevalence of dental caries was 50% (Al-Sharbati et al., 2000).  Similarly, a 2002 

study investigating the prevalence of caries in 685 preschoolers in Benghazi showed that 58% 

of children had carious primary teeth (mean dmft 2.58) (Ingafou et al., 2003).   

Dental caries is a multi-factorial disease.  Frequency of consumption of a sugary diet is the 

most important aetiological factor in the development of dental caries.  Conclusive evidence 

supports the association between sugars intake and dental caries (Rugg-Gunn and Hackett, 

1993; Sheiham, 2001; Moynihan, 2002; WHO, 2003; Moynihan and Petersen, 2004; Yabao et 

al., 2005).  In addition, dental caries is often related to individuals with low standards of oral 

hygiene (Sheiham, 2001) and several factors such as salivary flow rate and buffering capacity 

might also affect the development of dental caries.  Control of sugar intake is the most 

effective factor to control caries while a second important factor is fluoride.  Sources of 

fluoride include water, tea, a range of foods, and toothpaste. Exposure to fluorides in school-

based programmes, lozenges, toothpaste, and education have been shown to be related to the 

caries decline (Birkeland et al., 2000).   

6.2 Aims 

The aims of the study were: 

6.2.1 To determine the prevalence and severity of dental caries amongst 12 year-old 

schoolchildren in Benghazi, Libya.  

6.2.2 To investigate the association between the experience of dental erosion and dental caries 

amongst children in Benghazi, Libya.   
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6.3 Objectives 

 To undertake a dental examination of 12 year-old Libyan schoolchildren in Benghazi 

in order to assess the prevalence and severity of dental caries.   

6.4 Null hypothesis 

 There is no relationship between dental erosion and dental caries in 12 year-old 

children in Benghazi, Libya.   

6.5 Methods 

6.5.1 Ethical approval and permissions from local authorities  

Ethical clearance and permissions from authorities to conduct the study in Benghazi were 

secured.  Written informed consents were received from the parents/guardians and participant 

children (Section 4.6.1).   

6.5.2 The study sample  

This cross-sectional observational study was conducted in Benghazi.  There were 7682 

eligible schoolchildren in the target age group registered at 81 elementary schools in 15 

districts in Benghazi.  The public schools comprised 90% of the total number of schools in 

Benghazi.  A cluster sampling method with schools as cluster was used for sampling, with a 

random selection of boys and girls from each selected elementary school made.  The sampling 

procedure was described in detail in Chapter 4 (Section 4.4).  The final sample was 791 12 

year-old schoolchildren of both genders resident in Benghazi, studying at the sixth grade in 36 

elementary public schools which had pupils of both genders.  The sample size estimate was 

calculated for the main study (Chapter 5), based on the prevalence of dental erosion in 11-14 

year-old British children, estimated as 52% in a study by Walker et al. (2000).  In addition, 
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the prevalence of dental erosion in 13-14 year-old Brazilian children (Auad et al., 2007) 

(34%) was also considered to estimate the power of the study and thus, the sample size 

required.  With a sample of 665 subjects the 95% Confidence Interval +/-4 (standard error 

2.04%) able to detect prevalence of erosion 35%+/-5.  The sample size was valid and 

appropriate for this study.   

6.5.3 Dental examination  

Clinical dental examinations of participant subjects were conducted in the schools with the 

child seated in an ordinary classroom-type chair and using artificial lighting and a headlamp.  

The criteria were visual, limited to dentine caries and no diagnostic aids were employed. The 

examiner was calibrated previously by an experienced examiner, Professor June Nunn, from 

Trinity College, Dublin using the DMFT and DMFS indices and WHO diagnostic criteria 

(WHO, 1997) (Table 4.3).  The procedures used during the dental examination are described 

in Chapter 4 (Section 4.6.5).  Data collection forms for recording dental caries were based on 

the indices recommended by the World Health Organization (WHO, 1997) (Appendix 4.3).  

All maxillary and mandibular teeth were examined for dental caries.  The criteria for the 

assessment of dental caries was based upon those recommended by the World Health 

Organization (WHO, 1997) (Appendix 4.4).  The prevalence of dental caries was assessed in 

accordance with the World Health Organization criteria using the DMFT (decayed, missing 

and filled teeth) and DMFS (decayed, missing and filled surfaces) indices for the permanent 

dentition (WHO, 1997) (Table 4.3).   

6.5.4 Data recording  

The dental examination data collection forms contained a dental charting for all the maxillary 

and mandibular teeth with designated cells for coding the entry of dental caries data, 
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diagnostic criteria codes for dental caries and demographic information such as, name, 

gender, school number, date of birth, and date of examination (Appendix 4.3).   

6.5.5 Reproducibility of the study 

To ensure the reproducibility of the application of diagnostic criteria in each school, two 

subjects were re-examined on the same day after completion of the dental examination of the 

22 children.  Overall, 75 subjects, 10% of the total sample, were re-examined.  The examiner 

was blind to the identity of the subjects re-examined.  The assistant was instructed to 

randomly re-call two pupils during the dental examination session allowing an interval of at 

least two hours between the two examinations.  The results of the dental examination were 

analysed for intra-examiner reproducibility using Cohen’s Kappa (WHO, 1997).   

6.5.6 Data entry 

Dental caries data were entered into MS Excel files.  In sequence, the dental caries indices 

were calculated using a programme developed in the School of Dental Sciences, Newcastle 

University (Nunn et al., 1992).  The results were entered into a second database, developed in 

the Statistical Program for Social Sciences-SPSS 14.0 for Windows statistical programme 

(SPSS 14.0 for Windows).  The data entry was cross-checked by comparing the data entry of 

20 randomly selected subjects with the data collection.  To measure the levels of intra-

examiner agreement in assessing dental caries, a third database was developed using data 

from subjects who had been re-examined to determine the reproducibility of the application of 

diagnostic criteria.  The Cohen’s Kappa statistic (WHO, 1997) was used for measuring the 

level of intra-examiner agreement (Section 4.6.5.2).  Prevalence of dental caries was 

calculated as the number and proportion of subjects with caries experience in the permanent 

dentition.  Severity of dental caries was assessed using DMFT and DMFS indices.  A 

Kolmogorov-Smirnov Z test was used to assess the normality of distribution of the data 
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related to the DMFT and DMFS indices.  Measures of central tendency (mean, median) and 

dispersion (standard deviation and interquartile range) of the DMFT and DMFS indices were 

calculated for all subjects and for subjects with caries experience. The subjects were 

categorised into three groups using the 50th percentile of the distribution of the DMFT 

amongst subjects with caries experience as the cut-off point between subjects with lower and 

higher caries experience.  These categories were: without caries experience (DMFT= 0), with 

lower caries experience (DMFT= 1-3) and with higher caries experience (DMFT≥ 4).  The 

subjects were also categorised into three groups depending on the DMFS index: without 

caries experience (DMFS= 0), with lower caries experience (DMFS= 1-4) and with higher 

caries experience (DMFS≥ 5).  In addition, the subjects were also categorised into six groups 

using the DMFT distribution used by the WHO at 12 years (WHO, 2000): without caries 

experience (DMFT= 0), with very low caries experience (DMFT= 0-1.1), low caries 

experience (DMFT= 1.2-2.6), moderate caries experience (DMFT= 2.7-4.4), high caries 

experience (DMFT= 4.5-6.5) and very high caries experience (≥ 6.6).  Associations between 

the experience and severity of dental caries and the experience of erosion were tested through 

a process of bivariate analysis, using the exact version of the non-parametric tests; Chi-square, 

Fisher’s and Linear Association.  Odds ratio (OR) and 95% Confidence Intervals (CI) were 

calculated for 2 x 2 tables.  Only two-sided statistical tests were used.  The statistical 

significance level was established at 5%.  Differences in the mean DMFT and DMFS scores 

in relation to the experience of dental erosion were also assessed.   
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6.6 Results 

6.6.1 Reproducibility of the study 

The levels of intra-examiner agreement in the assessment of dental caries, as measured by the 

Cohen’s Kappa statistic (WHO, 1997) for the DMFT and DMFS indices were 0.95 and 0.93, 

respectively (Appendix 6.1) indicating an excellent level of agreement (WHO, 1997).    

6.6.2 DMFT and DMFS indices 

For all subjects (n= 791), the means (standard deviations) for the DMFT and DMFS indices 

were 1.68 (SD± 1.86) and 2.39 (SD± 3.05) respectively (Table 6.1).  For subjects with caries 

experience (n= 457), the mean DMFT and DMFS indices were 2.90 (SD± 1.56) and 4.14 

(SD± 2.97) respectively (Table 6.2).  The results, tested for normality by a Kolmogorov-

Smirnov Z test, showed that the data were not normally distributed for both DMFT (p< 0.001) 

and DMFS (p< 0.001) indices therefore non-Parametric tests were used. Suitable measures of 

central tendency and dispersion were calculated using median and interquartile range for all 

subjects (791) and for subjects with caries experience (457) (Table 6.3).   

Table 6.1: Mean, (SD) of the DMFT and DMFS indices for all subjects.

Decayed Missing Filled  
Index 

No. of 
subjects 

Mean SD 
Mean SD Mean SD Mean SD 

DMFT 

DMFS 

791 

791 

1.68 

2.39 

1.86 

3.05 

1.60 

2.12 

1.79 

2.59 

0.05 

0.21 

0.24 

1.18 

0.03 

0.06 

0.28 

0.54 

Table 6.2: Mean, (SD) of the DMFT and DMFS indices for subjects with caries experience.

Decayed Missing Filled  
Index 

No. of 
subjects 

Mean SD 
Mean SD Mean SD Mean SD 

DMFT 

DMFS 

457 

457 

2.90 

4.14 

1.56 

2.97 

2.78 

3.69 

1.52 

2.43 

0.07 

0.35 

0.31 

1.53 

0.05 

0.10 

0.37 

0.71 
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Table 6.3: Median and interquartile range (IQR) for the DMFT and DMFS indices for all 
subjects and for subjects with caries experience.

All subjects (n = 791) Subjects with dental caries experience (n = 457)  
 DMFT DMFS DMFT DMFS 

Median 

IQR 

1.00 

3.00 

1.00 

4.00 

3.00 

2.00 

4.00 

3.00 

6.6.3 Prevalence of dental caries 

Four hundred and fifty seven subjects (57.8 %) had experience of dental caries, 334 (42.2 %) 

were caries free.  The means and standard deviations for the decayed component of DMFT 

and DMFS indices for all subjects were 1.60 (SD± 1.79), 2.12 (SD± 2.59) respectively (Table 

6.1).  The Decay Index for all subjects (DT/DMFT x 100%) was 95.2% (Table 6.4).   

The means and standard deviation for the decayed component of DMFT and DMFS indices 

for the 457 subjects with caries experience were 2.78 (SD± 1.52) and 3.69 (SD± 2.43) 

respectively (Table 6.2).  The D (decayed) component comprised the greatest proportion of 

the caries experience seen.  The Decay Index for subjects with caries experience was 95.9% 

(Table 6.4).   

Table 6.4: Mean DMFT for all subjects and with subjects with caries experiences and their 
Decay, Missing and Care Indices.

Index Mean SD Decay 
index % 

Missing 
index % 

Care 
index % 

DMFT for all subjects 

DMFT for subjects with caries experience 
1.68 

2.90 

1.86 

1.56 

95.2 

95.9 

3.0 

2.4 

1.8 

1.7 

6.6.4 Prevalence of missing teeth 

The means and standard deviation for the missing component (missing teeth due to dental 

caries) of DMFT and DMFS indices for all subjects were 0.05 (SD± 0.24) and 0.21 (1.18) 

respectively (Table 6.1). The Missing Index for all subjects (MT/DMFT x 100%) was 3.0% 

(Table 6.4).   

 114



The means and standard deviation for the missing component of DMFT and DMFS indices 

for subjects with caries experience were 0.07 (0.31) and 0.35 (1.53), respectively (Table 6.2). 

The Missing Index for subjects with caries experience was 2.4% (Table 6.4).   

6.6.5 Prevalence of filled teeth 

The means and standard deviation for the filled teeth in the DMFT and DMFS indices for all 

subjects were 0.03 (SD± 0.28), and 0.06 (SD± 0.54) respectively (Table 6.1).  The Care Index 

for all subjects (FT/DMFT x 100%) was 1.8% (Table 6.4).   

The F (filled) component comprised the lowest of all components of the indices.  The means 

and standard deviation for filled teeth in the DMFT and DMFS indices for the subjects with 

caries experience were 0.05 (SD± 0.37), and 0.10 (SD± 0.71) respectively (Table 6.2).  The 

Care Index for subjects with caries experience was 1.7% (Table 6.4).    

6.6.6 Gender and caries prevalence and severity  

Dental caries was more prevalent amongst girls than boys; the difference was statistically 

significant (Fisher’s exact test; p= 0.002) (Table 6.5).  The means and standard deviation for 

the DMFT and DMFS indices were higher in girls than boys (Table 6.6).  For the girls, the 

mean DMFT and DMFS indices were 1.88 (SD± 1.94) and 2.71 (SD± 3.28) respectively.  For 

the boys, the mean DMFT and DMFS indices were 1.48 (SD± 1.76) and 2.08 (SD± 2.77) 

respectively.  Difference between both DMFT and DMFS indices were statistically significant 

in relation to gender (Table 6.6).  When the association between the severity of dental caries 

and gender was tested according to the grouping system for the DMFT index (Section 6.4.6) 

similar results were observed.  The proportions of subjects with lower caries experience 

(DMFT between 1 and 3 and DMFS between 1 and 4) and higher caries experiences (DMFT≥ 

4 and DMFS≥ 5) were greater amongst girls than boys; the difference was statistically 
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significant (Table 6.7 and Table 6.8).  This is similar to the results found when the DMFT by 

gender was compared within that the categories used by WHO (WHO, 2000).   

The proportion of subjects with very low, moderate (DMFT= 2.7-4.4), high caries (DMFT= 

4.5-6.5) experience was greater amongst girls than boys (Table 6.9), while the proportion of 

subjects without, with low and very high caries experience was higher in boys.  This 

association was statistically significant (p= 0.002).   

Table 6.5: Significance of association (P, Odds Ratio and 95% CI) between the number (N) and 
proportion (%) of subjects with or without dental caries experience and gender.

Experience of dental caries 
Gender Girls Boys Both 

 Yes No Total Yes No Total Yes No Total 
No. of subjects 

 
% 

250 
 

63.5 

144 
 

36.5 

394 
 

100.0 

207 
 

52.1 

190 
 

47.9 

397 
 

100.0 

457 
 

57.8 

334 
 

42.2 

791 
 

100.0 
    Fisher’s exact test; p= 0.002   OR= 1.594 (95% CI 1.199, 2.118)     

Table 6.6: Significance of differences (P) between the DMFT and DMFS indices when 
categorised by gender. 

Index Gender No. of subjects Mean SD Median IQR P ٭

DMFT 
DMFT 

 
DMFS 
DMFS 

Girls 
Boys 

 
Girls 
Boys 

394 
397 

 
394 
397 

1.88 
1.48 

 
2.71 
2.08 

1.94 
1.76 

 
3.28 
2.77 

1.00 
1.00 

 
2.00 
1.00 

3.00 
3.00 

 
4.00 
4.00 

0.002* 
 
 

0.002* 

    *Mann-Whitney U test, statistically significant at p< 0.01   

Table 6.7: Significance of association (P) between the number (N) and proportion (%) of 
subjects without, with lower and with higher caries experience (DMFT) and gender based on 
50th percentile of distribution of DMFT amongst subjects with caries experience. 

Severity of caries DMFT 
Without caries 

DMFT= 0 
Lower caries 
DMFT= 1-3 

Higher caries 
DMFT≥4 

 
All 

 
Gender 

N % N % N % N % 

P (Linear 
Association 
exact test) 

Girls 
 

Boys 

144 
 

190 

36.5 
 

47.9 

153 
 

133 

38.8 
 

33.5 

97 
 

74 

24.6 
 

18.6 

394 
 

397 

100.0 
 

100.0 

0.002* 

    *Statistically significant at p< 0.01  
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Table 6.8: Significance of association (P) between the number (N) and proportion (%) of 
subjects without, with lower and with higher caries experience (DMFS) and gender based on the 
DMFS index.

Severity of caries DMFS 
Without caries 

DMFS= 0 
Lower caries 
DMFS= 1-4 

Higher caries 
DMFS ≥5 

 
All 

 
Gender 

N % N % N % N % 

P (Linear 
Association 
exact test) 

Girls 
 

Boys 

144 
 

190 

36.5 
 

47.9 

161 
 

142 

40.9 
 

35.8 

89 
 

65 

22.6 
 

16.4 

394 
 

397 

100.0 
 

100.0 

0.001* 

   *Statistically significant at p< 0.01  

Table 6.9: Significance of association (P) between the number (N) and proportion(%) of  
subjects without, with very low, low, moderate, high and very high caries experience and gender 
based on DMFT categories used by World Health Organisation (WHO, 2000).

Severity of caries 
Without 

caries 
 

DMFT 
=0 

Very low 
caries 

 
DMFT 
=0-1.1 

Low 
caries 

 
DMFT 
=1.2-2.6 

Mode 
rate  

Caries 
DMFT 
=2.7-4.4 

High 
caries 

 
DMFT 
=4.5-6.5 

Very 
high 

caries 
DMFT 
≥6.6 

 
All 

 
P 

(Linear 
Associa

tion 
exact 
test) 

 
 
 
 

Gender 

N % N % N % N % N % N % N %  
Girls 

 
Boys 

144 
 
190 

37 
 
48 

55 
 
42 

14 
 
11 

56 
 
59 

14 
 
15 

108 
 
85 

27 
 
21 

24 
 
19 

6 
 
5 

7 
 
2 

2 
 
5 

394 
 
397 

100 
 
100 

0.002* 

*Statistically significant at p< 0.01 

6.6.7 Dental caries and its association with dental erosion 

One hundred and ninety-two subjects (42%) of the 457 with caries experience also had 

experience of dental erosion, whilst 131 subjects (39.2%) of the 334 who did not have dental 

caries, had clinical signs of dental erosion.  This difference was not statistically significant 

(Fisher’s exact test; p= 0.464, OR= 1.123, 95% CI 0.842-1.497) (Table 6.10).  No statistically 

significant difference was observed when the association between severity of dental caries 

and experience of erosion was tested.   

The mean DMFT and DMFS indices amongst subjects with and without erosion were very 

similar.  The mean for the DMFT index for subjects with and without erosion were 1.71 (SD± 

1.94) and 1.65 (SD± 1.80), respectively.  The median and interquartile range were 1.00 and 3, 

respectively, both for subjects with and without dental erosion (Linear association exact test; 
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p= 0.671).  The DMFS for subjects with and without erosion was 2.48 (SD± 3.23) and 2.34 

(SD± 2.91), respectively.   

The median and interquartile range for the DMFS index were 1.00 and 4, respectively, for the 

two groups (Linear association exact test; p= 0.513) (Table 6.11).  The proportions of subjects 

with erosion were higher for all caries experience groupings although these differences were 

not statistically significant (Table 6.12 and Table 6.13).   

Table 6.10: Number (N) and proportion (%) of subjects with and without experience of caries 
categorised by the experience of dental erosion.

Experience of dental caries 

Yes No 

 
Total 

P 
(Fisher's 

exact test) 

OR 
(Odds 
Ratio) 

95% CI 
(Confidence 

Interval) 

Experience 
of dental 
erosion 

N % N % N %   Lower-Upper 
Yes 

No 

Total 

192 

265 

457 

42.0 

58.0 

100 

131 

203 

334 

39.2 

60.8 

100 

323 

468 

791 

40.8 

59.2 

100 

0.464 1.123 0.842-1.497 

Table 6.11: Mean, (SD), median, interquartile range (IQR) for DMFT and DMFS indices 
according to experience of dental erosion.

Index Experience of 
dental erosion 

Mean SD Median IQR P (Linear Association 
exact test) 

DMFT 

DMFT 

DMFS 

DMFS 

Yes 

No 

Yes 

No 

1.71 

1.65 

2.48 

2.34 

1.94 

1.80 

3.23 

2.91 

1 

1 

1 

1 

3 

3 

4 

4 

0.671 
 
 

0.513 
 

Table 6.12: Proportion (%) of subjects without, with lower and with higher caries experience 
(DMFT) and the experience of erosion based on 50th percentile of distribution of DMFT amongst 
subjects with caries experience. 

Severity of dental caries (DMFT) 
Without caries 

DMFT= 0 
Lower caries 
DMFT= 1-3 

Higher caries 
DMFT≥ 4   

Total 
P (Linear 

Association 
exact test) 

Experience 
of dental 
erosion 

N % N % N % N %  
Yes 

No 

Total 

131 

203 

334 

39.2 

60.8 

100 

126 

160 

286 

44.1 

55.9 

100 

66 

105 

171 

38.6 

61.4 

100 

323 

468 

791 

40.8 

59.2 

100 

0.884 
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Table 6.13: Significance of the association (P) and proportion (%) of subjects without, with 
lower and with higher caries experience (DMFS) and the experience of erosion based on the 
DMFS index.

Severity of dental caries (DMFS) 
Without caries 

DMFS= 0 
Lower caries 
DMFS= 1-4 

Higher caries 
DMFS ≥5 

 
Total 

P (Linear 
Association 
exact test) 

Experience 
of dental 
erosion 

N % N % N % N %  
Yes 

No 

Total 

131 

203 

334 

39.2 

60.8 

100 

127 

176 

303 

41.9 

58.1 

100 

65 

89 

154 

42.2 

57.8 

100 

323 

468 

791 

40.8 

59.2 

100 

0.471 

6.7 Discussion 

6.7.1 The study sample 

The study sample was from Benghazi which is the second largest city in Libya after the 

capital, Tripoli.  In total, 791 12 year-olds of both genders (394 girls and 397 boys) were 

included in the study. There was no existing classification of social class in Benghazi which 

could be used to provide a sampling frame, therefore cluster sampling within schools was 

used.  The study sample was sufficiently large enough (791), including thirty six schools 

drawn from the 15 different districts with different socioeconomic groups and cultures to 

make the study sample reasonably representative of 12 year-olds in Benghazi and other urban 

regions of Libya.   

6.7.2 The response rate 

Written consents were obtained from 2662 out of the 3014 subjects; a response rate of 88.3%.  

From those written consents, lists by school were made and the required sample number (791 

pupils; 29.7% of the consenting children) was selected randomly and included in the study.   
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6.7.3 Aims of the study 

As well as no published data relating to the prevalence and severity of dental erosion in 

children or adults being available in any region in Libya, additionally, no data had tested the 

relationship between dental erosion and caries.  Moreover, dental caries is still a major dental 

health disease in Libya and only a few published studies related to dental caries have been 

published.  This study was also undertaken to help focus the attention of the Libyan 

government for future planning and monitoring of dental services in Benghazi.   

6.7.4 Reproducibility of the study   

To establish the diagnostic variability of the examiner, 10% of the total sample was re-

examined for dental caries.  A good level of intra-examiner agreement was achieved for both 

the DMFT and DMFS indices using the Cohen’s Kappa statistic which is described by the 

World Health Organization as acceptably consistent (WHO, 1997).  Similar levels of 

reproducibility have been observed in other studies assessing dental caries (Al-Malik et al., 

2002; Auad et al., 2009).   

6.7.5 Dental caries experience of the sample 

The present study has provided useful information about the prevalence and severity of dental 

caries in 12 year-old Libyan schoolchildren in Benghazi. The study findings contribute to the 

overall picture of Libyan schoolchildren’s dental health, although with hindsight this may be 

an underestimate as no radiographic examinations were undertaken.   

In the present study the prevalence of dental caries was high; 457 subjects (57.8%) had 

experience of dental caries.  The reasons for this could be exposure to caries associated risk 

factors such as poor oral hygiene, less exposure to fluoride (Ali, 2004), absence of dental 

hygienists in Benghazi, poor dietary practices and increased consumption of sugars due to 

cheap and easy access to sugar-containing foods.  However, a number of other factors must 
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also be taken into consideration such as absence of both dental health education and caries 

prevention programmes.   

Comparing the prevalence of dental caries in this study that found in previous studies 

conducted in other countries with a similar age group, shows that the prevalence found in the 

present study was higher than that found in India (10%) (Bradley and Wendell, 2009), Iran 

(36.2%) (Momeni et al., 2006), Tunisia (48.3%) (Abid, 2004), Uganda (40.2%) (Kiwanuka et 

al., 2006), Italy (43.1%) (Campus et al., 2007) and in the UK (32.7%) (Pitts et al., 2006).  On 

the other hand,  the prevalence of dental caries found in the present study was lower than that 

found in 12 year-old schoolchildren in Philippines (74.9%) (Yabao et al., 2005), and in 12-13 

year-old schoolchildren in Riyadh and Qaseem, Saudi Arabia (92.3%, 87.9%), respectively 

(AlDosari et al., 2004).  Similarly it was lower than the prevalence of 78% in 13-14 year-old 

schoolchildren in Brazil (Auad et al., 2009).   

The mean DMFT and DMFS in the present study was 1.68 (SD± 1.86) and 2.39 (SD± 3.05), 

respectively.  The ‘WHO goal’ for the year 2000 was for a mean DMFT lower than 3.0 for 

children aged 12 years, therefore the results of the present study met this goal (WHO/FDI, 

1982), but this figure (1.68) was higher than the new oral health goals for the “year 2020 

WHO health 21 policy”: no more than a DMFT of 1.5 should be observed for children of age 

12 years (Peterson, 2003).  Comparing the results of the present study, the overall mean 

DMFT was much lower than the mean DMFT reported by previous studies conducted in other 

developing countries, in Hungary (3.8), Oman (3.23), Saudi Arabia (5.06), Kuwait (2.6), the 

Philippines (3.68) and Brazil (3.95), respectively (Szoke and Petersen, 2000; Al-Ismaily et al., 

2004; AlDosari et al., 2004; Behbehani and Scheutz, 2004; Yabao et al., 2005; Auad et al., 

2009) (Table 6.14).   

The decayed component (D) was the highest component of the DMFT index for 12 year-old 

children in the present study, the Decay Index being 95.2% for all subjects and 95.9% for 

subjects with caries experience.  The Decay Index in the present study when compared with 

 121



other developing countries, was shown to be higher than in studies of 12 year-old children in 

Tunisia (44.7%) (Abid, 2004), Mexico (82.3%) (Irigoyen and Sanchez-Hinojosa, 2000), Iraq 

(54.8%) (Ahmed et al., 2007), Iran (58.7%) (Momeni et al., 2006), India (73%) (Bradley and 

Wendell, 2009) and in Romania (89%) (Nuca et al., 2009) (Table 6.14).   

High levels of caries are usually related to high treatment needs and the high level of 

untreated caries is a cause for concern.  Untreated caries lesions dominated the DMFT among 

the schoolchildren representing a high rate of unmet treatment needs. This might be attributed 

to lack of dental health awareness and emphasises the importance of prevention programmes 

and treatment of carious teeth in children.  In addition, in Libya dental services within 

communities and within the school dental services are not able to provide all the dental 

treatment needed by children (Al-Sharbati et al., 2000).  The high numbers of untreated 

carious lesions were an indicator of the inability of current dental services to cope with the 

dental caries problem.  If dental services are unavailable in the public sector, children may be 

forced to seek dental treatment from private dental services, which are expensive.  In addition, 

lack of dental awareness and unhealthy dietary habits may have worsened the situation 

(Yabao et al., 2005).  Also, limited tooth brushing amongst children has led to limited access 

to use of fluoride toothpastes and their caries prevention properties (Ali, 2004).  Furthermore, 

the absence of public caries prevention programmes and lack of dental hygienists in Libya 

may have contributed to the high prevalence of dental caries.   

The decayed component (D) in the present study was 1.60.  This figure was higher than that 

found in England, London and Scotland (0.52, 0.47, 0.82), respectively (Pitts et al., 2000), 

France (0.8) (Bourgeois et al., 2004), Brazil (1.12) (Auad et al., 2009), Tunisia (1.18) (Abid, 

2004), and in Hungary (1.5) (Szoke and Petersen, 2000) as Table 6.14 shows.  Conversely, 

the decayed (D) component in the present study was lower than that found in Mexico (1.8) 

(Irigoyen and Sanchez-Hinojosa, 2000), Oman (2.8) (Al-Ismaily et al., 2004), Jordan (2.9) 
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(Taani, 2004), Riyadh and Qaseem, Saudi Arabia (4.65, 4.11), respectively (AlDosari et al., 

2004) and in Brazil (5.3) (Bonecker and Cleaton-Jones, 2003) (Table 6.14).   

In contrast, the lowest component of the index was the filled (F) component.  The Care index 

which reflects the restorative care of those who have suffered dental caries was 1.8% in 

present study; less than that found in Oman (3%) (Al-Ismaily et al., 2004), 12 year-olds in 

Tunisia (5%) (Abid, 2004), 12 year-olds in India (13%) (Bradley and Wendell, 2009), 12 

year-olds in Iran (37.9%) (Momeni et al., 2006), and much less than that found in 11 year-old 

children in the UK (42%) (Pitts et al., 2006), 12 year olds in the UK (48%) (Pitts et al., 1998) 

and 12 year-old children in three surveys in Brazil (50.5%, 66.4%, 56.3%) (Tagliaferro et al., 

2008).  This may have arisen because of poor access to oral health services, with the low F 

component being an indicator of the inability of current dental services to adequately treat 

children’s decay. Most oral health services in Libya provide symptomatic treatment rather 

than restoration and prevention (Al-Sharbati et al., 2000).  The mean filled (F) component in 

this study was (0.03), this figure was lower than that found in Tunisia (0.05) (Abid, 2004), 

Oman (0.1) (Al-Ismaily et al., 2004), Riyadh and Qaseem, Saudi Arabia (0.26, 0.16), 

respectively (AlDosari et al., 2004), Jordan (0.3) (Taani, 2004), Brazil (0.5) (Bonecker and 

Cleaton-Jones, 2003), Mexico (0.6, 0.7) (Irigoyen and Sanchez-Hinojosa, 2000), England, 

London and Scotland (0.86, 0.77, 1.13) respectively, (Pitts et al., 2000), France (0.9) 

(Bourgeois et al., 2004), and in Hungary (2.1) (Szoke and Petersen, 2000).  It was also much 

lower than 3.82 in Brazil (Auad et al., 2009).   

The Missing index was 3.0% for all subjects and 2.4% for subjects with caries experience.  

This figure was lower than that found in Iran (3.4%) (Momeni et al., 2006), Iraq (3.6%) 

(Ahmed et al., 2007), India (7%) (Bradley and Wendell, 2009), and in France (Bourgeois et 

al., 2004) (11%).  The mean missing component (M) was 0.05.  Similarly, M component of 

0.04, 0.07 and 0.09, respectively, were found in Mexico (Irigoyen and Sanchez-Hinojosa, 

2000), Tunisia (Abid, 2004) and in Brazil (Auad et al., 2009).  This figure might be due to 

 123



 124

limited access to oral health services and also might be due to lack of parental dental 

awareness of the importance of treating caries in childhood due to their erroneous belief that 

children’s teeth are replaceable and not important.   

The M component in this study was low when compared with previous studies from different 

countries.  The missing (M) component in Hungary (0.1) (Szoke and Petersen, 2000), Jordan 

(0.1) (Taani, 2004), Oman (0.3) (Al-Ismaily et al., 2004), France (0.2) (Bourgeois et al., 

2004), England, London and Scotland (0.12, 0.07, 0.21), respectively (Pitts et al., 2000) and 

in Riyadh and Qaseem, Saudi Arabia (0.16, 0.25), respectively (AlDosari et al., 2004) (Table 

6.14).   

 



Table 6.14: The prevalence of dental caries and the mean DMFT and its components in present study, previous studies in Libya, some developing and 
developed countries.

 
Source 

Year 
of 

study 

Country Age N DT MT FT DMFT Prevalence 
of caries  

% 

Decay 
Index 

% 

Missing 
Index  

% 

Care 
Index 

 % 
Present study 2007 Libya 12 791 1.60 0.05 0.03 1.68 57.8 95.2 3.0 1.8 
(Omar, 1989) 1987 Libya 12 130 0.56 0.10 0.12 0.78 71.8 12.8 15.0 
(Baccush and Nayak, 1991) 1989 Libya 10-13 720 1.34 0.21 0.03 1.58 56.9 84.8 13.0 1.9 
(Hawew et al., 1996) 1994 Libya 12 373 1.06 0.05 0.06 1.17 50.0 90.6 4.0 5.0 
(Al-Sharbati et al., 2000) 93/94 Libya 12 46 1.26 0.35 0.02 1.63 50.0 77.0 21.5 1.0 
(Abid, 2004) 1994 Tunisia 12 602 1.18 0.07 0.05 1.30 48.3 90.8 5.0 4.0 
(Behbehani and Scheutz, 2004) 2000 Kuwait 12   2.6   
(Taani, 2004) 2004 Jordan 12-13 718 2.9 0.10 0.3 3.2 90.0 3.0 9.0 
(Al-Ismaily et al., 2004) 2004 Oman 15 2,860 2.8 0.3 0.10 3.23 73.2 86.7 9.0 3.0 
(Al-Dosari et al., 2004) 2004 Saudi Arabia 12-13 392 4.65 0.16 0.26 5.06 92.3 91.9 3.0 5.0 
(Al-Dosari et al., 2004) 2004 Saudi Arabia 12-13 281 4.11 0.25 0.16 4.53 87.9 90.7 5.5 3.5 
(Szoke and Petersen, 2000) 1996 Hungary  12 900 1.5 0.10 2.1 3.8 84.5 39.5 2.6 55.0 
(Irigoyen and Sanchez-Hinojosa, 2000) 1997 Mexico 12 1,138 1.8 0.04 0.6 2.47 72.3 72.8 2.0 25.0 
(Irigoyen and Sanchez-Hinojosa, 2000) 1988 Mexico 12 2,275 6.6 0.10 0.7 4.39 89.7 82.0 1.0 16.0 
(Yabao et al., 2005) 2003 Philippines 12 175  3.68 74.9   
(Bonecker and Cleaton-Jones, 2003) 1997 Brazil 11-13  5.3 0.4 0.5 6.3 84.0 6.0 8.0 
(Auad et al., 2009) 2009 Brazil 13-14 458 1.12 0.09 3.82 3.95 78.0 28.0 2.0 96.7 
(Sudha et al., 2005) 2005 India 11-13 171  1.83 82.5   
(Momeni et al., 2006) 2005 Iran 12 1,102  0.77 36.2 58.7 3.4 37.9 

(Kiwanuka et al., 2006) 2004 Uganda 12 614  0.98 40.2 61.7  1.1 
(Ahmed et al., 2007) 2003 Iraq 12 384 1.3 0.1 0.3 1.7 62.0 54.8 3.6 15.0 
(Adekoya-Sofowora et al., 2006) 2003 Nigeria 12 402  0.14 13.9 77.2 7.0 15.8 
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Table 7.14: Continued, the prevalence of dental caries and the mean DMFT and its components in present study, previous studies in Libya, some 
developing and developed countries

Source Year 
of 

study 

country Age N DT MT FT DMFT Prevalence 
of caries 

% 

Decay 
Index 

% 

Missing 
Index 

% 

Care 
Index 

% 
(Pitts et al., 1998) 96/97 UK 12 129,941 0.48 0.10 0.54 1.13 44.0 42.5 8.8 48.0 
(Pitts et al., 2000) 98/99 UK 14 121,550 0.59 0.15 1.02 1.76 33.5 8.5 58.0 
(Pitts et al., 2006) 04/05 UK 11 135,075 0.34 0.08 0.30 0.72 32.7 47.0 11.0 42.0 
(Campus et al., 2007) 2004 Italy 12 5,342  1.09 43.1   
(Bourgeois et al., 2004) 1993 France 12 1,331 0.6 0.2 1.3 2.1 65.3 29.0 10.0 62.0 
(Bourgeois et al., 2004) 1998 France 12 6,000 0.8 0.2 0.9 1.9 60.8 42.0 11.0 47.0 
(Bradley and Wendell, 2009)  India 12 442 0.11 0.01 0.02 0.15 10.0 73.0 7.0 13.0 
(Nuca et al., 2009) 2007 Romania 12 259 2.94 0.11 0.25 3.31 77.2 89.0 3.3 7.6 

 

 
 
 
 
 
 
 

 



6.7.6 Gender differences 

The mean DMFT in girls (1.88) was higher than in boys (1.48), and this difference was 

statistically significant (p<0.002).  A similar pattern has been reported by other studies, 

girls having been found to have a higher caries experience than boys (Misra and Shee, 

1979; Saimbi et al., 1983; Singh et al., 1985; Kiwanuka et al., 2006; Auad et al., 2009).  

However, in the UK, a National Survey found the same proportion of boys and girls with 

experience of caries for 11-14 year-olds (Walker et al., 2000) and no gender difference 

was found in a study of 12 year-olds in India (Bradley and Wendell, 2009) and in 

Romania (Nuca et al., 2009).  In contrast, boys were found to have a higher DMFT index 

than girls in a previous study of 12 year-olds in Libya (Al-Sharbati et al., 2000), of 12-13 

year-olds in Saudi Arabia (AlDosari et al., 2004) of 11-13 year-olds in India (Sudha et al., 

2005) and of 12 year-olds in Tunisia (Abid, 2004), but these gender differences were not 

statistically significant.  In the present study, the prevalence of dental caries experience 

was slightly lower in boys as compared with girls; an unexpected result as girls generally 

pay greater attention to hygiene and aesthetics than boys.  However, this might be 

explained by the fact that generally there is a trend towards earlier permanent tooth 

eruption in girls than boys and they are exposed to risk factors for dental caries for a 

longer period of time than in boys.  But the differences in eruption times are only a few 

months which clinically may result in little difference.   

6.7.7 Comparison the present study with previous studies in 

Libya 

In this study, the mean DMFT and the prevalence of dental caries found was similar to 

that found in previous Libyan studies which reported a mean DMFT of 1.58 and 

 127



prevalence of caries of 56.9% for 10-13 year-olds (Baccush and Nayak, 1991) and a mean 

DMFT of 1.17 but with relatively lower prevalence of caries (50%) in 12 year-olds 

(Hawew et al., 1996).  Moreover, when the present study was compared with a more 

recent study undertaken in Libyan schoolchildren (Al-Sharbati et al., 2000), the mean 

DMFT score was 1.63 and the prevalence of dental caries was 50% for 12 year-old 

children.  These three Libyan studies have shown that the mean DMFT for 12 year-old 

children increased from 0.78 in 1987 in Tobruk (Omar, 1989) to 1.17 in 1994 in Benghazi 

(Hawew et al., 1996) to 1.63 in 1994 in Benghazi (Al-Sharbati et al., 2000), while the 

present study showed a mean DMFT of 1.68.  The severity of dental caries seen in the 

present study was greater than that reported by these studies involving a similar age group 

eighteen, eleven and seven years earlier.  This may be an indication of an upward trend in 

dental caries prevalence in Libya, possibly due to an increased availability of refined 

sugary products with, poor oral hygiene and less exposure to fluoride due to lack of tooth 

brushing and toothpaste use (Al-Sharbati et al., 2000; Ali, 2004).   

The Decay Index was 95.2% in the present study.  Most other dental caries studies in the 

same age groups in Libya have also reported  high figures; 71.8%, 84.8%, 90.6%, 77% 

(Omar, 1989; Baccush and Nayak, 1991; Hawew et al., 1996; Al-Sharbati et al., 2000), 

respectively. The D component contributed most to the DMFT index in both boys and 

girls and increased with time in the same age group (Table 6.14).  The Care Index was 

low in this study (1.8%).  It was also low in previous studies within similar age groups in 

Libya 15%,1.9%, 5%, 1%, respectively (Omar, 1989; Baccush and Nayak, 1991; Hawew 

et al., 1996; Al-Sharbati et al., 2000).  This downward trend in the Care Index might be 

due to limited access to dental services, despite the growing number of children.  The 

Missing Index in the present study was 3%. In previously published Libyan studies it was 
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12.8%, 13%, 4%, 21.5%, respectively (Omar, 1989; Baccush and Nayak, 1991; Hawew et 

al., 1996; Al-Sharbati et al., 2000).   

6.7.8 Comparison of the present Libyan study with other 

developing countries 

In several developing countries, children do not benefit from preventive oral health 

programmes.  The prevalence of dental caries in these countries is expected to increase in 

the future as a result of growing consumption of sugars and limited fluoride exposure 

(Petersen, 2005).  When comparing the mean DMFT found in the present study (1.68), a 

similar figure (mean DMFT 1.7) was observed for 384 12 year-old schoolchildren from 

Baghdad, Iraq (Ahmed et al., 2007), while lower DMFTs have been observed for 12 year-

olds in Portugal (1.5) (Almeida et al., 2003), Tunisia (1.3) (Abid, 2004), and in Egypt 

(1.2) (Abid, 2004).  An almost similar figure was reported for the mean DMFT in 11-13 

year-olds in Mangalore, India (1.83) (Sudha et al., 2005), but, the prevalence of dental 

caries (82.5) was much higher than that observed in the present study.  Also in a similar 

pattern to the present study, the D component contributed most of the DMFT.  On the 

other hand, contrary to the relatively low mean DMFT in the present study, most 

developing country studies have shown relatively high mean DMFTs; 2.6, 2.3, 3.2, 3.7, 

3.31 in 12 year-old schoolchildren in Kuwait, Syria, Jordan, the Philippines and Romania 

respectively (Behbehani and Scheutz, 2004; Beiruti and Van Palenstein Helderman, 2004; 

Taani, 2004; Yabao et al., 2005; Nuca et al., 2009).  In the same way, the mean DMFT in 

the present study was lower than the 2.6 found in 10-12 year-old schoolchildren in Sudan 

(Ibrahim et al., 1997), the 3.23 in 12 year-old Omani schoolchildren (Al-Ismaily et al., 

2004).  Moreover, it was also lower than the mean DMFT of 3.95 found in 14 year-old 

Brazilian schoolchildren (Auad et al., 2009).  In fact, the mean DMFT score in the present 
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study was much lower than the DMFT of 5.06 and 4.53 reported by AlDosari et al. (2004) 

in 12-13 year-old schoolchildren in two regions in Saudi Arabia, the 5.2 reported by Khan 

et al. (2007) in 10 year-olds in Saudi Arabia and the 4.74 found in 15-16 year-olds in 

Jordan (Taani, 1997). The suggested reasons from the authors for these high figures were 

the caries related risk factors such as oral hygiene and dietary practices.  In contrast, the 

DMFT found in 12 year-old children in the Islamic Republic of Iran (DMFT 0.77) 

(Momeni et al., 2006), and in Uganda (DMFT 0.98) (Kiwanuka et al., 2006) were lower 

than that found in the present study.  There are downward trends reported in 16 

developing countries from 1970 to 2000 in Latin America and the Caribbean (Bonecker 

and Cleaton-Jones, 2003).  In Brazil, the mean DMFT was 9.2 in 1971, and declined to 

3.8 in 1988 and to 2.1 in 1996 (Bonecker and Cleaton-Jones, 2003).  A similar pattern has 

been observed in Mexico, where the mean DMFT index dropped in 12 year-olds from 4.4 

in 1988 to 2.5 in 1997 (Irigoyen and Sanchez-Hinojosa, 2000) (Table 6.14).  In the same 

way, the mean DMFT declined from 5.0 in 1985 and 4.3 in 1991 to 3.8 in 1996 in the East 

European country of Hungary (Szoke and Petersen, 2000).  Although these figures 

represent downward trends in mean DMFT, the mean DMFT in the present study was still 

substantially lower than the mean DMFT reported in these countries.   

6.7.9 Comparison of the present study with developed 

countries 

Although the prevalence of dental caries has decreased in developed counties, the disease 

still affects a significant proportion of people worldwide (Petersen, 2005). The prevalence 

of dental caries has declined in developed countries and it has been suggested that this 

may be due to a sensible approach to sugar consumption, improvement in oral hygiene 

practices and introduction of fluoride-containing dentifrices, along with increased dental 
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awareness and comprehensive preventive programmes (Jamieson et al., 2004).  

Furthermore, dental health information provided through schools may have improved the 

oral health behaviour of the children.  The mean DMFT in 12 year-olds in France in 1998 

was 1.9 (Bourgeois et al., 2004), a figure higher than that in the present study.  However, 

the mean DMFT in France has declined over time; from 4.2 in 1987 to 2.1 in 1993 to 1.9 

in 1998 (Bourgeois et al., 2004).  In contrast, the DMFT found in Libyan studies has 

shown an increase from 0.78 in 1989 (Omar, 1989) to 1.17 in 1996 (Hawew et al., 1996) 

to 1.63 in 2000 (Al-Sharbati et al., 2000) and has continued to increase up to the present 

study in which a DMFT of 1.68 was found.   

Campus et al. (2007) reported that the mean DMFT in 12 year-old Italian children was 

1.09 which was lower than the value in the present study.  Lower figures of mean DMFT 

have been reported also for 14 year-olds in England (1.51), in East Scotland (1.22) and in 

London (1.32).  But higher figures have been reported in North West Scotland (2.16) and 

Northern and Yorkshire regions (1.89).  Overall, the mean DMFT across the UK was 1.76 

(Pitts et al., 2000) slightly higher than that found in the present study.  In this study, the 

prevalence of dental caries was 57.8%, while lower figures for the prevalence of dental 

caries (51%) have been reported for 13-14 year-olds (O'Brien, 1994) and for 11-14 year-

olds (Walker et al., 2000) in National Surveys in the UK, and 12 year-olds in Italy 

(43.1%) (Campus et al., 2007).   

6.7.10 Association between dental caries and erosion 

In the present study, the experience and severity of dental caries was not statistically 

associated with experience of dental erosion, confirming the findings of a previous study 

(Auad et al., 2009).  From the subjects with experience of dental caries, almost 42% also 

had experience of dental erosion, while the proportion of subjects with dental erosion 
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among those without dental caries was 39.2%.  The differences in the DMFT and DMFS 

indices were also not statistically significant between subjects with and without dental 

erosion.  This is also in agreement with previous studies (Kunzel et al., 2000; Truin et al., 

2005; Auad et al., 2009).  Other studies however have reported that many types of food 

and soft drinks are acidic and also high in non-milk extrinsic sugars, so dental erosion and 

caries might be expected to occur together and have reported a statistically significant 

association between these variables (Al-Malik et al., 2002; Dugmore and Rock, 2004a; 

Dugmore and Rock, 2004b; Kazoullis et al., 2007).  

6.8 Conclusions 

6.8.1 The first aim of this part of the study was to determine the prevalence and severity 

of dental caries amongst 12 year-old children in Benghazi, Libya was achieved.   

 The prevalence of dental caries was 57.8%, 457 subjects had experience of dental 

caries, with 334 subjects (42.2 %) caries free.   

 The severity of dental caries as expressed by the mean DMFT was 1.68 in 12 year-

olds, while the mean DMFS was 2.39.   

 Girls had statistically significantly higher prevalence of dental caries (63.5%) than 

boys (52%) (p= 0.002).   

 Girls had statistically significantly higher mean DMFT and DMFS (1.88 and 2.71) 

than boys (1.48 and 2.08), respectively (p= 0.002).   

 The prevalence of dental caries and DMFT indices were low when compared with 

the results from other developing countries.   
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 The mean DMFT for this study met the WHO goal for year 2000; a mean DMFT 

< 3.0 for 12 year-olds (WHO/FDI, 1982), but it was higher than the WHO goal for 

year 2020; a mean DMFT ≤ 1.5 for the same age group (Petersen, 2003).   

 The Decay Index was 95.2%, Missing Index was 3% and Care Index was 1.8%.  

The high level of untreated caries is a cause for concern, representing a high rate 

of unmet treatment need.   

6.8.2 The second aim of this part of study was to investigate the association between 

dental caries and erosion was achieved.   

 There is no relationship between dental erosion and dental caries in 12 year-old 

children in Benghazi, Libya; the experience and severity of dental caries was not 

statistically associated with the experience of dental erosion.  The null hypothesis 

of this study was accepted.   
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Chapter 7 

Dietary risk factors for dental erosion:  

a questionnaire survey  

7.1 Introduction 

Different epidemiological studies have indicated that dietary factors are the most 

important in the development of dental erosion for children due to the consumption of 

acidic drinks and foods (Jarvinen, 1991; O'Brien, 1994; Millward et al., 1994a; Larsen 

and Nyvad, 1999; Shaw and Smith, 1999; Lussi et al., 2000; Walker et al., 2000; 

O'Sullivan and Curzon, 2000a; May and Waterhouse, 2003; WHO, 2003; Luo et al., 

2005; El Karim et al., 2007).  Evidence from studies suggests that carbonated drinks play 

an important role in development of dental erosion in children and adults (Dugmore and 

Rock, 2004b; Waterhouse et al., 2008).  The consumption of acidic drinks by children has 

increased markedly over the last few decades (Gregory et al., 2000).  In addition, there 

has been increasing concern to adopt a healthy diet (fruits, vegetables and fruit juices) 

which has lead to increased consumption of acidic foods and drinks (Lussi et al., 1991; 

Ganss et al., 1999b; Al-Dlaigan et al., 2001c).  Moreover, many people are vegetarian 

which may also result in increasing acid consumption in the diet since vegetarians 

consume acidic drinks, yogurts, grapes, vinegar and salad dressings more frequently than 

non-vegetarians (Al-Dlaigan et al., 2001c).  However, there are few published data about 

the association between vegetarianism and dental erosion.  A high intake of dietary acids 

may be an important aetiological factor for dental erosion whether part of a vegetarian or 

non-vegetarian diet (Al-Dlaigan et al., 2001c).  In relation to the intake of acidic drinks, 

several factors may affect the severity of dental erosion such as the frequency and amount 
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of acidic drinks intake, length of time the drink is retained in the mouth, use of a straw, 

method of drinking and salivary buffering capacity (Milosevic, 1998; Kunzel et al., 2000; 

Lussi et al., 2000; Chadwick and Pendry, 2004; Milosevic et al., 2004; Moynihan and 

Petersen, 2004).  In addition, consumption of acidic drinks overnight has been shown to 

significantly increase the prevalence and severity of dental erosion (Al-Majed et al., 2002; 

Nunn et al., 2003; Talebi et al., 2009).  Prevalence of tooth surface loss is also high in 

people with a high standard of oral hygiene reported who brush after an erosive challenge 

(O'Sullivan and Curzon, 2000b).  In contrast, amount and frequency of free sugars 

consumption are the most important aetiological factors in the development of dental 

caries (Al-Khateeb et al., 1991; Rugg-Gunn and Hackett, 1993; Sheiham, 2001; 

Moynihan, 2002; WHO, 2003; AlDosari et al., 2004; Moynihan and Petersen, 2004; 

Sudha et al., 2005; Yabao et al., 2005).   

7.2 Aims 

The aims of the present study were: 

7.2.1 To collect data and explore relationships about dietary patterns, oral hygiene 

practices, general health, chronic diseases, lifestyle and socio-economic status relating to 

risk factors for dental erosion in 12 year-old schoolchildren in Benghazi, Libya.   

7.2.2 To investigate any association between the experience of dental erosion and its 

potential risk factors in 12 year-old schoolchildren in Benghazi, Libya.   

7.2.3 To investigate any association between the experience of dental caries and its 

potential risk factors in 12 year-old schoolchildren in Benghazi, Libya.   
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7.3 Objectives 

To ask 12 year-old schoolchildren to complete a questionnaire in order to collect 

information about:  

 Their consumption of acidic dietary items (foods and drinks) in terms of types of 

drinks, frequency of consumption and associated habits.   

 Their consumption of non-acidic dietary items (foods and drinks) in terms of 

types of drinks and frequency of consumption.   

 Their consumption of tap and bottled water.   

 Other potential risk factors for dental erosion in their general health (chronic 

health problem), oral hygiene practices, oral habits, lifestyle and socio-economic 

status of children’s parents.   

7.4 Null hypotheses 

 There is no relationship between the prevalence and severity of dental erosion and 

the frequency of consumption of acidic dietary items.   

 There is no relationship between the prevalence and severity of dental erosion and 

exposure to other potential risk factors for dental erosion such as oral hygiene 

practice, oral habits, lifestyle and socio-economic status of children’s parents.   
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7.5 Materials and methods 

7.5.1 Preparation for questionnaire survey in Newcastle  

Data were collected about the dietary intake of 792 subjects aged 12 years in Benghazi 

through a questionnaire based on the one previously used in the oral health component of 

the UK National Diet and Nutrition Survey (NDNS) (Walker et al., 2000) and that used 

by Auad et al. (2009) for a study on dental erosion in Brazil.  The questionnaire survey 

included questions on amount, frequency and timing of consumption of acidic food and 

drink items, consumption of tap or bottled water, consumption of non-acidic drinks, 

sugared drinks, bedtime drinks, oral hygiene practices, general health, socio-economic 

status, and other potential risk factors for dental erosion (Appendix 4.5).  The acidic-

sugared drinks included sugared carbonated drinks, sports drinks, squashes, fruit-based 

sugared drinks and natural unsweetened fruit juices (natural unsweetened fruit juices are 

not sugars free, can contain up to 12% Non-Milk Extrinsic Sugars (NMES)).  The acidic 

sugars-free drinks included sugars-free carbonated drinks, and carbonated water.  The 

non-acidic drinks included milk, flavoured milk, sugared tea with milk and tap or bottled 

water.  Information about the use of carbonated drinks, squashes, and fruit juices 

consumed at bedtime was also collected.  The questionnaire was prepared and designed in 

the School of Dental Sciences at Newcastle University and then translated into simple 

Arabic language by the researcher.  As the Arabic language was used in the questionnaire, 

the questions were labelled using English letters and Arabic numbers, which are the same 

as English numbers, to facilitate data entry.  The questionnaire was piloted in the UK in 

order to test content and face validity and obtain information regarding any difficulties 

with completion of the questionnaire.  Five 11-12 year-old children based in the UK who 

were Arabic speaking and were not involved in the study were asked to complete the 
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questionnaire and provide comments regarding ease of use which were then used to refine 

the design of the questionnaire.   

7.5.2 Field work in Benghazi, Libya 

Once consent for the study had been obtained (Section 4.6.1), the questionnaire was 

printed and copied according to the sample size.  Following written consent from the 

parents of the study children, the questionnaires were distributed to the randomly selected 

sample of 792 12 year-old schoolchildren; 22 school children (11 boys and 11 girls) from 

each one of the 36 randomly selected schools.  With regard to the timetable for 

questionnaire completion, it was planned that three schools would be visited for dental 

examination and questionnaire completion each week.  The questionnaires were 

distributed to the children in schools before the dental examination to prevent bias 

following the dental examination.  On the day of the survey within each school, the 

children were grouped into any free place to complete the questionnaires including 

laboratories, libraries, classrooms and sports rooms.  The questionnaires were distributed 

to the children and the researcher explained the importance of their honest answers and 

that there were no wrong or right answers.  The importance of understanding the meaning 

of each question before starting to answer them was also highlighted.  The researcher 

asked the children to complete the questionnaire after giving instructions to help them to 

understand the questions where necessary.  The researcher remained available during the 

completion of the questionnaire and also explained that answers and names would remain 

confidential.  The researcher collected the questionnaires immediately after completion.  

This method maximized the response rate.  After the children returned the questionnaire, 

the examiner reviewed the questionnaire quickly for any incomplete entries, and asked the 

children to complete unanswered questions.   

 138



7.5.3 Post-field work in Benghazi 

Once questionnaires were completed, they were photocopied to provide a backup and then 

stored in boxes according to the school order and subject numbers.  These original 

documents were then transported from Benghazi to Newcastle upon Tyne, UK by DHL 

International Ltd after completion of the field work.   

7.5.4 Post-field work in the UK 

Upon their arrival to the UK, the completed questionnaires were hand delivered to the 

Data Preparation Services at Newcastle University where they were entered into Excel 

files.  The Excel data set was converted by the researcher into a data file within the 

Statistical Package for Social Sciences (SPSS) version 14.0 for Windows (SPSS 

Incorporation).  Whenever there was query or space in the questionnaire, the original 

written document was re-visited by the researcher and any query clarified.  This approach 

was used to try to minimise missing data.   

7.5.5 Data-analysis 

Following descriptive analysis, all questionnaire data were analysed using SPSS with Chi-

Square analysis, to determine if there was a statistically significant difference in the 

responses for different groups.  The data were also analysed by gender (Chi-Square 

analysis).  For the 791 individuals with data from both the dental examination and the 

questionnaire survey a process of bivariate analysis for non-parametric data using the 

exact versions of Chi-Square, Fisher’s and Linear Association was used.  Non-parametric 

test was used because data was not normally distributed.  The bivariate process was used 

to investigate the associations between the experience of dental erosion, dental caries and 

exploratory variables which included, reported intake of acidic foods and drinks, oral 
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habits, oral hygiene practices and parents’ education level.  In addition, Odds ratio (OR) 

and 95% Confidence Intervals (CI) were calculated for 2 x 2 tables.  Only two-sided 

statistical tests were used because two-sided statistical test applies in the situation where 

the direction of the results is unknown.  The statistical significance level was set at 5% 

(p< 0.05).  Contingency coefficient used to give the strength of association between the 

two variables, it ranges from 0 to 1.  The experience of dental erosion (Yes/No) was the 

dependent variable, as erosion into enamel only was the most common finding amongst 

the Libyan children (Chapter 5).   

7.6 Results 

7.6.1 The response rate and age distribution of the sample 

For the 791 children included in the study, the age range was 10.8-12.5 years (mean age, 

11.7 years, standard deviation, 0.307).  Approximately 30-50 minutes were needed to 

complete the questionnaire.  There were no reported difficulties in understanding or 

completing the questionnaires.  The response rate was 88.3%.  Figure 7.1 shows the age 

distribution of the schoolchildren who participated in the study.  The field work took five 

months from 8th of September 2007 to 31st of January 2008.   
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Figure 7.1: Age distribution of schoolchildren (Y) who participated in the questionnaire survey. 

11.00 11.50 12.00 12.50

Age in years

25 

50 

75 

100

125

Frequency 
 

 

7.6.2 Types of drinks consumed and frequency of consumption 

All drinks consumed by the 12 year-old schoolchildren reported in the questionnaire are 

described in Table 7.1 and Table 7.2.  Sugared carbonated drinks, fruit-based sugared 

drinks, squashes, sugared tea with milk and milk, were the drinks most commonly 

consumed once or more a day.  Boys reported a higher frequency of consumption of all 

types of drinks compared with girls (Table 7.1 and Table 7.2).   

7.6.2.1 Frequency of consumption of acidic-sugared drinks 

Sugared carbonated drinks were most commonly consumed less than once a day with 

64.8% reporting this frequency of use, followed by once per day (16.2%), more than once 

per day (8.7%) and more than twice a day (6.8%).   

There were no statistically significant differences in consumption of sugared carbonated 

drinks between boys and girls (Pearson Chi-Square; p= 0.101).  With regard to fruit-based 

sugared drinks, the most commonly reported frequency of consumption was less than 

once per day (47.2%), followed by once a day (28.2%) and more than once per day 
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(11.7%).  The difference between gender in consumption of these drinks was not 

statistically significant (Pearson Chi-Square; p= 0.194).  For squashes, the most common 

frequency of the consumption was less than once per day (53%), followed by once per 

day (19.4%).  There was no statistically significant difference between gender for 

frequency of consumption of squash (Pearson Chi-Square; p= 0.082).   

The majority (89%) of the subjects claimed to never consume sports drinks, but of the 

children who did consume sport drinks there were statistically significant more boys than 

girls (Pearson Chi-Square; p= 0.001).  The majority (88.1%) of the subjects never 

consumed natural unsweetened fruit juices.  The difference between gender in 

consumption of these drinks was not statistically significant (Pearson Chi-Square; p= 

0.501) (Table 7.1).   

7.6.2.2 Frequency of consumption of acidic sugars-free drinks 

Non-sugared carbonated drinks and carbonated water were less frequently consumed by 

the subjects, although boys were more likely to consume these drinks than girls.  The 

majority of the subjects (90.2%) did not consume non-sugared carbonated drinks.   

A statistically significant greater number of boys consumed these drinks than girls 

(Pearson Chi-Square; p= 0.017).  Of the subjects 84.1% never consumed carbonated 

water.  The difference between gender was not statistically significant (Pearson Chi-

Square; p= 0.086) (Table 7.1).   
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Table 7.1: Types and frequency of acidic drinks taken by 12 year-old children by gender.

Type of 
drinks 

Gender >2/day 
N (%) 

2/day 
N (%) 

1/day 
N (%) 

<1/day 
N (%) 

Never 
N (%) 

P (Pearson 
Chi-Square)

M v F1

Sugared 
carbonated 

drinks 
 

Fruit-based 
sugared 
drinks 

 
Squashes 

 
 
 

Sports drinks 
 
 

Natural 
unsweetened 
fruit juices 

 
Non-sugared 
carbonated 

drinks 
 
 

Carbonated 
water 

 

Male 
Female 
Total 

 
Male 

Female 
Total 

 
Male 

Female 
Total 

 
Male 

Female 
Total 

 
Male 

Female 
Total 

 
Male 

Female 
Total 

 
Male 

Female 
Total 

35 (8.8) 
19 (4.8) 
54 (6.8) 

 
28 (7.1) 
17 (4.3) 
45 (5.7) 

 
23 (5.8) 
18 (4.5) 
41 (5.2) 

 
2 (0.5) 
1 (0.3) 
3 (0.4) 

 
2 (0.5) 
5 (1.3) 
7 (0.9) 

 
6 (1.5) 
5 (1.3) 

11 (1.4) 
 

3 (0.8) 
0 (0.0) 
3 (0.4) 

38 (9.6) 
31 (7.8) 
69 (8.7) 

 
42 (10.6) 
51 (12.9) 
93 (11.7) 

 
29 (7.3) 
13 (3.3) 
42 (5.3) 

 
4 (1.0) 
3 (0.8) 
7 (0.9) 

 
5 (1.3) 
5 (1.3) 

10 (1.3) 
 

1 (0.3) 
2 (0.5) 
3 (0.4) 

 
2 (0.5) 
2 (0.5) 
4 (0.5) 

67 (16.9) 
61 (15.4) 

128 (16.2) 
 

115 (29.0) 
108 (27.3) 
223 (28.2) 

 
76 (19.2) 
78 (19.7) 

154 (19.4) 
 

8 (2.0) 
4 (1.0) 

12 (1.5) 
 

15 (3.8) 
9 (2.3) 

24 (3.0) 
 

8 (2.0) 
4 (1.0) 

12 (1.5) 
 

17 (4.3) 
9 (2.3) 

26 (3.3) 

241 (60.9) 
272 (68.7) 
513 (64.8) 

 
178 (44.9) 
196 (49.5) 
374 (47.2) 

 
198 (50.0) 
222 (56.1) 
420 (53.0) 

 
51 (12.9) 
14 (3.5) 
65 (8.2) 

 
29 (7.3) 
24 (6.1) 
53 (6.7) 

 
37 (9.3) 
15 (3.8) 
52 (6.6) 

 
53 (13.4) 
40 (10.1) 
93 (11.7) 

15 (3.8) 
13 (3.3) 
28 (3.5) 

 
33 (8.3) 
24 (6.1) 
57 (7.2) 

 
70 (17.7) 
65 (16.4) 

135 (17.0) 
 

331 (83.6) 
374 (94.4) 
705 (89.0) 

 
345 (87.1) 
353 (89.1) 
698 (88.1) 

 
344 (86.9) 
370 (93.4) 
714 (90.2) 

 
321 (81.1) 
345 (87.1) 
666 (84.1) 

0.101 
 
 
 

0.194 
 
 
 

0.082 
 
 
 

     0.001** 
 
 
 

0.501 
 
 
 

0.017* 
 
 
 

0.086 
 
 

1Male versus female     *Statistically significant at p< 0.05                **Statistically significant at p< 0.01    

7.6.2.3 Consumption of non-acidic drinks 

The most popular non-acidic drinks were sugared tea with milk, milk, and flavoured milk.  

More than half of the children (52.3%) consumed sugared tea with milk once per day, 

while 12.4%, 9%, 6.6% consumed this drink less than once per day, more than once per 

day, more than twice per day, respectively and 19.8% subjects did not consume tea with 

milk.  Boys consumed sugared tea with milk statistically significantly more often than 

girls (Pearson Chi-Square; p= 0.001).  Of the subjects 9.1%, 11.5%, 37.1%, 17.8% 

consumed milk more than twice per day, more than once per day, once a day, less than 

once per day, respectively, with boys consuming milk statistically significantly more 

frequently than girls (Pearson Chi-Square; p= 0.016) (Table 7.2).   
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Table 7.2: Types and frequency of non-acidic drinks taken by 12 year-old schoolchildren in 
Benghazi, Libya by gender.

Type of 
drinks 

 
Gender 

>2/day 
N (%) 

2/day 
N (%) 

1/day 
N (%) 

<1/day 
N (%) 

Never 
N (%) 

P (Pearson 
Chi-Square)

M v F1

Sugared 
Tea with 

milk 
 

Flavoured 
milk 

 
 

Milk 

Male 
Female 
Total 

 
Male 

Female 
Total 

 
Male 

Female 
Total 

34 (8.6) 
18 (4.5) 
52 (6.6) 

 
14 (3.5)  
11 (2.8) 
25 (3.2) 

 
45 (11.4) 
27 (6.8) 
72 (9.1) 

37 (9.3) 
34 (8.6) 
71 (9.0) 

 
14 (3.5) 
18 (4.5) 
32 (4.0) 

 
48 (12.1) 
43 (10.9) 
91 (11.5) 

225 (56.8) 
189 (47.7) 
414 (52.3) 

 
42 (10.6) 
42 (10.6) 
84 (10.6) 

 
156 (39.4) 
138 (34.8) 
294 (37.1) 

47 (11.9) 
51 (12.9) 
98 (12.4) 

 
152 (38.4) 
143 (36.1) 
295 (37.2) 

 
67 (16.9) 
74 (18.7) 

141 (17.8) 

53 (13.4) 
104 (26.3) 
157 (19.8) 

 
174 (43.9) 
182 (46.0) 
356 (44.9 

 
80 (20.2) 

144 (28.8) 
194 (24.5) 

0.001** 
 
 
 

0.859 
 
 
 

0.016* 

1Male versus female      *Statistically significant at p< 0.05       **Statistically significant at p< 0.01 

7.6.2.4 Consumption of tap and bottled water 

When 12 year-old schoolchildren were asked about the type of drinking water they 

consumed, as Table 7.3 shows, 55.8% of the subjects consumed both tap and bottled 

water, 29.7% consumed just tap water, and 14.5% consumed just bottled water, with no 

gender difference (Pearson Chi-Square; p= 0.927).   

Table 7.3: Consumption of tap, bottled and all waters by gender in 12 year-old children.

Gender Tap water 
N (%) 

Bottled water 
N (%) 

Tap and bottled water 
N (%) 

Male 
Female 
Total 

120 (30.3) 
115 (29.0) 
235 (29.7) 

57 (14.4) 
58 (14.6) 

115 (14.5) 

219 (55.3) 
223 (56.3) 
442 (55.8) 

7.6.2.5 Length of time taken to consume acidic drinks 

When asked about the length of time they usually took to drink soft drinks; 30.4% of the 

subjects reported the habit of having the drink straight away, 61.6% made it last up to 15 

minutes, 4.4% made it last between 15 and 30 minutes, and 3.5%  made it last longer than 

30 minutes.  Girls took statistically significantly longer to consume acidic drinks than 

boys (Pearson Chi-Square; p= 0.001) (Table 7.4).   
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Table 7.4: Length of time taken to consume acidic drinks by 12 year-old schoolchildren.

Length of time acidic drinks last in the mouth 

Gender 

Drink it straight 
away 

N (% ) 

Up to 15 
minutes 
N (%) 

Between 15 and 
30 minutes 

N (%) 

Longer than 30 
minutes 
N (%) 

182 (46.0) 190 (48.0) 14 (3.5) 10 (2.5) Male 

Female 59 (14.9) 298 (75.3) 21 (5.3) 18 (4.5) 

Total 241 (30.4) 488 (61.6) 35 (4.4) 28 (3.5) 

7.6.2.6 Habits associated with drink consumption 

Two hundred (25.3%) out of 792 subjects consumed acidic drinks such as carbonated 

drinks, squashes, and fruit juices at bedtime, with 27.3% of boys consuming acidic drinks 

at bedtime compared with 23.2% of girls while 74.7% of the subjects reported they did 

not consume these drinks at bedtime (Table 7.5).  However, the difference between the 

boys and girls was not statistically significant (p= 0.220).   

Table 7.5: Consumption of acidic drinks (carbonated drinks, squash, fruit juices) at bedtime 
in 12 year-old Libyan children by gender.

Drinking of carbonated drinks, squashes, fruit juices at bedtime 
Gender 

 
Yes 

N (%) 
No 

N (%) 
Male 108 (27.3) 288 (72.7) 

Female   92 (23.2) 304 (76.8) 
Total 200 (25.3) 592 (74.7) 

7.6.3 Dietary patterns and habits associated with dental erosion  

7.6.3.1 Frequency of consumption of acidic foods 

When subjects were asked how often they ate fresh fruits other than bananas each day, 

25%, 20%, 55% of the subjects claimed consumption of fruits, more than one per day, 

once per day, less than one per day, respectively, with statistically significantly more boys 

than girls consuming fruit (Pearson Chi-Square; p= 0.016) (Table 7.6).   
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7.6.3.2 Consumption of sugared and sugar-free gum 

The habit of chewing gum once or more than once a day was reported by 93.7% of the 

subjects; the majority (89.9%) chewed sugared gum, only 3.8% chewed sugar free gum.  

While there was no significant gender difference in having the habit of chewing gum 

(Pearson Chi-Square; p= 0.086), girls chewed gum significantly more frequently than 

boys (Pearson Chi-Square; p= 0.022) (Table 7.6).   

Table 7.6: Frequency of consumption of fruits other than bananas, chewing gum and oral 
hygiene practice by gender in 12 year-old schoolchildren.

 Male 
N (%) 

Female 
N (%) 

Total 
N (%) 

P (Pearson Chi-
Square)  
M v F1

Frequency of fruit consumption  
>4/day  

>2-4/day 
2/day 
1/day 

<1/day 
 

Frequency of chewing gum 
>1/day 
1/day 
Never 

 
Frequency of tooth brushing 

>2/day 
2/day 
1/day 

<1/day 

 
19 (4.8) 
32 (8.1) 

63 (15.9) 
78 (19.7) 

204 (51.5) 
 
 

93 (23.5) 
271 (68.4) 

32 (8.1) 
 
 

46 (11.6) 
156 (39.4) 

79 (19.9) 
115 (29.0)

 
12 (3.0) 
13 (3.3) 

55 (13.9) 
83 (21.0) 

233 (58.8) 
 
 

120 (30.3) 
258 (65.2) 

18 (4.5) 
 
 

62 (15.7) 
160 (40.4) 

76 (19.2) 
98 (24.7)

 
31 (3.9) 
45 (5.7) 

118 (14.9) 
161 (20.3) 
437 (55.2) 

 
 

213 (26.9) 
529 (66.8) 

50 (6.3) 
 
 

108 (13.6) 
316 (39.9) 
155 (19.6) 
213 (26.9) 

0.016* 

 

 

 

 

0.022* 

 

 

0.280 

    1Male versus female      *Statistically significant at p<0.05 

7.6.4 Medication and health-related questions 

When subjects were asked if they took vitamin C supplements, 722 (91.2%) of the 

subjects reported non-use.  Only 8.8% (70) of subjects took vitamin C; 6.6% (52) as 

liquid, 2.0% (16) as a tablet swallowed whole and 0.3% (2) as a chewable tablet.  

Significantly more boys (13.4%) than girls (4.3%) took vitamin C (Fisher’s Exact Test; 

p= 0.001).  The prevalence of reported chronic health problems such asthma, diabetes, 
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acid taste in the mouth, heart burn, regular stomach upsets was 4.7% (37), 0.6% (5), 8.2% 

(65), 21.3% (169), 13% (103), respectively.  The most common chronic health problems 

reported by children were heart burn (21.3%) and regular stomach upsets (13.0%).  The 

difference in gender was not statistically significant except for regular stomach upsets; 

girls (16.2%) suffered more of these than boys (9.8%) (Fisher’s Exact Test; p= 0.011).   

7.6.5 Oral habits and attitude-related questions  

The most commonly reported frequency of tooth brushing was twice a day (39.9%), 

followed by less than once a day (26.9%), once a day (19.6%) and more than two times a 

day (13.6%).  There was no significant gender difference (Pearson Chi-Square; p= 0.280) 

(Table 7.6).  When subjects asked if they had the habit of brushing their teeth after 

consuming any of the following: carbonated drinks, squashes, fruit juices, the majority 

(83.7%) did not brush their teeth after consumption of these drinks.  The gender 

difference was not statistically significant (Fisher’s Exact Test; p= 0.248).  The majority 

of subjects (57.4%) claimed they knew the brand of the toothpaste they were using at the 

time of questionnaire survey, while 95.6% of the children reported that they never used a 

fluoride mouthwash, or fluoride tablets, and 490 (61.9%) had previously attended a 

dentist.  

7.6.6 Habit of clenching or grinding the teeth 

Only 13.5% (107) of the subjects reported the habit of clenching or grinding their teeth, 

while 69.2% (548) did not and 17.3% (137) did not know if they had the habit.  However, 

there was no statistically significant difference between genders (Pearson Chi-Square; p= 

0.353).   
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7.6.7 Socio-economic status of children’s parents 

As Table 7.7 shows, for 51.4 % of children, their fathers had received higher education, in 

40.0 % their education was up to secondary school level, and in 8.5% it was up to 

elementary school level.  In 36.2%, 47.1% and 16.6 % of the subjects, the mother’s 

education was at higher, secondary and elementary level respectively.   

Table 7.7: Fathers’ and mothers’ education level.

Parents’ educational level Subjects Fathers 
N               % 

Mothers 
N             % 

Higher Postgraduate 

degrees/college 

Male 

Female 

Total 

200 

207 

407 

50.5 

52.3 

51.4 

150 

137 

287 

37.9 

34.6 

36.2 

Up to 

Secondary 

Intermediate 

school/Secondary 

school 

Male 

Female 

Total 

159 

158 

317 

40.1 

39.9 

40.0 

186 

187 

373 

47.0 

47.2 

47.1 

Up to 

Elementary 

Illiterate/Elementary 

school 

Male 

Female 

Total 

  37 

  31 

  68 

  9.4 

  7.8 

  8.5 

  60 

  72 

  132 

15.2 

18.2 

16.6 

7.6.8 Associations between consumption of acidic drinks  

There was a statistically significantly association (p= 0.001) with weak strength of 

association between consumption of fruit-based sugared drinks and sugared carbonated 

drinks, squash, sugared tea with milk, milk and fruits (Table 7.8).  

7.6.9 Clinically measured dental erosion and questionnaire  

Table 7.9 lists the acidic drinks categories as acidic sugared (including sugared 

carbonated, fruit-based sugared drinks, squash, sports drinks and natural unsweetened 

fruit juices) and acidic non-sugared (including non-sugared carbonated drinks and 

carbonated water).  Table 7.10 categorises the non-acidic drinks (sugared tea with milk, 
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flavoured milk and milk).  Intakes of acidic and non-acidic drinks were divided into 

“higher” (once per day and two or more times per day), “lower” (less than once per day) 

and “never” frequencies of consumption.  Table 7.11 shows acidic food (including fresh 

fruits) intake dichotomized into “higher” (daily intake of ≥ one portion per day) and 

“lower” (< one portion per day) frequency of consumption.   

Table 7.8: Relationship between frequency of consumption of fruit-based drinks and 
carbonated drinks, squash, tea with milk, milk and fruits (*Pearson Chi-Square; p<0.01).

Fruit-based sugared drinks 
Frequency >2/day 

N (%) 
2/day 
N (%) 

1/day 
N (%) 

<1/day 
N (%) 

Never 
N (%) 

Total 
N  

P* 

Sugared 
carbonated drinks 

>2/day 
>1/day 
1/day 

<1/day 
Never 
Total 

 
 

13 (28.9) 
6 (13.3) 

11 (24.4) 
13 (28.9) 
2 (4.40) 

45 (100) 

 
 

13 (14.0) 
13 (14.0) 
13 (14.0) 
51 (54.8) 
3 (3.20) 

93 (100) 

 
 

19 (8.50) 
23 (10.3) 
49 (22.0) 

121 (54.3) 
11 (4.90) 

223 (100) 

 
 

6 (1.60) 
23 (6.10) 
47 (12.6) 

291 (77.8) 
7 (1.90) 

374 (100) 

 
 

3 (5.30) 
4 (7.00) 
8 (14.0) 

37 (64.9) 
5 (8.80) 

57 (100) 

 
 

54 
69 

128 
513 
28 

792 

0.001* 
 

Squash 
>2/day 
>1/day 
1/day 

<1/day 
Never 
Total 

 
13 (28.9) 
4 (8.90) 
8 (17.8) 

16 (35.6) 
4 (8.90) 

45 (100) 

 
8 (8.60) 

15 (16.1) 
21 (22.6) 
34 (36.6) 
15 (16.1) 
93 (100) 

 
12 (5.40) 
8 (3.60) 

62 (27.8) 
97 (43.5) 
44 (19.7) 

223 (100) 

 
7 (1.90) 

14 (3.70) 
47 (12.6) 

247 (66.0) 
59 (15.8) 

374 (100) 

 
1 (1.80) 
1 (1.80) 

16 (28.1) 
26 (45.6) 
13 (22.8) 
57 (100) 

 
41 
42 

154 
420 
135 
792 

0.001* 

Sugared tea with 
milk 

>2/day 
>1/day 
1/day 

<1/day 
Never 
Total 

 
 

9 (20.0) 
4 (8.90) 

14 (31.1) 
4 (8.90) 

14 (31.1) 
45 (100) 

 
 

14 (15.1) 
8 (8.60) 

47 (50.5) 
8 (8.60) 

16 (17.2) 
93 (100) 

 
 

15 (6.70) 
20 (9.00) 

112 (50.2) 
31 (13.9) 
45 (20.2) 

223 (100) 

 
 

13 (3.50) 
33 (8.80) 

208 (55.6) 
48 (12.8) 
72 (19.3) 

374 (100) 

 
 

1 (1.80) 
6 (10.5) 

33 (57.9) 
7 (12.3) 

10 (17.5) 
57 (100) 

 
 

52 
71 

414 
98 

157 
792 

0.001* 

Milk 
>2/day 
>1/day 
1/day 

<1/day 
Never 
Total 

 
13 (28.9) 
7 (15.6) 

11 (24.4) 
5 (11.1) 
9 (20.0) 

45 (100) 

 
13 (14.0) 
18 (19.4) 
31 (33.3) 
10 (10.8) 
21 (22.6) 
93 (100) 

 
23 (10.3) 
32 (14.3) 
85 (38.1) 
41 (18.4) 
42 (18.8) 

223 (100) 

 
18 (4.80) 
30 (8.00) 

135 (36.1) 
81 (21.7) 

110 (29.4) 
374 (100) 

 
5 (8.80) 
4 (7.00) 

32 (56.1) 
4 (7.00) 

12 (21.1) 
57 (100) 

 
72 
91 

294 
141 
194 
792 

0.001* 

Fruits 
>4/day 
2-4/day 
>1/day 
1/day 

<1/day 
Total 

 
10 (22.2) 
8 (17.8) 
7 (15.6) 
5 (11.1) 

15 (33.3) 
45 (100) 

 
8 (8.60) 
8 (8.60) 

22 (23.7) 
22 (23.7) 
33 (35.5) 
93 (100) 

 
7 (3.10) 

15 (6.70) 
40 (17.9) 
70 (31.4) 
91 (40.8) 

223 (100) 

 
6 (1.60) 
9 (2.40) 

36 (9.60) 
55 (14.7) 

268 (71.7) 
374 (100) 

 
0 (00.0) 
5 (8.80) 

13 (22.8) 
9 (15.8) 

30 (52.6) 
57 (100) 

 
31 
45 

118 
161 
437 
792 

0.001* 
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7.6.9.1 Dental erosion and its association with acidic drinks  

Fruit-based sugared drinks, sugared carbonated drinks and squashes were the most 

common drinks consumed by the children.  Statistically significant negative associations 

were observed between the experience of erosion and the frequency of consumption of 

sport drinks and carbonated water while a statistically significant positive association was 

observed between the experience of erosion and the frequency of consumption of fruit-

based sugared drinks.   

Of 323 subjects who had experience of dental erosion; 39.6% consumed fruit-based 

sugared drinks with frequency less than once per day, 52.3% consumed the drink with a 

frequency of one or more than once per day and 8.1% reported they never consume fruit-

based drinks.  This was a statistically significant positive association (p= 0.006, Odds 

Ratio1.498, 95% CI 1.124, 1.996) although the strength of the association was weak 

(contingency coefficient = 0.098).  Of 323 subjects who had experience of dental erosion; 

6.2% reported consumption of sports drinks less than once a day, four subjects (1.2%) 

reported consumption with frequency one or more a day and 92.6% reported never 

consume sport drinks, this association was statistically significant negative (p< 0.01) and 

weak (contingency coefficient = 0.101).  Of 323 subjects who had experience of dental 

erosion; 12.7% reported consumption of carbonated water with frequency less than once 

per day, five subjects (1.5%) reported the frequency once or more than once a day, this 

association was statistically significant negative (p< 0.05) and weak (contingency 

coefficient = 0.110).  When the association between the experience of erosion (Yes/No) 

and frequency of consumption of acidic drinks was assessed, no statistically significant 

associations were observed for sugared carbonated drinks, sugars-free carbonated drinks, 

squashes and natural unsweetened fruit juices (Table 7.9).   
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Table 7.9: Relationships between the number (N) and (%) of subjects with (n = 323, 40.8%) 
and without experience of erosion (n = 468, 59.2%), and the frequency of consumption of 
acidic drinks, categorised by the type of acidic drinks consumed. 

Experience of erosion 
n =791 

 
Acidic drinks 

Yes 
N (%) 

No 
N (%) 

Total 
N  

 
P1

Contingency 
Coefficient 

 
+/-2

Sugared carbonated 
drinks 
Never  
<1/day  
≥1/day  
Total 

Fruit-based sugared 
drinks 
Never  
<1/day  
≥1/day  
Total 

Squashes 
Never  
<1/day  
≥1/day  
Total 

Sports drinks 
Never 
<1/day  
≥1/day  
Total 

Non-sugared carbonated 
drinks 
Never  
<1/day  
≥1/day  
Total 

Natural unsweetened fruit 
juices 
Never  
<1/day  
≥1/day  
Total 

Carbonated water 
Never 
<1/day  
≥1/day  
Total 

 
11 (3.40) 

210 (65.0) 
102 (31.6) 
323 (100) 

 
 26 (8.10) 

128 (39.6) 
169 (52.3) 
323 (100) 

 
 47 (14.6) 

188 (58.2) 
 88 (27.2) 
323 (100) 

 
299 (92.6) 
  20 (6.20) 
   4 (1.20) 
323 (100) 

 
 

296 (91.6) 
  19 (5.90) 
   8 (2.50) 
323 (100) 

 
 

282 (87.3) 
  23 (7.10) 
 18 (5.60) 
323 (100) 

 
277 (85.8) 
 41 (12.7) 
   5 (1.50) 
323 (100) 

 
 17 (3.60) 

302 (64.5) 
149 (31.8) 
468 (100) 

 
  31 (6.60) 
232 (49.6) 
205 (43.8) 
468 (100) 

 
  88 (18.8) 
232 (49.6) 
148 (31.6) 
468 (100) 

 
405 (86.5) 
  45 (9.60) 
  18 (3.80) 
 468 (100) 

 
 

417 (89.1) 
  33 (7.10) 
  18 (3.80) 
 468 (100) 

 
 

415 (88.7) 
  30 (6.40) 
  23 (4.90) 
468 (100) 

 
389 (83.1) 
  51 (10.9) 
  28 (6.00) 
468 (100) 

 
28 

512 
251 
791 

 
57 

360 
374 
791 

 
135 
420 
236 
791 

 
704 
65 
22 

791 
 
 

713 
52 
26 

791 
 
 

697 
53 
41 

791 
 

666 
92 
33 

791 

0.993 
 
 
 
 
0.006** 
 
 
 
 
0.979 
 
 
 
 
0.004** 

 
 
 
 
0.203 
 
 
 
 
 
0.572 
 
 
 
 
 
0.048* 

 
 
 
 
 

0.098 
 
 
 
 
 
 
 
 
 

0.101 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.110 
 

 
 
 
 
 

+ve 
 
 
 
 
 
 
 
 
 

-ve 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-ve 
 
 

    *Statistically significant at p< 0.05      **Statistically significant at p< 0.01         
   1p= Linear Association exact test         2Direction of association  

7.6.9.2 Dental erosion and its association with non-acidic drinks  

The consumption of non-acidic drinks was statistically significantly negatively associated 

with experience of dental erosion.  A statistically significant association was observed 
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between the consumption of sugared tea with milk and flavoured milk and experience of 

erosion (p< 0.05).  The proportion of subjects who had no evidence of erosion increased 

from 11.1% to 70.7% when the frequency of sugared tea with milk consumption increased 

from less than once per day to one or more per day.  This was a statistically significant 

negative association (p< 0.05).  The proportion of subjects with experience of erosion was 

13.9% when the consumption frequency of flavoured milk was once or more than once a 

day and increased to 38.4% when the consumption frequency was less than once a day 

and to 47.7% with no consumption of flavoured milk.  This was a statistically significant 

negative association (p< 0.05) (Table 7.10).   

Table 7.10: Relationships between the number (N) and proportion (%) of subjects with (323, 
40.8%) and without experience (468, 59.2%) of erosion, and the frequency of consumption 
of non-acidic drinks, categorised by non-acidic drinks consumed.

Experience of erosion 
(n =791) 

 
Total 

 
Non-acidic drinks 

Yes  
N (%) 

No 
N (%) 

 
N  

 
P1  

Contingency 
Coefficient 

 
+/-2

Sugared tea with milk 
Never 
<1/day 
≥1/day 
Total 

 
Flavoured milk 

Never 
<1/day 
≥1/day 
Total 

 
Milk 
Never 
<1/day 
≥1/day 
Total 

 
  72 (22.3) 
  46 (14.2) 
205 (63.5) 
323 (100) 

 
 

154 (47.7) 
124 (38.4) 
  45 (13.9) 
232 (100) 

 
 

81 (25.1) 
  67 (20.7) 
175 (54.2) 
323 (100 ) 

 
85 (18.2) 
52 (11.1) 

331 (70.7) 
468 (100) 

 
 

202 (43.2) 
171 (36.5) 

95 (20.3) 
468 (100) 

 
 

113 (24.2) 
74 (15.8) 

281 (60.0) 
468 (100) 

 
157 
98 

536 
791 

 
 

356 
295 
140 
791 

 
 

194 
141 
456 
791 

0.032* 
 
 
 
 
 
0.043* 
 
 
 
 
 
0.266 

 

0.076 
 
 
 
 
 

0.082 

-ve 
 
 
 
 
 

-ve 
 
 

 *Statistically significant at p< 0.05       1p= Linear Association exact test     2Direction of association         
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7.6.9.3 Dental erosion and its association with tap and bottled water 

consumption   

Of the total sample of 791 subjects, 235 reported tap water consumption, of those 138 

subjects (29.5%) had no evidence of dental erosion and 97 subjects (30%) had dental 

erosion.  Of 115 subjects with a reported consumption of bottled water; 58 (12.4%) had 

no evidence of clinical dental erosion and 57 (17.6%) had erosion.  Of the 441 subjects 

who reported the consumption of both waters; 272 (58.1%) had no evidence of erosion, 

169 (52.3%) had dental erosion.  However, the association was not statistically significant 

(p= 0.091) (Appendix 7.1).   

7.6.9.4 Dental erosion and its association with fruit consumption 

Of 323 subjects who had experience of dental erosion; 98.5% consumed fruit (excluding 

bananas and fruit juices) less than once per day and 1.5% consumed fruit once or more 

per day.  This association was statistically significant (p= 0.002), but weak (contingency 

coefficient = 0.108) (Table 7.11).   

7.6.9.5 Dental erosion and its association with chewing sugared-gum 

Of 323 subjects who had experience of dental erosion; 26.9% chewed gum with a 

frequency of more than once a day and 69.7% chewed gum once per day (p= 0.169) 

(Table 7.11).   
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Table 7.11: Relationships between the number (N) and proportion (%) of subjects with and 
without experience of dental erosion and the frequency of consuming fruits (other than 
bananas), chewing gum and tooth brushing.

Experience of erosion Frequency 
Yes 

N (%) 
No 

N (%) 

 
Total 

N 

 
P1

Contingency 
Coefficient 

+/-2

 

consumption of fruit 
≥1/day 
<1/day 
Total 

chewing gum 
>1/day 
1/day 
Never 
Total 

tooth brushing 
≥2/day 
1/day 

<1/day 
Total 

 
5 (1.50) 

318 (98.5) 
323 (100) 

 
87 (26.9) 

225 (69.7) 
11 (3.40) 

323 (100) 
 

177 (54.8) 
59 (18.3) 
87 (26.9) 

323 (100) 

 
28 (6.00) 

440 (94.0) 
468 (100) 

 
125 (26.7) 
313 (66.9) 

30 (6.40) 
468 (100) 

 
246 (52.6) 

96 (20.5) 
126 (26.9) 
468 (100) 

 
33 

758 
791 

 
212 
538 
41 

791 
 

423 
155 
213 
791 

0.002* 

 

 

 0.169 

 

 

0.720 

0.108 -ve 

    *Statistically significant at p< 0.01     1p= Linear Association exact test        2Direction of association      

7.6.9.6 Dental erosion and its association with length of time taken to 

consume acidic drinks 

Dental erosion was statistically significantly positively associated with the length of time 

taken to consume acidic drinks.  Of subjects who had evidence of erosion; 24.8% had the 

habit of drinking drinks straightaway compared with 75.2% who made drinks last up to 15 

minutes or more than 15 minutes.  The experience of erosion was higher amongst subjects 

who made the drink last up to 15 minutes or more.  This association was statistically 

significant (p= 0.005, OR 1.593, 95% CI 1.161, 2.186) (Table 7.12).   

Table 7.12: Relationship between the number (N) and proportion (%) of subjects with and 
without experience of dental erosion and length of time taken to consume drinks. 

Experience of erosion 

Yes No Total 

 
Length of time taken 

to consume drinks  
N (%) N (%) N 

P 
(Fisher’s 

exact 
test) 

OR 
(Odds 
Ratio) 

95% CI 
(Confidence 

Interval) 
Lower Upper 

Drink it straight away 

≥ 15 minutes 

Total 

80 (24.8) 

243 (75.2) 

323 (100) 

161 (34.4) 

307 (65.6) 

468 (100) 

241 

550 

791 

0.005* 1.593 1.161, 2.186 

   *Statistically significant at p< 0.01   
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7.6.9.7 Dental erosion and its association with bedtime acidic-drinks 

consumption  

When the habit of consumption of acidic drinks at bedtime was associated with the 

experience of dental erosion, unexpected results were observed.  Of subjects who had 

experience of dental erosion, 26.3% reported the habit of consuming acidic drinks at 

bedtime compared with 73.7% who did not.  But the observed association was not 

statistically significant (Fisher's exact test; p= 0.618, OR= 0.912, 95% CI 0.659, 1.262) 

(Table 7.13).   

7.6.9.8 Dental erosion and its association with tooth brushing after 

consuming acidic drinks 

The majority of subjects (83.7%) did not brush their teeth after consuming acidic drinks.  

There was no association between this habit and dental erosion (Fisher’s exact test; p= 

0.283, OR= 1.247, 95% CI 0.844, 1.843) (Table 7.13).    

Table 7.13: Significance of associations (P, OR and 95% CI) between the number (N) and 
proportion (%) of subjects with and without experience of dental erosion and consumption 
of bedtime acidic drinks and tooth brushing after consumption of acidic drinks.

 
Experience of erosion 

95% CI 
(Confidence 

Interval) 
Yes No Total

 
 

N (%) N (%) N  

P 
(Fisher’s 

exact 
test) 

OR 
(Odds 
Ratio) 

Lower Upper 

Consumption of bedtime 
acidic drinks 

Yes 
No 

Total 
 

Tooth brushing after 
consumption of acidic drinks 

Yes 
No 

Total 

 
 

85 (26.3) 
238 (73.7) 
323 (100) 

 
 
 

47 (14.6) 
276 (85.4) 
323 (100)

 
 

115 (24.6) 
353 (75.4) 
468 (100) 

 
 
 

82 (17.5) 
386 (82.5) 
468 (100)

 
 

200 
591 
791 

 
 
 

129 
662 
791 

0.618 

 

 

 

0.283 

0.912 

 

 

 

1.247 

0.659, 1.262 

 

 

 

0.844, 1.843 
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7.6.9.9 Dental erosion and its association with oral hygiene practices 

The associations between the experience of dental erosion and number of times subjects 

brushed their teeth were not statistically significant (p= 0.720) (Table 7.11).   

7.6.9.10 Dental erosion and its association with parents’ education 

Dental erosion was more prevalent among subjects whose mothers were educated up to 

secondary school or had a university degree or beyond than in subjects whose mothers 

who were illiterate.  A similar trend was observed for the educational level of fathers, 

with the highest proportion of subjects with erosion observed amongst those fathers with a 

university degree or beyond.  None of these differences however, were statistically 

significant (Table 7.14).   

Table 7.14: Relationship between the number (N) and proportion (%) of subjects with and 
without erosion experience and parents’ education level.

experience of erosion  

Parents’ education 

Total 
number of 

subjects Yes 
N (%) 

No 
N (%) 

P (Linear 
Association 
exact test) 

Level of mother’s education 

Illiterate 
 

Up to secondary school1  
 

Higher2

 
Total 

 
Level of father’s education 

 
Illiterate 

 
Up to secondary school1  

 
Higher2

 
Total 

 

51                17 (5.30)                   34 (7.30) 
 

454              181 (56.0)                 273 (58.3) 
 

286              125 (38.7)                 161 (34.4) 
 

 791               323 (100)                  468 (100) 
 
 

 
17                 7 (2.20)                   10 (2.10) 

 
367              144 (44.6)                223 (47.6) 

 
407              172 (53.3)                235 (50.2) 

 
791               323 (100)                 468 (100) 

0.130 

 

 

 

 

 

0.443 

   1Elementary school and intermediate school      2College/postgraduate    
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7.6.10 Dental caries  

7.6.10.1 Dental caries and its association with frequency of sugared-acidic 

drinks consumption  

When the association between experience of dental caries and frequency consumption of 

fruit-based sugared drinks was tested, the proportion of subjects who had evidence of 

dental caries increased with increasing the frequency of fruit-based sugared drinks 

consumption.  This was statistically significant positive but weak association (p< 0.01) 

(contingency coefficient = 0.107).   

There were no statistically significant associations between experience of dental caries 

and frequency of consumption of acidic drinks such as sugared carbonated drinks, squash, 

sports drinks, sugar-free carbonated drinks, and natural unsweetened fruit juices (Table 

7.15).   

7.6.10.2 Dental caries and its association with frequency of non-acidic 

drinks consumption  

There was no statistically significant association between the proportion of subjects who 

had evidence of dental caries and frequency of consumption of sugared tea with milk, 

flavoured milk and milk (Table 7.15).   

7.6.10.3 Dental caries and its association with the consumption of water 

There was no statistically significant difference in the proportion of subjects who drank 

tap, bottled or both waters with or without dental caries (p= 0.146) (Appendix 7.2).   
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7.6.10.4 Dental caries and its association with the habit of having bedtime 

sugared-acidic drinks 

Of the 457 subjects who had experience of dental caries; 24.9% reported the habit of 

consumption of acidic drinks at bedtime compared with 75.1% did not.  However, the 

observed difference was not statistically significant (Fisher’s exact test; p= 0.804, OR= 

1.043, 95% CI 0.755, 1.443) (Appendix 7.3).   

7.6.10.5 Dental caries and its association with oral hygiene practices  

There was no statistically significant association between the experience of dental caries 

and frequency of tooth brushing (p= 0.251) (Appendix 7.4).   

7.6.10.6 Dental caries and its association with parents’ education 

The highest proportion of subjects without caries experience observed amongst those 

mothers who were educated up to secondary school or beyond than in subjects whose 

mothers were illiterate, although this difference was not statistically significant (p= 

0.924).   

Regarding fathers’ educational level, the highest proportion of subjects without caries 

experience observed amongst those fathers who were educated up to secondary school 

(41.6%) or beyond (56.6%) than in subjects whose fathers were illiterate (1.8%) and this 

was statistically significant negative association (p= 0.015).  Overall, the experience of 

caries decreased with increasing affluence and higher parents’ education levels (Table 

7.16).   
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Table 7.15: Relationships between the number (N) and proportion (%) of subjects with (n= 
457, 57.8%) and without experience of dental caries (n= 334, 42.2%), and the frequency of 
consumption of drinks, categorised by the type of drinks consumed. 

Experience of caries 
(n = 791) 

Type of drinks 
 
 Yes 

N (%) 
No 

N (%) 

 
Total 

N 

P (Linear Association 
exact test) 

Sugared carbonated drinks 
Never 
<1/day 
≥1/day  
Total 

Fruit-based sugared drinks 
Never 
<1/day 
≥1/day 
Total 

Squashes 
Never 
<1/day 
≥1/day 
Total 

Sports drinks 
Never 
<1/day 
≥1/day 
Total 

Non-sugared carbonated drinks 
Never 
<1/day 
≥1/day 
Total 

Natural unsweetened fruit juices 
Never 
<1/day 
≥1/day 
Total 

Sugared tea with milk 
Never 
<1/day 
≥1/day 
Total 

Flavoured milk 
Never 
<1/day 
≥1/day 
Total 
Milk 

Never 
<1/day 
≥1/day 
Total 

 
17 (3.70) 

301 (65.9) 
139 (30.4) 
457 (100) 

 
30 (6.60) 

198 (43.3) 
229 (50.1) 
457 (100) 

 
74 (16.2) 

253 (55.4) 
130 (28.4) 
457 (100) 

 
418 (91.5) 

30 (6.60) 
9 (2.00) 

457 (100) 
 

422 (92.3) 
22 (4.8) 

13 (2.80) 
457 (100) 

 
408 (89.3) 

26 (5.70) 
23 (5.00) 

457 (1000 
 

98 (21.4) 
51 (11.2) 

308 (67.4) 
457 (100) 

 
206 (45.1) 
168 (36.8) 

83 (18.2) 
457 (100) 

 
114 (24.9) 

82 (17.9) 
261 (57.2) 
457 (100) 

 
11 (3.30) 

211 (63.2) 
112 (33.5) 
334 (100) 

 
27 (8.10) 

176 (52.7) 
131 (39.2) 
334 (100) 

 
61 (18.3) 

167 (50.0) 
106 (31.7) 
334 (100) 

 
286 (85.6) 

35 (10.5) 
13 (3.90) 

334 (100) 
 

291 (87.1) 
30 (9.00) 
13 (3.90) 

334 (100) 
 

289 (86.5) 
27 (8.10) 
18 (5.40) 

334 (100) 
 

59 (17.17) 
47 (14.1) 

228 (68.3) 
334 (100) 

 
150 (44.9) 
127 (38.0) 

57 (17.1) 
334 (100) 

 
80 (24.0) 
59 (17.7) 

195 (58.4) 
334 (100) 

 
28 

512 
251 
791 

 
57 

374 
360 
791 

 
135 
420 
236 
791 

 
704 
65 
22 

791 
 

713 
52 
26 

791 
 

697 
53 
41 

791 
 

157 
98 

536 
791 

 
356 
295 
140 
791 

 
194 
141 
456 
791 

0.347 
 
 
 
 

0.002* 
 
 
 
 

0.801 
 
 
 
 

0.050 
 
 
 
 

0.050 
 
 
 
 

0.384 
 
 
 
 

0.422 
 
 
 
 

0.862 
 
 
 
 

0.709 
 
 
 

    *Statistically significant at p< 0.01  
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Table 7.16: Relationship between the number (N) and proportion (%) of subjects with and 
without caries experience and parents’ education level (p= Linear Association exact test).

experience of caries  

Parents’ education 

Total 
number 

of 
subjects 

Yes 
N (%) 

No 
N (%) 

 
P  

Contingency  
coefficient 

Direction 
of 

association
+/- 

Level of mother’s education 

Illiterate 

Up to secondary school1

Higher2

Total 

Level of father’s education 

Illiterate 

Up to secondary school1

Higher2

Total 

 

   51         31 (6.80)      20 (6.00) 

 454       260 (56.9)    194 (58.1) 

 286       166 (36.3)    120 (35.9) 

 791       457 (100)     334 (100) 

 

17        11 (2.40)        6 (1.80) 

 367      228 (49.9)    139 (41.6) 

407      218 (47.7)    189 (56.6) 

 791       457 (100)     334 (100) 

0.924 

 

 

 

 

0.015* 

 

 

 

 

 

0.088 

 

 

 

 

 

-ve 

*Statistically significant at p< 0.05    1Elementary school and intermediate school    2College/postgraduate  

7.7 Discussion 

7.7.1  Design and completion of the questionnaire 

The questionnaire was based on the questionnaire used in the oral health component of the 

UK National Diet and Nutrition Survey (NDNS) (Walker et al., 2000), designed to be 

applicable to 12-year-old schoolchildren.  The questionnaire and the answering process 

were simple, easy, and understandable to 12 year-old schoolchildren and there were no 

reported difficulties in completing it.  The questionnaire was not long; it consisted of 27 

questions asking the subject to write a number in a box to the right of the sheet (Appendix 

5.5). It was piloted in the UK to test content and face validity and to obtain any comments 

regarding the questionnaire.  Arabic speaking children not involved in the study were 

asked to complete the questionnaire.  During schools visits, copies of questionnaires were 

prepared and distributed for completion and collection on the same day.  Instructions were 

given to the subjects by the researcher to help them to understand the questions where 
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required. The researcher explained also the importance of honest answers and that 

answers and names would remain confidential.  It took approximately 30-50 minutes for a 

child to complete the questionnaire.   

7.7.2 Acidic drinks consumption 

The most popular drinks consumed were fruit-based sugared drinks, then sugared 

carbonated drinks and thirdly squash.  Of the subjects, 96.5% consumed sugared 

carbonated drinks.  This figure is similar to the 97% reported in a Brazilian schoolchildren 

study (Waterhouse et al., 2008) but higher than in UK studies (Walker et al., 2000; Al-

Dlaigan et al., 2001b; Dugmore and Rock, 2004b).  The proportions of subjects reporting 

consumption of carbonated drinks and fruit-based sugared drinks with a frequency of once 

per day in the present study were 16.2% and 28.2% respectively.  These figures are higher 

than figures for 11-14 year-old children in the UK at 13% and 15%, respectively (Walker 

et al., 2000).  However, in the present study, sugared carbonated drinks were consumed 

more than once a day by only 8.7% of the total sample while a higher proportion (17%) 

was reported by Waterhouse et al. (2008).  In general, in the present study, 28.3% of the 

subjects consumed soft drinks more than once a day, this figure is higher than the 21% 

reported for 12 year-olds in Iraq (Ahmed et al., 2007).  The reason for high drinks 

consumption could be the high day-time temperature especially in summer and also the 

availability of these drinks at a relatively low cost.  Conversely, in the present study the 

majority never consumed non-sugared carbonated drinks, sports drinks, natural 

unsweetened fruit drinks, and carbonated water (90.2%, 89%, 88% and 84%) respectively.  

In the present study, sport drinks were consumed by only 11% of the subjects, while a 

higher figure (44%) has been reported by Al-Dlaigan et al. (2001b) for 14 year-old British 

children.  In addition, in the present study, boys consumed more acidic drinks than girls 
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and the same pattern of gender difference was reported in UK studies (Al-Dlaigan et al., 

2001b; Milosevic et al., 2004).  In the present study, 200 (25.3%) out of 792 subjects 

consumed acidic drinks such as carbonated drinks, squashes, and fruit juices at bedtime; a 

figure similar to the proportion of 12-14 year-old Saudi Arabian schoolchildren 

consuming carbonated drinks at night (27%) (Al-Majed et al., 2002), but much higher 

than the 4.8% of 12-14 year-old Brazilian schoolchildren consuming acidic drinks at 

bedtime (Waterhouse et al., 2008).  When asked about the length of time they took to 

drink a soft drink, the majority (61.6%) claimed they made the drinks last up to 15 

minutes; higher than the 26.3% reported for 12-14 Brazilian children (Auad, 2006).  In the 

present study 30.4% reported they consumed the drinks straight away; lower than  the 

64% and 67% reported for 11-14 year-olds in the UK and for 12-14 year-old Brazilian 

children, respectively (Walker et al., 2000; Auad, 2006).  Boys consumed their drinks 

straight away more frequently than girls (P= 0.001) and this followed a similar pattern 

reported for 12 year-old Iraqi schoolchildren (Ahmed et al., 2007), while in the present 

study girls made their drinks last up to 15 minutes more frequently than boys (p= 0.001).   

7.7.3 Consumption of non-acidic drinks 

The most popular non acidic drinks consumed were sugared tea with milk, milk, and 

flavoured milk consumed by 80.3%, 75.5% and 55% of subjects respectively.  In contrast, 

in a UK study, milk was consumed by 71 % of 418 14 year-old children (Al-Dlaigan et 

al., 2001b).  These dietary related factors are in accordance with findings of other studies 

(Johansson et al., 1996; Al-Majed et al., 2002; Ahmed et al., 2007).  Consumption of 

sugared tea with milk once or more than once per day was more frequent in boys than in 

girls, similar to findings reported by Ahmed et al. (2007).   
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7.7.4 Acidic food consumption 

In this study, fruits other than bananas were consumed by only 6% of the Libyan subjects 

with a frequency of two to four portions per day, the majority of subjects consuming one 

or less than one portion per day.  This is below the current dietary guidelines which 

recommend at least five portions of fruits and vegetables per day (WHO, 2003), although 

the present study did not measure the frequency of vegetable consumption.  These fruits 

were consumed by 14.9% of the subjects with a frequency of once per day, higher than 

5% and 3% of 11-14 year-olds consuming apples and citrus fruits with same frequency in 

the UK (Walker et al., 2000), and higher than the 10% reported for 14 year-olds in the UK 

by Al-Dlaigan et al. (2001b).  On the other hand, in the present study, fruits consumed by 

9.6% of the subjects with a frequency of two or more per day is lower than the 18% of 

subjects who consumed with the same frequency in Brazil (Auad, 2006).  Regarding 

acidic food consumption, boys also had a higher intake of fruits than girls at frequencies 

more than one per day, but girls had a higher intake of fruits at frequencies once or less 

per day.  This contrasts with previous findings from a UK based study where girls had a 

greater overall intake of fruits than boys (Al-Dlaigan et al., 2001b).   

7.7.5 Chronic medical conditions related to dental erosion 

In the present study, the proportion of children reporting chronic medical conditions was 

very low.  The most common chronic health problems reported by children were heart 

burn (21.3%) and regular stomach upsets (13%).  The 21.3% of subjects who reported 

suffering from heart burn, is half the proportion of subjects (46%) who suffered from the 

same condition in a UK study (Bartlett et al., 1998), and double the proportion found in a 

Brazilian study, 12% (Auad, 2006).  The 13% who regularly suffered with stomach 

upsets, represents a much higher proportion than that found in the UK study (3%) 
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(Milosevic et al., 2004).  Of the subjects, 8.2% suffered from acid taste in the mouth; 

lower than the 15% reported for 14 year-old children in the UK by Milosevic et al. 

(2004).  Only 4.7% of children in the present study suffered from asthma, slightly higher 

than the prevalence found in Brazilian subjects (3.3%) (Auad, 2006) and lower than the 

16% found  in the UK studies by Walker et al. (2000) and Milosevic et al. (2004).  Of the 

subjects, only 0.6% suffered with diabetes; a proportion slightly higher than that reported 

in a UK study (0.3%) (Milosevic et al., 2004).   

7.7.6 Overall oral health habits and attitudes 

Only 40% of the subjects claimed they brushed their teeth twice a day.  Although this 

figure is higher than the 19.7% reported in a Saudi Arabian study (Al-Majed et al., 2002) 

it is lower than the 55.6% reported in Portugal (Almeida et al., 2003), 60% reported in 

UK study (Al-Dlaigan et al., 2002a), and the 69% reported by Al-Omiri et al. (2006).  An 

even higher proportion of subjects have reported twice daily tooth brushing in other 

studies; 70% by Yabao et al. (2005), 72% by White et al. (2006) and 78% by Milosevic et 

al. (2004).  Twenty percent of subjects brushed their teeth once a day, similar to the 19% 

reported by Milosevic et al. (2004) in the UK, but lower than the 25% reported by Al-

Dlaigan et al. (2002a) in the UK, and 63% reported by Ahmed et al. (2007) in Iraq.   

In the present study, 12% brushed their teeth more than twice per day, similar to the 12% 

reported in the UK study (Al-Dlaigan et al., 2002a).  Regular tooth brushing was reported 

more frequently for girls than boys, showing a similar pattern to that reported in a 

Jordanian study (Taani, 2004), UK study (Al-Dlaigan et al., 2002a) and a Iraqi study 

(Ahmed et al., 2007).  Only 4.4% of the subjects used fluoride mouthwash, or fluoride 

tablets, this may be because tap drinking water in Benghazi is fluoridated.  Of subjects, 

61.9% had visited a dentist before.  This figure was slightly higher than that (57.8%) 
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reported by Jamieson et al. (2004) for Fijian children, and lower than the 74% reported 

for UK 14 year-olds by Al-Dlaigan et al. (2002a).   

7.7.7  Socio-economic factors  

In Libya, there is no governmental classification of areas based upon socioeconomic 

information.  For this reason, the parents’ education level was used to assess the 

socioeconomic status of the subjects.  Of the total sample, 51.4% and 36.2% reported a 

higher (collage/postgraduate) education level of their fathers and mothers, respectively.  

And 40% and 47% were up to secondary school level for fathers and mothers, 

respectively.  Only 9% and 17% of the fathers’ and mothers’ education respectively, were 

up to elementary level.  This sample is representative of Benghazi; further research is 

needed to test the parent’s education level as a proxy measure of socioeconomic status 

and experience of dental erosion in different regions in Libya.   

7.7.8 Dental erosion and its association with acidic drinks  

In the present study, intakes of acidic and non-acidic drinks were divided into “higher” 

(once per day, two or more times per day), “lower” (less than once per day) and “never” 

frequencies of consumption.  Intake of acidic foods was dichotomized into “higher” (daily 

intake of ≥ one portion per day) and “lower” (< one portion per day) frequency of 

consumption; a similar method was used by Waterhouse et al. (2008).  In the present 

study there was a statistically significant positive association between experience of 

erosion and consumption of fruit-based sugared drinks, and statistically significant 

negative weak association between experience of erosion and consumption of sport drinks 

and carbonated water.  However, since the majority of the subjects (89% and 84%) never 

consumed sports drinks and carbonated water, respectively, it is possible that the findings 
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have been influenced by the impact of this low frequency of consumption of these types 

of drinks.  In contrast, fruit-based sugared drinks were the most common type of drink, 

and were consumed by majority of subjects either once or more than once per day.  There 

were no statistically significant relationships between experience of dental erosion and 

frequency of consumption of sugared carbonated drinks, non-sugared carbonated drinks, 

squash and natural unsweetened fruit juices.  This is in agreement with the findings of the 

review of British Child Dental Health  Survey of 1993 and two National Diet and 

Nutrition Surveys in 1992/3 and 1996/7, where no statistically significant association was 

found between dental erosion and dietary intake (Nunn et al., 2003).  The present results 

were also in agreement with findings of Bartlett et al. (1998), who assessed the prevalence 

of tooth wear in 210 11-14 schoolchildren and its relationship with acidic drinks and 

found there was no correlation between intake of carbonated drinks and tooth wear.  

Further support comes from another study which investigated the prevalence of dental 

erosion and its association with acidic drinks in 153 11 year-old children and found no 

significant statistically relationship between erosion and carbonated drinks (Caglar et al., 

2005).  The present results also appear to agree with the findings of Wiegand et al. 

(2006), who investigated the relationship of dental erosion and dietary intake in 463 2-7 

year-old German children as well as in other studies (Milosevic et al., 1997; Árnadóttir et 

al., 2003; Milosevic et al., 2004) where no statistically significant association was found.   

In contrast, several other studies have found a statistically significant relationship between 

the consumption of acidic drinks and the experience of dental erosion or tooth wear 

(Eccles and Jenkins, 1974; Lussi et al., 1991; Millward et al., 1994a; O'Sullivan and 

Curzon, 2000a; Al-Dlaigan et al., 2001b; Al-Malik et al., 2001b; Harding et al., 2003; 

Milosevic et al., 2004; Dugmore and Rock, 2004b; EI Karim et al., 2007).  Harding et al. 

(2003) reported that the frequency of acidic drinks intakes was associated with dental 
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erosion in 5 year-old Irish children.  Waterhouse et al. (2008) found a statistically 

significant association between sugared carbonated drinks and erosion in a Brazilian 

study.  Luo et al. (2005) found an association between prevalence of erosion in 3-5 year-

old children in China and an acidic diet.  In the present study, the reason for no significant 

association between experience of dental erosion and acidic drinks intake (except fruit 

based sugared drinks) might be due to the influence of other factors such as differences in 

salivary flow rate, buffering capacity, the amount of drinks consumed, different drinking 

patterns and time of drink consumption (i.e. as snacks or with meals).  In addition, some 

of the acidic drinks were consumed by only a small number of children.  It may be that 

drinks available in Libya are less erosive than elsewhere but there was no study to prove 

this and further research is needed.  In addition, it is important to highlight that the present 

study is a cross-sectional study.  All these factors might have contributed to the findings 

of present study and these results do not provide enough evidence to exclude a possible 

relationship between experience of dental erosion and consumption of these acidic drinks.   

7.7.9 Dental erosion and its association with non-acidic drinks  

Interestingly, the overall consumption of non-acidic drinks showed a statistically 

significant negative association with experience of dental erosion.  In Libya, tea with milk 

is usually consumed with added sugar.  In the present study, a statistically significant 

negative association was observed between the frequency of consumption of sugared tea 

with milk and flavoured milk (might be fruit-flavoured) and experience of dental erosion.  

This is in agreement with the results of a study in the UK, in which the consumption of 

tea and milk was significantly lower amongst children with dental erosion (O'Sullivan and 

Curzon, 2000a). A Brazilian study also found a statistically significant negative 

association between consumption of tea and erosion (Waterhouse et al., 2008).  However, 
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it may be suggested that subjects who consumed sugared tea with milk, milk and 

flavoured milk more frequently had a lower consumption of acidic drinks as the non-

acidic drinks displaced the acidic drinks from the diet and the protective effect of fluoride 

in tea can be considered.  This might have contributed to a lower experience of dental 

erosion.  It could be argued that the results of the present study suggest a protective effect 

against erosion related to tea with milk, milk and flavoured milk, although the inclusion 

of sugar in tea increases its cariogenic potential.   

7.7.10 Dental erosion and its association with drinking water  

There was no statistically significant association between frequency of consumption of 

tap water, bottled water or both types of water and experience of dental erosion.  The 

present study highlighted the fact that large proportions of subjects consumed tap water, 

bottled water or both types of water (29.7%, 14.5% and 55.8%, respectively).  The regular 

consumption of water should be encouraged and maintained within Libyan schoolchildren 

for its fluoride protection effect against dental erosion and to displace acidic drinks 

consumption.   

7.7.11 Erosion and its association with acidic food consumption 

Surprisingly, in the present study, experience of dental erosion decreased when the 

frequency of fruit consumption increased.  This negative association was statistically 

significant, but weak.  As almost 96% of the subjects consumed acidic foods less than 

once a day, it is possible that the results were influenced by the impact of this low 

frequency of consumption.  Several studies have found association between fruit 

consumption and experience of dental erosion (Eccles and Jenkins, 1974; Kunzel et al., 

2000; Al-Dlaigan et al., 2001b), while other studies have found no association (Williams 
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et al., 1999; Walker et al., 2000; Harding et al., 2003; Caglar et al., 2005; Waterhouse et 

al., 2008).  Milosevic et al. (2004) reported that the consumption of oranges or apples was 

not statistically associated with experience of tooth wear.  In contrast, Dugmore and Rock 

(2004b) reported that eating fruit other than apples or citrus fruits was statistically 

associated with the experience of erosion amongst 12 year-olds in the UK.  In the present 

study the Libyan subjects who also reported an intake of one or more than one fruit per 

day did not have a higher risk of erosion compared with children with low intake.  This 

level of fruit intake is below the current dietary recommendations of at least five portions 

of fruits and vegetables per day (WHO, 2003), although the vegetables intake was 

unknown.  It is reassuring that this current recommendation does not cause a significant 

risk for dental erosion as most vegetables and fruits such as bananas are not erosive.  The 

present results suggested it would be wise to encourage the consumption of fruits as they 

are important part of a healthy diet.  It is also important to note that this study is cross-

sectional and the collected dietary information might be not representative of a long-term 

dietary pattern which potentially contributes to the experience of dental erosion.   

7.7.12 Dental erosion and chewing sugared gum 

In the present study, there was no statistically significant association between experience 

of erosion and chewing sugared-gum.  Sugared gum was chewed once or more than once 

per day by 95% of the subjects.  It is well-known that chewing gum  increases the salivary 

flow rate and consequently, the oral clearance of acids (Dawes and Macpherson, 1992; 

Árnadóttir et al., 2003).  Tooth surface loss may be further compounded by dental 

attrition that occurs during mastication.  Therefore, it is difficult to confirm the role of 

chewing gum in experience of dental erosion.  In studies conducted in vitro it has been 

found that the acidic filling of chewing gum reduced the microhardness of the enamel 
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(Lussi et al., 2000; Cairns et al., 2002; Bolan et al., 2008), also in a study of Brazilian 12-

14 year-olds, a statistically significant association was observed between chewing gum 

and erosion (Waterhouse et al., 2008).   

7.7.13 Dental erosion and length of time taken to consume the drinks  

There was statistically significant positive relationship between experience of dental 

erosion and the duration of time taken to consume drinks.  A higher experience of erosion 

was found amongst subjects who made the drink last up to or more than 15 minutes.  This 

is in agreement with the findings of Al-Majed et al. (2002), who found a statistically 

significant association between the number of permanent upper incisors with pronounced 

dental erosion and the length of time taken to consume a drink.  Conversely, other studies 

(Walker et al., 2000; Auad et al., 2007) have showed no significant association between 

experience of erosion and the length of time taken to consume the drinks.   

7.7.14 Dental erosion and consumption of bedtime drinks 

There was no statistically significant association between the experience of dental erosion 

and the habit of consuming an acidic drink at bedtime.  This is in agreement with the 

results of two studies (Milosevic et al., 2004; Waterhouse et al., 2008), although other 

studies have found a statistically significant association between experience of dental 

erosion and bedtime acidic drinks consumption.  A Saudi Arabian study found a 

statistically significant association (p= 0.020) between consumption of bedtime drinks and 

experience of dental erosion (Al-Majed et al., 2002), while another study conducted in 

Saudi Arabia found that consumption of fruit juices in a bottle at bedtime was statistically 

significantly associated with experience with dental erosion amongst 2-5 year-olds (Al-

Malik et al., 2001b).  In addition, in a study amongst 1949 3-5 year-olds in China a 
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statistically significant association (p< 0.05) was shown between the experience of dental 

erosion and consumption of fruit drinks at bedtime (Luo et al., 2005).  In addition,  

Millward et al. (1994a) reported a statistically significant association between experience 

of dental erosion and fruit drinks consumption at bedtime amongst 101 children who were 

patients of a Dental Hospital in Birmingham, UK.  In the present study the lack of 

association found might have been due to a low proportion reporting consumption of 

acidic drinks at bedtime; only 16% (129) out of the 791 subjects reported this habit, which 

made it difficult for any possible association to become clear.  This is in agreement with a 

Brazilian study; only 4.8% of the 458 subjects consumed acidic drinks at bedtime and no 

statistically significant association between the experience of erosion and consumption of 

acidic drinks at bedtime was found (Waterhouse et al., 2008).   

7.7.15 Dental erosion and oral hygiene practice 

The experience of dental erosion was not statistically significant associated with 

frequency of tooth brushing, confirming the findings of other studies (Ganss et al., 1999a; 

Al-Malik et al., 2001b; Al-Dlaigan et al., 2002a; Harding et al., 2003; Truin et al., 2005; 

Wiegand et al., 2006).  However, there has been one study showing a statistically 

significant association between dental erosion and children brushing their teeth at night 

(Al-Dlaigan et al., 2002a).  In the present study, there was also no statistically significant 

association between experience of dental erosion and tooth brushing after consuming 

acidic drinks.  This finding agrees with that reported by Ganss et al. (1999a), who 

suggested that after an acidic drink intake, a few minutes may be enough for tooth 

remineralisation (Ganss et al., 1999a).  Further support comes from an in situ study which 

found that topical application of fluoride is effective in reducing enamel mineral loss 

under erosive conditions (Ganss et al., 2004).  Ganss et al. (1999a) reported that fluoride 
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is capable of reducing the amount of tooth brush abrasion.  On the other hand, Milosevic 

(2006) reported that tooth brushing after an enamel challenge by erosion leads to 

additional loss by subsequent abrasion.  Another study reported that abrasion from tooth 

brushing is increased after an erosive challenge even after 2 hours of remineralisation 

(Attin et al., 2001).   

7.7.16 Dental erosion and parental educational level 

Because there is no governmental classification of areas based upon socioeconomic 

information in Libya, parents’ education levels could be considered as a proxy measure of 

socioeconomic status.  Schoolchildren whose mothers had been educated up to secondary 

school level or to a higher level (college/postgraduate) had a higher experience of dental 

erosion than children whose mothers were illiterate, but the difference was not statistically 

significant.  Similar results were seen with fathers’ education; children whose fathers’ 

level of education was to college/postgraduate level had a higher experience of dental 

erosion.  But again this was not statistically significant.  A similar result was found in a 

Brazilian study; no significant association between parental educational levels and 

experience of dental erosion (Auad et al., 2007).  Similar findings were found in the UK 

National Diet and Nutrition Survey (NDNS); 12-14 year-old schoolchildren whose 

mothers had higher education levels had a higher experience of dental erosion than 

children whose mothers had lower educational levels (Walker et al., 2000).  In a Brazilian 

study the author suggested that the reason might be parents who had a higher education 

levels spending more time away from home which might be influencing the increased 

frequency of consumption of fast food and carbonated drinks (Mangueira et al., 2009).  A 

significantly higher prevalence of dental erosion was found in 1949 3-5 year-old 

preschool children in China whose parents had a higher education level than those whose 
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parents had lower level of education (Luo et al., 2005) and the author suggested that the 

reason may be parents who had high educational level have adopted a more Western style 

diet for their children such as carbonated soft drinks and fruit juices, while parents with 

low educational level may choose traditional drinks such as tea for their children.   

7.7.17 Dental caries and sugared-acidic and non-acidic drinks  

In the present study, the experience of caries was not statistically significant associated 

with consumption of sugared-acidic drinks, except for consumption of fruit-based sugared 

drinks (p<0.01).  Surprisingly, similar proportions of subjects with or without experience 

of dental caries had the habit of having bedtime sugared-acidic drinks. It might be 

expected that subjects with a habit of having bedtime sugared-acidic drinks have more 

caries experience than subjects without the habit.   

7.7.18 Dental caries and oral hygiene practice 

Surprisingly, there was no association between experience of dental caries and frequency 

of tooth brushing.  This is might be because the frequency of tooth brushing did not 

compensate the destructive effect of sugars intake (Hind and Gregory, 1995).  It has been 

reported that  tooth brushing only has a low effect in preventing dental caries (Ashley et 

al., 2000).  Moreover, another study reported that the decline in dental caries is related to 

accessibility of fluoride toothpaste and changes in the pattern and amount of sugars intake 

(Sheiham, 1984) rather than frequency of toothbrushing.  The association may have been 

confounded by the age at which brushing was stared (Kwan and Williams, 1998).  The 

results of the present study are in agreement with other studies that reported no 

statistically significant association between dental caries and frequency of tooth brushing 

(Ainamo and Parviainen, 1979; Shetty and Tandon, 1988; Sudha et al., 2005; Yabao et 
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al., 2005).  Conversely, Jamieson et al. (2004) reported that children who brushed 

infrequently had higher caries experience than those who brushed more frequently.  

Baccush and Nayak (1991) reported that children with poor oral hygiene had a 

significantly higher caries experience than those with good oral hygiene.   

7.7.19 Dental caries and parents’ education 

In the present study, the proportion of subjects with dental caries increased with the 

increasing of mothers’ educational level up to secondary school level, then decreased at 

higher level.  The experience of caries decreased with fathers’ increasing educational 

level, the highest proportion without caries experience however, was observed among 

children whose fathers’ were educated to college/postgraduate level and this negative 

association was statistically significant.  The reason for this may be that parents with a 

high educational level observe and control the dietary habits of their children despite the 

fact that wealthy families who parents had high education level could afford costly sugar 

products.  These results suggest a strong influence of a parents’ educational level in the 

patterns of dental health of their children and confirm the findings of a previous Libyan 

study in 10-13 year-old that children whose mothers had a high education level had a 

lower caries experience than those children with mothers of low educational level 

(Baccush and Nayak, 1991).  It has been suggested that higher educational levels are 

related to improved oral health (Walker et al., 2000) and similar trends were present in the 

present study.  The present study also confirms the findings of another study conducted to 

assess the prevalence of dental caries and its association with sociodemographic 

characteristics in 5-6 year-olds in Ajman, UAE, which found that children of mothers 

with lower levels of education had higher caries experience (Hashim et al., 2006).  
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In contrast, a study conducted in Iraq to investigate dental caries and its risk factors in 12 

year-old schoolchildren reported that caries experience rose significantly with higher 

education of the mother (Ahmed et al., 2007), The author suggested that the reason might 

be the availability of sugar was low in Iraq due to sanctions and consumption of sugars 

was restricted to rich families with parents of high education of level and who could 

afford expensive sugar products.  The study was conducted shortly after the end of the 

sanctions.  In addition, a study conducted to assess the relationship between dental caries 

and the socioeconomic condition in 18 year-old Brazilian males found that the mother’s 

education was the only independent variable associated with the levels of dental caries 

(Peres et al., 2005b).   

7.8 Conclusions 

The aims of this part of the study were achieved.   

7.8.1 With regard to dietary patterns and habits: 

 Carbonated drinks, fruit-based sugared drinks and squash were the most 

commonly consumed acidic drinks by 12 year-old Libyan schoolchildren.  

 Sugared tea with milk, milk and flavoured milk were the most commonly 

consumed non-acidic drinks by 12 year-old Libyan schoolchildren. 

 Tap water, bottled water or both types of water were consumed by 29.7%, 14.5% 

and 55.8% of subjects, respectively.   

 Only 6% of the subjects claimed consumption of two to four portions of fruit per 

day. 

 The majority (89.9%) of children reported they had the habit of chewing sugared 

gum on a daily basis.   
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 The majority (61.6%) of children reported they had the habit of making the drink 

last up to 15 minutes.   

 One-third of children reported they had the habit of consuming acidic drinks at 

bedtime.   

 The majority (83.7%) of children reported they did not brush their teeth after 

consuming acidic drinks.   

With regard to oral hygiene practices:   

 The majority (39.9%) of children reported brushing their teeth two times per day.   

 Almost all (95.6%) children reported they did not use fluoride mouth wash or 

fluoride tablets.   

With regard to general health and chronic diseases:   

 Only 21.3%, 13%, 8.2%, 4.7% and 0.6% of subjects suffered from heart burn, 

regular stomach upsets, acid taste in the mouth, asthma and diabetes, respectively.   

 Majority (91.2%) of children reported they did not take vitamin C.   

With regard to socio-economic status of children’s parents:  

 For 51% of schoolchildren, the fathers were educated to the level of 

college/postgraduate education, 40% up to secondary school level and 9% up to 

elementary school level or illiterate.   

 For 36% of children, the mothers were educated to the level of 

college/postgraduate education, 47% up to secondary school level and 17% up to 

elementary school level or illiterate.   

7.8.2 In relation to experience of dental erosion and exposure to potential risk factors for 

dental erosion: 
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 The consumption of fruit-based sugared drinks (p= 0.006) was statistically 

significantly positively associated with the experience of dental erosion. 

 The consumption of sport drinks (p= 0.004) and carbonated water (p= 0.048) were 

statistically significantly negatively associated with the experience of dental 

erosion.  However, since the majority of the subjects (89% and 84%) never 

consumed sports drinks and carbonated water, respectively, it is possible that the 

findings have been influenced by the impact of this low frequency of consumption 

of these types of drinks.   

 The consumption of sugared tea with milk (p= 0.032) and flavoured milk (p= 

0.043) were statistically significantly negatively associated with experience of 

erosion.  The experience of erosion decreased with the increasing frequency of 

consumption of sugared tea with milk and flavoured milk.   

 The experience of dental erosion increased with reduction of frequency of 

consumption of fruits (p= 0.002), but it is possible that the results have been 

influenced by impact of the low frequency of consumption of fruits by majority of 

the subjects.  Therefore, the present results suggest excluding the association 

between the consumption of fruits and experience of erosion.    

 The experience of dental erosion increased with increasing the length of time 

taken to consume drinks, especially when the drinks lasted up to 15 minutes.  This 

was a statistically significantly positive association (p= 0.005).   

Neither consumption of acidic drinks at bedtime, brushing teeth after consuming acidic 

drinks, chewing gum, frequency of tooth brushing or parents’ education were found to be 

associated with dental erosion.   
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7.8.3 Null hypotheses:  

 There is no relationship between the prevalence or severity of dental erosion and 

the frequency of consumption of acidic drinks.  The null hypothesis was rejected.   

 There is no relationship between the prevalence or severity of dental erosion and 

exposure to other potential risk factors for dental erosion such as oral hygiene 

practice, oral habits, lifestyle and socio-economic status of children’s parents.  

The null hypothesis was rejected.   

7.8.4 In relation to experience of dental caries and potential risk factors for dental caries: 

 There was a statistically significantly positive association between dental caries 

and consumption fruit-based sugared drinks (p= 0.002). 

  There was a statistically significantly negative association between dental caries 

and the level of father’s education (p= 0.015).   
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Chapter 8  

Dietary risk factors for dental erosion: data from 

the three-day food diaries with interview 

8.1 Introduction 

In order to assess the role of an acidic diet in the aetiology of dental erosion it is important to 

collect detailed information about dietary consumption.  When embarking on dietary analysis, 

it is necessary to have a wide picture about the subjects' diet, so that any specific evaluation 

might be considered in a broader context.  Good knowledge of the dietary intake of children is 

essential to provide data for the evidence base for preventing dental diseases and improving 

dental health programmes.  Dietary assessment is important in epidemiological research 

because diet has an important affect on oral health and has an impact on public health policy.   

8.1.1 Three-day food diary  

There are a number of methods by which dietary intake data can be collected.  The two main 

categories of dietary assessment use retrospective and prospective methodologies.  

Retrospective methods include 24-hour recall, diet history, food frequency questionnaires and 

diet inventory (Anderson, 1995).  The two main prospective methods which are commonly 

used are the weighed food inventory and estimated food inventory (Anderson, 1995).  Each 

dietary assessment method has its advantages and disadvantages.  Three-day food diaries are a 

validated and prospective method and justified for use for children (Hackett et al., 1984; 

Adamson et al., 1992; Fletcher et al., 2004a; Auad, 2006).  Subjects are asked to complete a 

3-day food diary on three consecutive days, two week days with one weekend day between 

and are interviewed on the fourth day to clarify the information in the diary.  The food diary 

provides more accurate information about the quantity, time and pattern of consumption of 
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foods and drinks than questionnaire surveys.  This results in a more in depth analysis which 

may be used as the basis for future dietary advice.  When using an estimated dietary record, 

all foods and drinks consumed are recorded by the child or parent (depending on age) over a 

set number of days.  The three-day dietary diary is the one of the best and most effective 

methods in dietary assessment in children due to its accuracy; day to day variation can be 

measured and the method does not rely upon memory (Anderson, 1995).  It also uses a simple 

method of recording.  Quantification is determined using household food measures and 

photographs.  The use of food models and photographs improves estimation of portion size 

(Nelson et al., 1997).  It is sensitive enough to estimate the total daily non-milk extrinsic 

sugars (NMES) (Hackett et al., 1983).  The three-day dietary diary has been used to assess 

NMES and acidic food intake (Auad, 2006).  Furthermore, it gives information on whether 

each sugary or acidic food and drink item was consumed with a meal or as a snack or close to 

bedtime.  On the other hand, dietary diary completion requires the co-operation of subjects, 

eating habits might be changed during the recording, requires subjects to be literate, and the 

recording is time consuming for the subjects (Anderson, 1995; Biro et al., 2002).   

Three-day food diaries require estimation of food portion size and therefore they are not as 

accurate as weighed dietary intakes.  However, their use is less likely to interfere with the 

subject’s daily eating pattern and give a more representative assessment of actual habitual 

dietary intake.  Estimated food diaries with interview using food models provide a good 

estimate of actual food intake (Hackett et al., 1983; Cade, 1988; Adamson et al., 1992; 

Fletcher et al., 2004a).   

To aid compliance with this method of dietary intake assessment, compliance instructions are 

given to each subject regarding the amount of detail of food intake required and they are 

asked to write down the amount and time of consumption of all foods and drinks consumed 

during a pre-determined period of time, a minimum of three days.  Details recorded by the 

subject include the time food is eaten, type of food, brand name and weight of food 
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consumed.  As the food is eaten, the subject records the quantity of food consumed using 

household measures such as plates, cups, glasses and spoons. Since eating patterns vary 

between weekend days compared with weekdays (Hackett et al., 1985), it is important to 

collect dietary data over both weekdays and weekend days.  After completion of food diaries, 

subjects are interviewed in order to clarify the dietary information recorded in the food diaries 

and to determine the best estimate of the quantity of food and drink consumed.   

8.1.2 Diet and dental diseases 

The importance of diet-related diseases has increased over the last 30 years (Watt and 

Sheiham, 1999; Moynihan, 2005).  Healthy eating guidelines in the UK encourage the 

message to decrease NMES intake and increase fruit and vegetables intake to improve dental 

and general health (WHO, 2003).  Diet is influenced by many different factors such as age 

and the media, as well as family, social and economic pressures.  Children are one of the 

vulnerable subgroups within the population to oral health diseases, and the importance of a 

balanced diet for the maintenance of health is unquestionable.   

8.1.2.1 Diet and dental caries 

Diet has an important effect in the development of oral disease, its most significant local 

effect on teeth is in the development of dental caries and dental erosion (Moynihan and 

Petersen, 2004).  There is evidence that NMES (those sugars present in a free form or added 

to food) play an important role in the development of dental caries.  The NMES include 

sugars outside the cellular structure of a food, excluding the sugars naturally present in milk 

and milk products (Department of Health, 1989).  Surveys have shown that the intake of 

dietary sugars has an important role in the aetiology of dental caries.  Moreover, the risk of 

dental caries increases with more frequent sugar consumption.  Sugars consumption between 

meals is associated with a greater potential risk of dental caries than consumption at meals 
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(Al-Malik et al., 2002; Dugmore and Rock, 2004a; Ahmed et al., 2007), as salivary flow and 

its buffering capacity are high at meals and low between meals.   

8.1.2.2 Diet and dental erosion 

In recent years, growing concern has been drawn to the impact of diet in dental erosion 

(Johansson et al., 1996; Al-Dlaigan et al., 2001b; Dugmore and Rock, 2004b).  The UK 

Children’s Dental Health Survey showed that the prevalence of dental erosion is increasing 

(Chadwick and Pendry, 2004);  the 1993 Survey recorded that 27% of 12 year-olds and 32% 

of 14 year-olds respectively had erosion while 33% of 15 year-olds in 2003 were affected by 

dental erosion (O'Brien, 1994; Chadwick and Pendry, 2004).  In addition, the 2000 National 

Diet and Nutrition Survey (NDNS) of young people aged 4 to 18 years showed that 52% of 

11-14 year-olds were affected by erosion (Walker et al., 2000).  Evidence from several 

epidemiological studies proved an association between increased prevalence of dental erosion 

and the frequency of consumption of acidic foods and drinks (O'Sullivan and Curzon, 2000a; 

Al-Dlaigan et al., 2001c).  Dietary acids have been identified as a major risk factor for the 

progression of dental erosion (Millward et al., 1994a; Lussi et al., 2007).  However, with 

regard to dietary acids, most attention has been paid to soft drinks because of their high 

consumption particularly among children (O'Brien, 1994; Zero, 1996; Larsen and Nyvad, 

1999; Shaw and Smith, 1999; Walker et al., 2000; O'Sullivan and Curzon, 2000a; Al-Majed et 

al., 2002; Harding et al., 2003; Moynihan and Petersen, 2004).  The UK National Diet and 

Nutrition Survey (NDNS) of young people aged 4 to 18 showed that the mean daily 

consumption of acidic drink was more than a litre, for all age groups, and mean daily intake of 

240 grams and 352 grams for carbonated drinks and concentrated ready to drink soft drinks 

respectively amongst 11-14 year-olds (Walker et al., 2000).   

The best method of dental disease prevention, including dental erosion, is to modify the risk 

factors for these conditions.  To improve dental health, the dietary habits of children should be 
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changed by reducing their intake of sugary and acidic foods and drinks.  A greater 

understanding of nutritional knowledge and attitudes relating to dental health is needed to 

build intervention programmes targeted to these children.   

8.1.3 The reasons for the present study 

In Benghazi, Libya, no dietary assessments have been carried out to obtain accurate 

estimations of foods and drinks consumed by children.  The method chosen to assess the diet 

has to be suitable for the population it is assessing.  Consequently, the present study aimed to 

collect data on detailed dietary patterns of a sub-sample of the subjects recruited for a dental 

epidemiological survey in Benghazi, Libya using a three-day food diary with interview.   

8.2 Aims 

The main aims of this part of the study were: 

8.2.1 To determine the daily intake of acidic drinks and foods in a sub-sample of 12 year-old 

schoolchildren in Benghazi, Libya.   

8.2.2 To determine the relationship of reported daily intake of acidic drinks and foods with 

measured dental erosion in a sub-sample of 12 year-old schoolchildren in Benghazi, Libya.   

8.2.3 To determine the relationship of reported daily intake of acidic drinks and foods with 

measured dental caries in a sub-sample of 12 year-old schoolchildren in Benghazi, Libya.   

The subsidiary aims were: 

8.2.4 To obtain dietary data (daily intakes of acidic foods and drinks, macronutrients and 

tap/bottled water) to investigate their relationship with dental erosion and dental caries.   

8.2.5 To investigate the relationship between the above stated variables and gender  

8.2.6 To investigate any relationship between fluoride exposure from water supplies and the 

prevalence and severity of dental erosion in children in Benghazi, Libya.   
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8.2.7 In order to assess if the sub-sample was representative of the main study sample, an 

additional aim was:  

 To report the subjects’ experience of dental erosion.   

 To report the subjects’ experience of dental caries.   

8.3 Objectives 

 To randomly select a sub-sample of schoolchildren to complete a three-day estimated 

food diary in order to provide detailed dietary information on consumption of 

tap/bottled water and acidic dietary items in terms of amount and frequency.   

 To interview these children in order to clarify the information provided in the food 

diaries.   

 To estimate the daily intake (grams/day) of acidic drinks and foods including acidic 

confectionery.   

 To estimate the daily energy intake (kJ/day).   

 To estimate the total weight (grams/day) of acidic items consumed as meals and 

snacks.   

 To estimate the daily intake of sugars, total sugars, non-milk extrinsic sugars (NMES), 

intrinsic milk sugars (IMS), protein, fat, carbohydrate (grams/day and percentage 

contribution to daily energy intake).   

 To estimate the daily intake of tap and bottled water (litres).   

 To estimate the daily intake (mg) of fluoride from tap and bottled water and 

proportion of daily intake (%).   
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8.4 Materials and Methods 

8.4.1 Pilot study 

A pilot study was carried out to familiarise the researcher with the dietary assessment method 

and interviewing technique.  In the UK, three volunteers aged 12 years were given written 

instructions and asked to complete a 3-day estimated food dairy.  Using these data discussion 

was undertaken with Professor Paula Moynihan on how to clarify the written dietary 

information during the interviews and how to clarify portion sizes.  These data were not 

included in the main study.   

8.4.2 Obtaining the sub-sample 

Ethical approval and permissions were secured from local authorities and schools as described 

in Chapter 4 (Section 4.6.1).  From the children with parental written consent, a sub-sample 

was randomly selected from the total sample to complete three-day food diaries.  Using a list 

of randomly generated numbers between 1 and 99 a selection of the first 22 children was 

made using columns, for example starting with column 2 to sample 11 girls or 11 boys from 

within a school.  Seven children were randomly selected from the previous randomly selected 

list in each of 36 schools to achieve a sub-sample of 252 subjects.  The statistical power of the 

study was calculated with the assistance of a medical statistician, Dr Nick Steen, Principal 

Research Associate, Institute of Health and Society, Newcastle University.  Undertaking 

dietary assessment on a sub-sample of 175 children gave a 95% power to detect a correlation 

coefficient of 0.3 assuming a Type 1 error rate of 5%.   

8.4.3 Food diaries with interview 

The subjects were asked to complete a 3-day estimated food diary (Appendix 4.6) on three 

consecutive days, two week days (Thursday and Saturday) with one weekend day (Friday) 
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between and were interviewed on the fourth day to clarify the information in the diary.  Prior 

to commencement, for the 252 randomly selected subjects, school number and study number 

were recorded on the front of the diary (Appendix 5.6).  Food diaries were completed before 

the questionnaire survey and dental examination being undertaken in the schools by the 

researcher (RH) to minimize the risk of changing the dietary habits due to dental awareness.  

The researcher met the subjects in the classroom or in any available place in the school and 

explained to the subjects how to complete the food diary and asked them to carry the food 

diary with them all the time during the three days.  The researcher asked the subjects to record 

everything they ate or drank, and to write down the amount of food or drink consumed using 

household measures (i.e. plates, glasses, spoons).  The subjects were also asked to record the 

time of consumption, the type of food or drink consumed using household measures (i.e. 

plates, glasses, and spoons), information about any medicines consumed and the time when 

they went to bed.  The importance of not changing their dietary pattern during the collection 

period was stressed.  The interviews were undertaken on the first week day following 

completion of the food diaries in order not to compromise the subjects' ability to remember 

their dietary consumption.  The interview was used to clarify the types and amounts of foods 

and drinks consumed over three days.  All participating schools agreed for subjects to be 

interviewed during school hours.  The interview took place in any available space within the 

schools.  If the food diary was forgotten or the child was absent, the interview was carried out 

on the following day.  The weight of each child was recorded using weighing scales (Seca, 

Germany).  Shoes were removed and any items taken out of pockets.  No dietary advice was 

given to the children before or after completion of the diaries and no comment was made on 

their food intake or spelling of any words.  Diaries were not included in the study if they were 

lost or returned incomplete (food diaries with only one or two days dietary recording).  All 

information that was provided by the subjects was kept confidential.  All records containing a 

subjects’ name were stored in a locked cabinet in a locked office.  Children were thanked for 
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their co-operation and for participating in the study.  All participants received a stationery box 

as a means of thanks.   

8.4.4 Water samples 

8.4.4.1 Permissions  

All permissions were secured from the Libyan authorities, Health Ministry, Education 

Ministry and Dental Faculty, for transport of the water samples from Benghazi to the UK 

(Appendices; 4.11, 4.12, 4.14).  In addition, permission was obtained from the Food 

Standards Agency in the UK to allow the import of water samples and a permission from the 

Newcastle University to allow the storage and analysis of the water samples in a University 

Laboratory (Section 4.5.1.4).   

8.4.4.2 Collection of water samples 

The subjects were asked to collect four drinking water samples; home tap water on the 

morning (before school) and afternoon (after school) of the first and third day of the food 

diary.  The subjects were also asked to collect samples of other bottled waters or tap water 

consumed outside the house.  In addition, water samples were collected by the researcher 

from each school on the morning and afternoon of the first and third day of the food diary 

completions in that school.   

8.4.4.3 Storage and analysis of water samples 

The collected water samples were kept in fluoride-free plastic containers and frozen at -20º 

Celsius freezer at the Dental Faculty in Benghazi during the time of data collection and until 

time of shipping.  After that, the frozen samples were defrosted prior to shipping and the 

examiner dried the outside of every tube carefully with tissues prior to being transported at 
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ambient temperature back to the UK.  In the UK, the samples were stored in the fluoride 

research laboratory at Newcastle University in a -20° Celsius freezer until fluoride 

concentration was analysed by the researcher or lab technician using a Standard Operating 

Procedure (SOP) (Appendix 4.7).  This method has been used previously to describe the 

direct analysis procedure for determination of fluoride concentration in water (Zohouri and 

Rugg-Gunn, 1999; Martinez-Mier et al., 2004; Soto-Rojas et al., 2004; Soto-Rojas et al., 

2005).  Data were entered into a Microsoft Excel (2003, Microsoft Office) software program 

for calculating the fluoride concentration in the drinking tap and bottled water.  Then the data 

were collated and transferred to the Statistical Package for Social Science; SPSS 15.0 for 

Windows and analysed with the other variables.   

8.4.4.4 Estimations of water consumption 

The following estimations were made and the mean, median and range were calculated for 

tap, bottled and tap and bottled water consumption.   

In respect of tap water: 

 Volume of tap water (litre) consumed by child on Day 1, Day 2 and Day 3.   

 Volume of tap water (litre) consumed by child over the 3 days.   

 Fluoride intake (mg) from tap water consumed by child on Day 1, Day 2 and Day 3 = 

volume of tap water (litre) consumed on that day x mean fluoride concentration 

(mg/litre) of tap water for that child based on tap water samples.   

 Fluoride intake from tap water consumed by child for the 3 days = fluoride intake for 

Day 1 + Day 2 + Day 3.   

 Mean daily fluoride intake of tap water = fluoride intake for the 3 days/3.   

 Mean fluoride concentration of tap water (mg/litre) = fluoride intake (mg) from tap 

water/volume of tap water (litre).   

 Daily frequency of intake of tap water by child.   
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In respect of bottled water:  

 Similar procedures were done for bottled water.   

In respect of both water (tap and bottled water) consumption:  

 Sum of volumes of tap and bottled water consumed by child over 3 days.   

 Mean daily intake of tap and bottled water (litre) = sum of volume of tap and bottled 

water intake (litre) by child over 3 days/3.   

 Mean daily fluoride intake (mg) from tap and bottled water = (fluoride intake from tap 

over 3 days + fluoride intake from bottled water over 3 days)/3.   

 Mean fluoride concentration of tap and bottled water (mg/litre) = daily fluoride intake 

(mg) from tap and bottled water/mean daily volume of tap and bottled water (litre) 

consumed.   

8.4.5 Estimation of food portion sizes 

In order to help the subjects estimating the food portion sizes, during the interviews the 

researcher used different sizes of domestic measures of quantities (cups, mugs, plates, and 

spoons) to quantify food eaten.  A list of all types of foods and drinks mentioned in the food 

diaries was made.  Dietary information from local supermarkets was collected in order to help 

in estimating the food portion sizes.  Branded food, drinks and confectionery recorded in the 

food diaries were assessed using information in supermarkets and shops in Benghazi.  For the 

Libyan foods and drinks where a direct match was not found in UK food tables, a best match 

was used.  Moreover, many of the Libyan foods and drinks were the same as in the UK and 

many drinks and confectionery consumed by the subjects were made in the UK.  However, for 

foods reported which were not found in the UK food tables, Libyan recipes were consulted in 

order to estimate the amount of each food present whilst considering the number of portions 

suggested by the recipe.  For instance, using a Libyan recipe for a traditional meal made with 

vine leaves stuffed with rice and meat, the amount of each food item was initially determined.  
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Following this, these amounts were divided by the number of portions as stated in the recipe; 

vine leaves stuffed with rice (which comprised 80% of the recipe) were already present in the 

UK food tables and minced beef comprised 20% of the total portion.  The same method was 

used for the recipe aubergine and peppers stuffed with rice and meat.  Any weight recorded 

which appeared suspect for that food was checked with the raw data in the child’s food diary.   

The estimation of the amounts of food and drink intakes for the food diaries was made by 

associating the additional information collected during the dietary interview.  Each food item 

was then entered, considering the portion size reported by the subjects, from the food portion 

size sold in supermarkets and shops in Libya, and from estimation of typical food portion 

sizes for children aged 11-14 years in the UK (Wrieden et al., 2008) and from the food 

portion sizes guide book (Crawley et al., 1993).   

8.4.6 Coding of data from food diaries 

Following the estimation of food portion sizes, food diaries were coded according to the ‘best 

matches’ found in the UK food tables.  The data were entered by the researcher into the pre-

existing database designed in the Microsoft Access Program-Windows 2000, developed in the 

Human Nutrition Research Centre, at Newcastle University.   

An intake: was defined as foods eaten all at one time and that consisted of a few code items 

e.g. “Tea with milk, bread and cheese” is one intake, and next few items which eaten together 

at one time would be a second intake.  Information regarding the time of intake of foods and 

drinks was defined as meal or snack (Hackett et al., 1984).  Twenty minutes was the time 

interval used to distinguish intakes.  Criteria used to define meals or snacks was important as 

it could have a detrimental effect on the accuracy of the study.   

A meal: defined as any intake including at least three of these criteria; a number of items 

eaten together and consisting at least three items, making a major contribution to the energy 
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intake for that day, eaten at recognised mealtimes, eaten with a knife, fork or spoon and 

usually be consumed over a period of more than 15 minutes.   

A snack: defined as any intake not meeting the mentioned criteria of a meal.  When foods 

were taken at a usual mealtime but consisted of foods that are normally consumed as snacks 

they were regarded as snacks.   

8.4.7 Data entry and collation 

The raw data were entered into the database by the researcher.  All efforts were made to 

reduce errors associated with data entry such as by data re-entry of 20 randomly selected food 

diaries to check accuracy of dietary entry.  Any extreme weights were checked with the raw 

food diary data.  Checks were carried out to ensure each child had three food diary days 

entered.  Food diaries with only one or two days of dietary recording were excluded from 

further analysis.   

8.4.8 Derived outcome variables from dietary assessment 

The outcome variables for dietary food diaries were daily intake of:  

 Acidic drinks (grams/day).   

 Acidic foods (grams/day).   

 Acidic confectionery (grams/day).   

 Total weight of acidic food and drink consumed as meals and snacks. 

 Daily energy intake (kcal). 

Daily intake (grams/day and percentage contribution to daily energy intake) of: 

 Sugars (total sugars, NMES, IMS), protein, fat and carbohydrate.   

Daily volume intake (litre) of: 

 Tap water, bottled water and both tap and bottled water.   

Daily fluoride intake (mg) from:  
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 Tap water, bottled water and both tap and bottled water.   

The mean daily frequency of consumption of: 

 Tap water and bottled water (Section 8.4.4.4).   

The mean intake (grams/day) of different acidic dietary items reported by the subjects was 

calculated for the following categories:  

 Acidic drinks: included sugared carbonated drinks, non-sugared carbonated drinks, 

fruit juices and fruit-flavoured drinks.   

 Acidic foods: included all fruits (except bananas), jelly, yogurt and sauces (ketchup 

and vinegar based sauces).   

 Acidic confectionery: included fruit-flavoured sweets and fruit-flavoured sugared 

chewing gum.   

 Total acidic intake: included acidic drinks, foods and confectionery.   

8.4.9 Data analysis 

Dietary data were transferred to the Statistical Package for Social Sciences; SPSS 15.0 for 

Windows licensed to Network License User, Newcastle University and analysed.  The 

normality of distribution of the data related to intake of foods and drinks was assessed using 

One-Sample Kolmogorov-Smirnov Z test.  For continuous variables that were normally 

distributed, data were presented as mean, with standard deviation (SD), and 95% Confidence 

Intervals (CI).  For continuous variables that had a skewed distribution, data were presented 

as the median with the interquartile range (IQR).  Comparison between genders was carried 

out using an unpaired t-test for normally distributed data and Mann-Whitney test for skewed 

data.  Data from the dental examinations and dietary data from food diaries for the sub-sample 

of 180 subjects was also analysed using a process of bivariate analysis.  Associations between 

dental erosion variables (Yes/No) and erosion-related variables were tested through a process 

of bivariate analysis, using the exact versions of the non-parametric test Man-Whitney U 
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(Section 8.5.10-11).  Interquartile range (IQR) and 95% Confidence Intervals (CI) were 

calculated for 2 x 2 tables.  Only two-sided statistical tests were used.  The statistical 

significance level was established at 5%.  Associations between dental caries variables 

(Yes/No) and caries-related variables were also tested through a process of bivariate analysis 

(Section 8.5.12).  After completion of the bivariate analysis, a multivariate analysis using a 

forward stepwise logistic regression model was developed, to determine the variables 

independently associated with experience of dental erosion (Chapter 9).   

8.4.10 Validation of dietary assessment 

The mean physical activity level (PAL) was calculated for all subjects using the total daily 

energy expenditure in Mega Joules (MJ) divided by Basal Metabolic Rate (BMR).  The PAL 

or ratio of energy intake (EI) to BMR (EI:BMR) was used to identify the proportion of 

subjects who may  have under-reporting and over-reporting their energy intakes.  BMR is 

defined as the energy expenditure of an individual lying at physiological and mental rest in a 

thermoneutral environment, or it is the energy expended by the body at rest to main bodily 

function like respiration, heart beat, body temperature and other body functions or can be 

defined as the amount of energy consumed while inactive (Garrow et al., 2000).  The BMR is 

influenced by age, gender, weight, height, environmental temperature and dieting and exercise 

habits and can be measured from regression equations based on age, gender, and body weight 

(Garrow et al., 2000).  The equations for children aged 10-17 years are:  

For boys: BMR = (0.074 x Child’s weight (kg)) + 2.754 

For girls: BMR = (0.056 x Child’s weight (kg)) + 2.898.   

The following provisional cut-off points purposed for children aged 6 to 18 years were used 

to identify ‘under-reporters’ and ‘over-reporters’ for dietary intake among the children (Torun 

et al., 1996): For boys: Under-reporters: PAL<1.39, Over-reporters: PAL>2.24 

                     For girls: Under-reporters: PAL<1.30, Over-reporters: PAL>2.10.   
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8.5 Results 

8.5.1 The sub-sample 

Two hundred and fifty two food diaries were distributed to the randomly selected 

schoolchildren in thirty six randomly selected public schools.  Seven food diaries were 

distributed per school.  From these, 49 food diaries were returned with only one or two day 

food diary entries.  Sixteen subjects forget or lost the food dairies and seven were absent on 

several occasions when the diaries were being collected.  Therefore, complete food diaries 

were obtained from one hundred and eighty subjects (71%) who were interviewed and also 

attended the clinical dental examination.  There were 92 boys (51.1 %) and 88 girls (48.9 %).  

The mean age of the 180 children was 12.3 years (SD± 0.29).  The mean weight of all the 

children was 42.82 kg (SD± 9.06).  The food dairy completion with dietary interview started 

in the first week of October 2007 and ended in the first week of January 2008.   

8.5.2 Validation of dietary data  

The mean BMR for the 92 boys was 5.96 (SD± 0.68) and 5.25 (SD± 0.49) for the 88 girls.  

The mean PAL for the sub-sample (n = 180) was 1.3 (SD± 0.32).  The mean PAL for the boys 

was 1.2 (SD±0.32) and 1.3 (SD±0.29) for girls, suggesting that the boys were under-reporters 

and the girls indentified as normal-reporters.  Eighty three subjects (46%) of the sub-sample 

were classified as under-reporters; 51 boys, (55% of the boys) and 32 girls, (36% of the girls).   

8.5.3 The daily energy intake and the macronutrients consumption by 

the sub-sample study population 

A one-Sample Kolmogorov test showed that data for intake of protein, fat, carbohydrate and 

starch were normally distributed.  Data for these food components are presented as mean, SD, 

and 95% Confidence Interval (CI) in Table 8.1.  The mean daily intakes of carbohydrate, fat 
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and protein were 237 (SD±51), 58 (SD±17) and 65 grams/day (SD±16), respectively.  The 

mean daily energy intake was 1675 kcal (SD±368), (7060 kJ (SD±1548)).  Carbohydrate 

made the major contribution to this daily food intake (54%), followed by fat (30.3%) and 

protein (15.7%).  Starch comprised most of the carbohydrate intake and contributed 32.8% to 

the daily energy intake (Table 8.1).   

Data for intake of total sugars, IMS, and NMES were also normally distributed. Data are 

presented as mean, SD, and 95% Confidence Interval (CI) in Table 8.2.  Total sugars 

contributed 20.4% of the daily energy intake, mainly in the form of NMES 12.6%, while IMS 

were 7.8%.   

The mean daily intake of total sugars was 90 grams/day (SD±32), mainly in the form of 

NMES (56grams/day (SD±26)) with 34 grams/day (SD±18) in the form of milk and intrinsic 

sugars.  Non-milk extrinsic sugars in snacks contributed 22.7% to the daily energy intake 

from snacks, while from meals they contributed 7.5 % of the daily energy intake (Table 8.2).   

Table 8.1: Mean, standard deviation (SD), median, minimum, maximum and 95% (CI) 
Confidence Intervals for daily energy intake, daily intake and percentage contribution of fat, 
carbohydrate and protein for the sub-sample of 180 subjects based on a 3-day food diary.  

 Mean SD Median Minimum Maximum 95% CI 

Energy intake(kcal/day) 
 
Energy intake (kJ/day) 
 
Carbohydrate (g/day) 
 
% energy from carbohydrate 
 
Protein (g/day) 
 
% energy from protein 
 
Fat (g/day) 
 
% energy from fat 

1675 
 

7060 
 

237.2 
 

54.0 
 

64.8 
 

15.7 
 

58.2 
 

30.2

368 
 

1548 
 

51.0 
 

4.7 
 

15.8 
 

2.2 
 

17.3 
 

4.6

1620 
 

6837 
 

230.4 
 

54.5 
 

63.2 
 

15.8 
 

56.3 
 

29.7

974.2 
 

4111.5 
 

145.7 
 

41.4 
 

36.7 
 

10.9 
 

27.1 
 

20.9

2786.6 
 

11718.7 
 

402.5 
 

64.3 
 

130.9 
 

21.0 
 

129.9 
 

44.2 

1620, 1729 
 

6832, 7288 
 

229.7, 244.7 
 

53.3, 54.7 
 

62.8, 67.8 
 

15.4, 16.1 
 

55.6, 60.7 
 

29.6, 30.9 
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Table 8.2: Mean, standard deviation (SD) and 95% CI for daily intakes of total sugars, IMS, 
NMES, percentage contribution of total sugars to energy intake, percentage contribution of IMS 
and NMES to total sugars, percentage contribution of snacks and meals to NMES for the sub-
sample of 180 subjects based on a 3-day food diary. 

 Mean (SD) 95% CI for mean 
Lower  Upper 

Total sugars (g/day) 

  IMS (g/day) 

  NMES (g/day) 

% of total energy from: 

Total sugars 

  IMS 

  NMES 

% of total energy from NMES (snacks) 

% of total energy from NMES (meals) 

90.3 (31.9) 

34.3 (18.0) 

       56.0 (25.6) 

 

 20.4 (5.5) 

   7.8 (3.8) 

         12.6 (4.7) 

  22.7 (9.9) 

   7.5 (4.2) 

85.4, 94.8 

31.6, 36.9 

52.1, 59.6 

 

19.5, 21.2 

    7.2, 8.4 

  11.8, 13.2 

  28.6, 24.1 

      6.8, 8.0 

8.5.4 The consumption of acidic dietary items  

A one-Sample Kolmogorov-Smirnov test showed that data relating to the consumption of 

acidic foods, drinks and confectionery items were not normally distributed.   

Data are presented as median and interquartile range (IQR).  The median daily intake of total 

acidic items was 203 grams/day (IQR 114.5-355.7).  Acidic drinks were the main source of 

dietary acids, with a median daily intake of 145 gram/day (IQR 66.7-266.7).   

The median daily intake of acidic food was 58 gram/day, with a median daily consumption of 

fresh fruits (excluding fruit juices) of 10 grams/day (IQR 4.5-15.4).  The median daily intake 

of acidic confectionery was 11 grams/day (IQR 6.1-18.9) (Table 8.3).   

Total acidic intake represented a median of 2.8% (IQR 1.7-5) of the daily energy intake from 

snacks and a median of 3.3% (IQR 1.6-4.7) of the daily energy intake from meals.  The 

median intake of total acidic intake with meals was 104 grams/day (IQR 33.8-176.7), and 

with snacks it was 83 gram/day (IQR 3.0-200) (Table 8.3).   
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Table 8.3: Mean, standard deviation (SD), median, minimum, maximum and interquartile range 
(IQR) for the daily energy intake, total acidic foods, total acidic foods with meals and as snacks, 
acidic drinks, fruits and confectionery for the sub-sample of 180 subjects based on data from the 
3-day food diary. 

 Mean SD Median Minimum Maximum IQR 

Acidic drinks (g/day) 
 
Energy (kJ) from acidic drinks 
 
Fruits (g/day) 
 
Confectionery (g/day) 
 
Energy (kJ) from acidic food 
 
Total intake of acidic items (g/day) 
 
Energy (kJ) from total acidic foods 
 
Total intake of acidic items with 
meals (g/day) 
 
% Energy (kJ) intake from total 
acidic foods consumed with meals 
 
Total intake of acidic items as 
snacks (g/day) 
 
% Energy (kJ) intake from total 
acidic foods consumed as snacks 

188.0 
 

248.6 
 

12.0 
 

13.6 
 

220.9 
 

246.5 
 

421.8 
 

120.8 
 
 

3.6 
 
 

125.8 
 
 

3.6 

164.5 
 

150.7 
 

8.6 
 

10.0 
 

62.7 
 

187.8 
 

355.8 
 

112.6 
 
 

2.5 
 
 

131.5 
 
 

2.8 

145.5 
 

252.8 
 

  10.2 
 

  11.4 
 

210.9 
 

203.3 
 

330.0 
 

104.3 
 
 

    3.3 
 
 

  83.3 
 
 

    2.8 

 0.0 
 

 3.9 
 

 2.2 
 

 0.4 
 

27.1 
 

 0.0 
 

 3.9 
 

 0.0 
 
 

 0.1 
 
 

 0.0 
 
 

  0.1 

 793.3 
 

 574.2 
 

   50.5 
 

   51.5 
 

 568.8 
 

 966.7 
 

2194.5 
 

 560.0 
 
 

   14.9 
 
 

 674.0 
 
 

    16.2 

66.7-266.7 
 

160-330 
 

4.5-15.4 
 

6.1-18.9 
 

189.6-252 
 

114.5-355 
 

189.6-565 
 

33.8-176.7 
 
 

1.6-4.7 
 
 

3.0-200.0 
 
 

1.6-5.0 

8.5.5 Gender and consumption of macronutrients  

The data showed the mean daily intakes of protein, fat, carbohydrate and intrinsic-milk sugars 

were higher in boys than girls while the mean daily intakes of total sugars and non-milk 

extrinsic sugars were higher in girls.  The mean (SD) daily intake of carbohydrate was 237.7 

g/day (51.5) and 236.7g/day (50.7) for boys and girls respectively.  This difference was not 

significant (p= 0.899).  The mean (SD) daily intake of NMES was 54.3 g/day (24.3) and 57.5 

g/day (26.9) for boys and girls, respectively.  This difference was not statistically significant 

(p= 0.465).  The mean (SD) daily total sugars intake for boys was 89.7g/day (30.5) and 

90.7g/day (33.4) for girls.  This difference was not significant (p= 0.824) (Table 8.4).   

The mean (SD) daily energy intake for boys was 1686kcal/day (392.8) and 1663kcal/day 

(342.5) for girls.  This difference was not statistically significant (p= 0.465).   
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Table 8.4: Mean, standard deviation (SD) and 95% Confidence Intervals for daily energy intake 
and daily intake of macronutrients for the sub-sample of 180 subjects by gender.  

 Boys (n = 92) 
Mean (SD)    Median    95% CI 

Girls (n = 88) 
Mean (SD)    Median    95% CI 

Energy intake (kcal/day) 
 
Energy intake (kJ/day) 
 
Protein (g/day) 
 
Fat (g/day) 
 
Carbohydrate (g/day) 
 
Total sugars (g/day) 
 
NMES (g/day) 
 
IMS (g/day) 
 
Total intake of acidic items(g/day) 
 
Acidic drinks (g/day) 
 
All confectionery (g/day) 
 
Total intake of acidic items with 
meals (g/day) 
 
Total intake of acidic items as 
snacks (g/day) 

1686 (392.8)    1641     1605, 1767 
 

7107 (1650)    6931     6765, 7448 
 

65.8 (17.7)     63.3          62, 69.4 
 

59.1 (19.1)     56.2          55.1, 63 
 

237.7 (51.5)      231      227, 248.3 
 

89.7 (30.5)     87.8       83.3, 95.9 
 

54.3 (24.3)     49.5       45.3, 59.3 
 

35.3 (19.3)     30.5       31.3, 29.7 
 

244 (197.8)   203.7         203, 285 
 

188.6 (175)   133.3         152, 224 
 

13.2 (10.2)       8.1         7.6, 17.7 
 

119.3 (118)     77.8     94.9, 143.8 

125.1 (134)     78.2     97.3, 152.9

1663 (342.5)   1615       1590, 1735 

7011 (1442)    6809      6705, 7317 

64.9 (16.2)     63.1        61.4, 68.3 

 57.3 (15.4)     56.3        54.0, 60.5 

236.7 (50.7)      227       225.9, 247 

90.7 (33.4)     87.5        83.6, 97.7 

57.5 (26.9)     52.5        51.7, 63.1 

33.3 (16.7)      31.5        29.7, 36.7 

249 (177.9)       202          211, 286 

187 (153.7)    176.7          154, 219 

17.5 (10.0)      17.1        12.2, 22.6 

122.3 (107)       110         99.6, 145 

126.5 (129)      84.7         99, 153.9 

8.5.6 Gender and consumption of acidic dietary items 

The data showed the mean daily intake of total intake of acidic items, acidic drinks and acidic 

confectionery intake were higher in girls than boys (Table 8.4).  The mean (SD) daily intake 

of total intake of acidic items for boys was 244 g/day (197.8) and 249 g/day (177.9) for girls.  

Mann-Whitney test showed that there was a statistically significant difference in the mean 

total daily intake of acidic items between boys and girls (p= 0.015).  The mean (SD) daily 

intake of acidic drinks for boys was 188 g/day (175) and 187g/day (153.7) for girls, 

respectively.  The mean daily intake of acidic confectionery for boys was 13.2g/day (10.2) 

and 14g/day (10.0) for girls, respectively.  There were no statistically significant gender 

differences for daily acidic drinks and confectionery intakes (Mann-Whitney test).  When the 

mean daily total intake of acidic items was compared by eating event and gender; the mean 
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daily intake of total intake of acidic items with meals for the boys (119 g/day) was less than 

girls (122 g/day).  The mean daily total acidic foods intake as snacks for boys (125 g/day) was 

also less than girls (126 g/day), respectively.  These differences were not statistically 

significant (Table 8.4).   

8.5.7 Water and fluoride 

8.5.7.1 Tap water 

Out of 180 subjects, 153 subjects (85%) consumed tap water.  Mean daily tap water intake 

was 0.34 litres (SD±0.27).  The mean frequency of tap water intake was 2.5 times a day and 

ranged between 0.3 and 7 times a day.  The overall mean daily fluoride intake from tap water 

was 0.26 mg (SD±0.165), while the mean fluoride intake from tap water was 0.29 mg 

(SD±0.188), 0.25 mg (SD±0.204), and 0.25 mg (SD±0.189) for the first, second and third day 

of the food diaries respectively.  The mean total fluoride intake from tap water consumed by 

child over 3 days was 0.80 mg (SD±0.495) (Table 8.5).   

8.5.7.2 Bottled water 

Out of 180 subjects, 56 subjects (31%) consumed bottled water and the mean daily intake for 

subjects who consumed bottled water was 0.09 litres (SD±0.19).  The mean frequency of 

bottled water intake was 1.8 times a day and ranged between 0.3 and 8.7 times daily.  The 

mean daily fluoride intake from bottled water consumed was 0.08 mg (SD±0.087).  The mean 

fluoride intakes from bottled waters were 0.10 mg (SD±0.117), 0.07 mg (SD±0.103) and 0.06 

mg (SD±0.091) for first, second and third day respectively.  The mean total fluoride intake 

from bottled water consumed by children who drank bottled water over 3 days was 0.25 mg 

(SD±0.260) (Table 8.6).   
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8.5.7.3 Tap and bottled water 

Mean daily intake of water (tap and bottled) by the total number of the sub-sample (180 

subjects) was 0.43 litres.  The mean daily fluoride intake from water was 0.24 mg 

(SD±0.164).  The mean fluoride intake from water over three days was 0.74 mg (SD±0.493).  

The mean fluoride concentration of water consumed was 0.57 mg/litre (SD±0.205) (Table 

8.7).   

The number of children who just consumed tap only, bottled only and both water (tap and 

bottled) were 119 (66%), 22 (12%) and 34 (19%), respectively.   

Table 8.5: Mean, standard deviation (SD), median and range of fluoride intake over 3 days, 
daily fluoride intake, fluoride concentration, daily intake of tap water, intake of tap water over 3 
days and daily frequency intake of tap water for the 153 subjects in the sub-sample consuming 
tap water.  

N = 153 subjects Mean (SD) Median Range 

Total fluoride intake from tap water over 3 days (mg) 

Daily fluoride intake from tap water (mg) 

Fluoride concentration of tap water (mg/litre) 

Volume of tap water intake over 3 days (litre) 

Daily tap water intake (litre) 

Daily frequency of tap water intake (no. of intakes) 

0.80 (0.49) 

0.26 (0.16) 

0.66 (0.11) 

1.00 (0.80) 

0.34 (0.27) 

2.5 (1.49) 

0.73 

0.24 

0.67 

0.88 

0.29 

2.33 

0.07-2.69 

0.02-0.90 

0.29-1.10 

0.0-3.23 

0.0-1.08 

0.33-7.0 

Table 8.6: Mean, standard deviation (SD), median and range of the fluoride intake over 3 days, 
daily fluoride intake, fluoride concentration of bottled water, intake of bottled water over 3 
days, daily bottled water intake and daily frequency of bottled water intake for 56 subjects in 
the sub-sample consuming bottled water. 

N = 56 subjects Mean (SD) Median Range 

Total fluoride intake from bottled water over 3 days (mg) 

Daily fluoride intake from bottled water (mg) 

Fluoride concentration of bottled water (mg/litre) 

Volume of bottled water intake over 3 days (litre) 

Daily bottled water intake (litre) 

Daily frequency of bottled water intake (no. of intakes) 

0.25 (0.26) 

0.08 (0.08) 

0.27 (0.16) 

0.28 (0.56) 

0.09 (0.19) 

1.80 (1.46) 

0.14 

0.05 

0.25 

0.00 

0.00 

1.67 

0.01-1.07 

0.0-0.36 

0.05-0.77 

0.0-3.56 

0.0-1.19 

0.3-8.67 
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Table 8.7: Mean, (SD), median and range of the fluoride intake over 3 days, daily fluoride  
intake, fluoride concentration of tap and bottled water, intake of tap and bottled water  
over 3 days and daily intake for the sub-sample of 180 subjects based on 3-day food diary. 

N = 180 subjects Mean (SD) Median Range 

Total fluoride intake from tap and/or bottled water over 3 days (mg) 

Daily fluoride intake from tap and/or bottled water (mg) 

Fluoride concentration of tap and bottled water (mg/litre) 

Volume of tap and bottled intake water over 3days (litres) 

Daily tap and bottled water intake (litre) 

0.74 (0.49) 

0.24 (0.16) 

0.57 (0.20) 

1.29 (0.75) 

0.43 (0.25) 

0.68 

0.22 

0.61 

1.23 

0.41 

0.0-2.69 

0.0-90.0 

0.0-1.10 

0.0-3.76 

0.0-1.25 

8.5.8 Prevalence of dental erosion in the sub-sample 

Of the 180 subjects, 70 (38.9%) had experience of dental erosion.  There were 110 subjects 

(61.1%) had no evidence of dental erosion.   

A higher experience of erosion was observed amongst girls than boys, but this difference was 

not statistically significant (Fisher’s exact test; p= 0.647) (Table 8.8).   

Table 8.8: Significance of association (P) between the number (N) and proportion (%) of 
subjects with or without experience of dental erosion in the sub-sample and gender. 

Experience of dental erosion 
Gender Girls Boys Both 

 Yes No Total Yes No Total Yes No Total
No. of subjects 

% 
36 

40.9 
52 

59.1 
88 

100.0
34 

37.0 
58 

63.0 
92 

100.0 
70 

38.9 
110 
61.1 

180 
100.0 

   Fisher’s exact test; p= 0.647    OR= 1.18 (95% CI 0.65, 2.15) 

8.5.9 Prevalence of dental caries of the sub-sample 

Of the 180 subjects, 111 (61.7%) had experience of dental caries.  There were 69 subjects 

(38.3%) had no evidence of dental caries.   

A higher experience of caries was observed amongst boys than girls.  This difference was 

statistically significant (Fisher’s exact test; p= 0.047) (Table 8.9).   
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Table 8.9: Significance of association (P) between the number (N) and proportion (%) of 
subjects with or without experience of dental caries in the sub-sample and gender. 

Experience of dental caries 
Gender Girls Boys Both 

 Yes No Total Yes No Total Yes No Total
No. of subjects 

% 
61 

69.3 
27 

30.7 
88 

100.0
50 

54.3 
42 

45.7 
92 

100.0 
111 
61.7 

69 
38.3 

180 
100.0 

    Fisher’s exact test; p= 0.047    OR= 1.90 (95% CI 1.03, 3.50)    

8.5.10 Erosion and its association with acidic drinks and foods 

The mean total acidic items and acidic drinks intakes for subjects with and without dental 

erosion were similar. In addition, subjects with erosion had a similar acidic fruit and acidic 

confectionery intakes when compared with subjects without erosion (p> 0.5) (Table 8.10).   

8.5.11 Erosion and its association of drinking water consumption 

Subjects with and without dental erosion had similar mean daily fluoride intakes from tap, 

bottled and both tap and bottled water and similar mean daily volume intakes of tap, bottled 

and both tap and bottled water (p>0.5).  In addition, there were no statistically significant 

associations between fluoride concentration of tap, bottled and both tap and bottled water and 

experience of dental erosion (Table 8.11).   

8.5.12 Dental caries and sugared-acidic drinks and foods 

The majority of subjects (61.7%, 111) had experience of dental caries whilst 38.3% (69) had 

no evidence of caries.  Subjects with and without dental caries had similar total acidic items, 

acidic drinks, fruit, acidic confectionery, total sugars and Non-Milk Extrinsic Sugars (NMES) 

intakes.  The associations were not statistically significant (Table 8.12).   

8.5.13 Caries and its association of drinking water consumption 

Subjects with and without dental caries had similar mean daily fluoride intakes from tap and 

both tap and bottled water and similar mean daily volume intakes of tap and both tap and 
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bottled water (p>0.5), but there were statistically significant positive associations between 

dental caries and mean daily fluoride intake and mean daily volume intakes of bottled water 

(p<0.05). There were no statistically significant associations between fluoride concentration 

of tap, bottled and both tap and bottled water and experience of dental caries (Table 8.13).   

 



Table 8.10: Daily total acidic intake, acidic drinks, fruit, confectionery: comparison of Libyan children (n = 180 subjects, based on a 3-day food diary) with 
(n = 70, 38.9%) and without dental erosion experience (n = 110, 61.1%) and mean, standard deviation (SD), mean difference, 95% Confidence Intervals 
(CI) of the mean difference, median, interquartile range (IQR) and significance of difference (P) between the median daily intakes of these items. 

95% CI of the 
mean difference1

 Experience of 
erosion 

 
(n = 180) 

Mean SD Mean 
difference 

 
Lower   Upper 

Median IQR P2

Total acidic intake (g/day)  
 
 
 

Acidic drinks (g/day) 
 
 
 

Acidic fruits (g/day) 
 
 
 

Acidic confectionery (g/day)  
 
 
 

Total sugars (g/day) 
 
 
 

NMES (g/day) 
 
 

Yes 
No 

 
 

Yes 
No 

 
 

Yes 
No 

 
 

Yes 
No 

 
 

Yes 
No 

 
 

Yes 
No 

 207 
 206 

 
 

 183 
 190 

 
 

 6.69 
 7.77 

 
 

10.35 
11.92 

 
 

93.23 
88.22 

 
 

55.82 
55.89 

  196 
  221 

 
 

   156 
   170 

 
 

  6.69 
10.11 

 
 

  9.66 
10.97 

 
 

31.02 
32.38 

 
 

24.81 
26.17 

-1.9 
 
 
 

7.16 
 
 
 

1.07 
 
 
 

1.57 
 
 
 

-5.01 
 
 
 

0.07 

-65.9, 62.11 
 
 
 

-42.6, 56.91 
 
 
 

-1.62, 3.77 
 
 
 

-1.59, 4.73 
 
 
 

-14.62, 4.60 
 
 
 

-7.66, 7.81 

194 
162 

 
 

165 
137 

 
 

4.53 
4.53 

 
 

8.02 
9.32 

 
 

90.20 
83.49 

 
 

50.49 
51.13 

342 
333 

 
 

200 
220 

 
 

  11 
  12 

 
 

  9.60 
16.69 

 
 

44.00 
43.48 

 
 

33.27 
31.23 

0.639 
 
 
 

0.966 
 
 
 

0.809 
 
 
 

0.434 
 
 
 

0.167 
 
 
 

0.810 

    1The 95% CI was presented to help with the visualisation of the distribution of the data      2Mann-Whitney U test for difference between medians   
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Table 8.11: Intake of tap, bottled and all waters and daily intake of fluoride from these waters and fluoride concentration: comparison of Libyan  
children  (n=180 subjects, based on 3-day food diary data) with (n=70, 38.9%) and without erosion experience (n= 110, 61.1%) and mean, standard 
deviation (SD), mean difference, 95% confidence intervals (CI) of the mean difference, median, interquartile range (IQR) and significance of difference (P) 
between the median daily intakes of these items. 

95% CI of the 
mean difference1

 Experience of  
erosion 

 
(n=180) 

Mean SD Mean 
difference 

 
Lower  Upper 

Median IQR P2

Daily fluoride intake from tap water (mg) 
 
 
Daily fluoride intake from bottled water (mg) 
 
 
Daily fluoride intake from tap and bottled water (mg) 
 
 
Daily volume intake of tap water (litre) 
 
 
Daily volume intake of bottled water (litre) 
 
 
Daily volume intake of tap and bottled water (litre) 
 
 
Fluoride concentration of tap water (mg/litre) 
 
 
Fluoride concentration of bottled water (mg/litre) 
 
 
Fluoride concentration of tap and bottled water (mg/litre) 
 
 

Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

0.21 
0.23 

 
0.03 
0.03 

 
0.24 
0.26 

 
0.33 
0.34 

 
0.09 
0.09 

 
0.42 
0.43 

 
0.57 
0.53 

 
0.09 
0.09 

 
0.58 
0.56 

0.17 
0.19 

 
0.06 
0.07 

 
0.15 
0.17 

 
0.27 
0.27 

 
0.18 
0.19 

 
0.25 
0.24 

 
0.29 
0.29 

 
0.17 
0.17 

 
0.19 
0.21 

   0.01 
 
 

0.002 
 
 

  0.02 
 
 

 0.02 
 
 

 0.002 
 
 

0.02 
 
 

-0.04 
 
 

0.008 
 
 

-0.02 
 

-0.04, 0.07 
 
 

-0.02, 0.02 
 
 

-0.03, 0.07 
 
 

-0.07, 0.09 
 
 

-0.05, 0.06 
 
 

-0.06, 0.09 
 
 

-0.12, 0.05 
 
 

-0.04, 0.06 
 
 

-0.08, 0.04 

0.18 
0.19 

 
0.00 
0.00 

 
0.23 
0.23 

 
0.26 
0.30 

 
0.00 
0.00 

 
0.39 
0.42 

 
0.65 
0.64 

 
0.00 
0.00 

 
0.62 
0.61 

0.25 
0.26 

 
0.01 
0.02 

 
0.22 
0.21 

 
0.35 
0.37 

 
0.11 
0.11 

 
0.30 
0.33 

 
0.18 
0.24 

 
0.09 
0.15 

 
0.21 
0.30 

0.843 
 
 

0.709 
 
 

0.680 
 
 

0.699 
 
 

0.699 
 
 

0.399 
 
 

0.641 
 
 

0.761 
 
 

0.616 

    1The 95%CI was presented to help with the visualisation of the distribution of the data     2Mann-Whitney U test for difference between medians   
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Table 8.12: Daily total acidic intake, acidic drinks, fruit, confectionery, total sugars and NMES: comparison of Libyan children (n = 180 subjects, based on 
a 3-day food diary) with (n = 111, 61.7%) and without caries experience (n = 69, 38.3%) and mean, standard deviation (SD), mean difference, 95% 
Confidence Intervals (CI) of the mean difference, median, interquartile range (IQR) and significance of difference (P) between the median daily intakes of 
these items. 

95% CI of the mean 
difference1

 Experience of 
caries 

 
(n = 180) 

Mean SD Mean 
difference 

 
Lower  Upper 

Median IQR P 

Total acidic intake (g/day) 
 
 
 

Acidic drinks (g/day) 
 
 
 

Acidic fruits (g/day) 
 
 
 

Acidic confectionery (g/day) 
 
 
 

Total sugars (g/day) 
 
 
 

NMES (g/day) 
 
 

Yes 
No 

 
 

Yes 
No 

 
 

Yes 
No 

 
 

Yes 
No 

 
 

Yes 
No 

 
 

Yes 
No 

202 
213 

 
 

183 
195 

 
 

7.07 
7.83 

 
 

 12.27 
   9.76 
 
 
 90.07 
 90.33 

 
 

 56.11 
 55.47 

 205 
 222 

 
 

 157 
 176 

 
 

 7.49 
 10.89 

 
 

11.43 
  8.59 

 
 

32.79 
30.56 

 
 

25.91 
25.22 

10 
 
 
 

     12.9 
 
 
 

   0.789 
 
 
 

    -2.51 
 
 
 

   0.262 
 
 
 

  -0.643 

-53.24, 75.10 
 
 
 

-36.94, 62.79 
 
 
 

    -1.91, 3.49 
 
 
 

     -5.67, 0.64 
 
 
 

    -9.40, 9.93 
 
 
 

    -8.40, 7.11 
 

 

180 
182 

 
 

150 
141 

 
 

6.39 
4.16 

 
 

      10.16 
        7.58 

 
 

      87.08 
      88.08 
 
 
      51.26 
      48.75 

      336 
      347 

 
 

      176 
      243 

 
 

12.47 
11.06 

 
 

16.58 
12.40 

 
 

50.54 
35.62 

 
 

31.21 
32.22 

0.9132

 
 
 

0.8192

 
 
 

0.5972

 
 
 

0.2702

 
 
 

 0.9573

 
 
 

 0.8703

   1The 95% CI was presented to help with the visualisation of the distribution of the data   2Mann-Whitney U test for difference between medians    3Linear association exact test   
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95% CI of the 
mean difference1

 Experience 
of caries 
(n = 180) 

Mean SD Mean 
difference 

Lower  Upper 

Median IQR P2

Daily fluoride intake from tap water (mg) 
 
 
Daily fluoride intake from bottled water (mg) 
 
 
Daily fluoride intake from tap and bottled water (mg) 
 
 
Daily volume intake of tap water (litre) 
 
 
Daily volume intake of bottled water (litre) 
 
 
Daily volume intake of tap and bottled water (litre) 
 
 
Fluoride concentration of tap water (mg/litre) 
 
 
Fluoride concentration of bottled water (mg/litre) 
 
 
Fluoride concentration of tap and bottled water (mg/litre) 
 
 

Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

 
Yes 
No 

0.23 
0.21 

 
0.03 
0.01 

 
0.26 
0.22 

 
0.34 
0.32 

 
0.12 
0.06 

 
0.46 
0.39 

 
0.54 
0.54 

 
0.07 
0.12 

 
0.58 
0.56 

0.18 
0.18 

 
0.07 
0.05 

 
0.16 
0.17 

 
0.27 
0.26 

 
0.21 
0.14 

 
0.26 
0.23 

 
0.29 
0.28 

 
0.18 
0.14 

 
0.19 
0.23 

-0.02 
 
 

-0.01 
 
 

-0.04 
 
 

-0.02 
 
 

-0.05 
 
 

-0.07 
 
 

0.0002 
 
 

-0.042 
 
 

-0.02 
 

-0.08, 0.03 
 
 

-0.03, 0.005 
 
 

-0.09, 0.01 
 
 

-0.10, 0.06 
 
 

-0.11, 0.005 
 
 

-0.15, 0.003 
 
 

-0.09, 0.09 
 
 

-0.09, 0.008 
 
 

-0.09, 0.04 

0.22 
0.00 

 
0.00 
0.00 

 
0.25 
0.19 

 
0.30 
0.29 

 
0.00 
0.00 

 
0.42 
0.39 

 
0.64 
0.63 

 
0.00 
0.00 

 
0.61 
0.63 

0.27 
0.00 

 
0.02 
0.00 

 
0.22 
0.22 

 
0.36 
0.37 

 
0.13 
0.00 

 
0.35 
0.29 

 
0.23 
0.24 

 
0.18 
0.00 

 
0.22 
0.32 

0.344 
 
 

0.044* 
 
 

0.064 
 
 

0.699 
 
 

0.038* 
 
 

0.104 
 
 

0.974 
 
 

0.051 
 
 

0.951 

Table 8.13: Intake of tap, bottled and all waters, intake of fluoride from these waters and fluoride concentration: comparison of Libyan children (n = 180 
subjects based on 3-day food diary data) with (n = 111, 61.7%) and without caries experience (n = 69, 38.3%) and mean, standard deviation (SD), mean 
difference, 95% Confidence Interval (CI) of the mean difference, median, Interquartile range (IQR) and significance of difference (P) between the median 
daily intakes of these items. 

      1The 95% CI was presented to help with the visualisation of the distribution of the data      2Mann-Whitney U test for difference between median    *Statistically significant at p<0.05   

 



8.6 Discussion 

8.6.1 The study sample and the aims 

Dietary information was collected from a randomly selected sub-sample of 180 12 year-old 

Libyan schoolchildren.  It was beyond the timescale available for the present study to collect 

detailed dietary information from the total study sample which was 792 subjects.  

Undertaking dietary assessment on a sub-sample of 180 children gave a 95% power to detect 

a correlation coefficient of 0.3 assuming a Type 1 error rate of 5%. Boys represented 51% 

(92) and the girls 49% (88) of the sub-sample study population.   

One of the subsidiary aims of the overall study was to investigate any association between the 

daily intake of acidic foods and drinks and dental erosion in 12 year-old schoolchildren in the 

sub-sample in Benghazi, Libya.  The aim of the food diary assessment was to estimate the 

daily intake (g/day) of total intake of acidic foods and drinks.  It also aimed to assess the daily 

total intake of acidic items according to eating events (i.e. with meals or as snacks) and to 

estimate daily energy intake and total weight of acidic items consumed as meals and snacks, 

daily intake of total sugars, NMES, IMS, protein, fat, carbohydrate.  In addition, the food 

diary was used to estimate the daily intake (litres) of, and fluoride intake (grams) from the 

drinking water (tap, bottled and both) and frequency of water consumption and to investigate 

any gender differences in the daily intake of the above stated macronutrients and acidic items.   

8.6.2 Limitations of the study 

There is no perfect method of dietary assessment.  The three-day dietary diary has its 

limitations as do other methods used to collect the dietary information, which mainly relate to 

reduced accuracy in the data collected.  The dietary data collected by a 3-day dietary diary is 

less accurate than dietary data collected by a weighed food diary.  Co-operation of the 
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respondent is required, to record the detailed dietary information and not to change the dietary 

habits during the recording time (Anderson, 1995; Walker et al., 2000; Biro et al., 2002).  In 

addition, it is time consuming for the subjects.  On the other hand, the three-day food diary 

provides a good estimate of the mean intake of a group (Hackett et al., 1983), and this 

information was needed in the study.  The three-day food diary is a relatively low cost method 

and causes less disturbance to the subjects’ daily activities when compared with other 

methods such as a weighed food diary.  However, many studies have recorded the daily 

frequency of selected foods and drinks consumption using a food frequency questionnaire 

(FFQ) (Hinds and Gregory, 1995; Walker et al., 2000).  The FFQ method gives the estimation 

of the frequency of foods and drinks for a limited number of food items only, and for this 

reason, it may not sensitive enough to look at the total daily frequency of foods and drinks 

intake and it could not give information on time of consumption and whether intakes were 

associated with meals or snacks.  Moreover, the three-dietary dairy provides more accurate 

information about the frequently, quantity, time and pattern of consumption of foods and 

drinks and does not rely on memory, as other methods such as the 24 hour dietary recall do 

(Anderson, 1995).   

It was challenging and time consuming in respect of the arrangement for transportation of the 

water sample tubes from UK to Benghazi, then import these materials to Benghazi and 

finally, transportation of the water samples from Benghazi to UK and securing the 

permissions from the Libyan authorities, the Food Standards Agency and Newcastle 

University in the UK to allow the importation of water samples.   

8.6.3 Validation of the dietary data 

Overall, the mean physical activity level (PAL) for all the subjects was 1.3, suggesting good 

or normal reporters.  The mean PAL for girls was 1.3, suggesting that they were normal-

reporters (Torun et al., 1996), while the mean PAL for boys was 1.2, suggesting that they 
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were under-reporters (Torun et al., 1996).  In a repeated UK survey, in 2000, PAL for girls 

and boys was reported as 1.38 which was still higher than present figure (Fletcher et al., 

2004b).  However, when comparison was made of mean daily intakes of macronutrients along 

with the percentage of dietary energy derived from them and the subjects who classified as 

under-reporters (boys) and good-reporters (girls), found that the mean daily intake of total 

sugars and NMES, and the main contribution of total sugars and NMES to energy intake were 

slightly lower in the under-reporters than good-reporters.  The mean daily intake of total 

acidic foods was significantly lower in under-reporters than normal-reporters.  A repeated 

cross-sectional survey which investigated the changes of macronutrient intake and body mass 

index in 11-12 year-old children in Northumberland for 1980, 1990 and 2000 found, the 

percentages of boys with PAL below 1.1 were 6%, 15% and 23%, respectively, for girls 3%, 

14% and 18%, respectively (Fletcher et al., 2004b).   

There are many reasons which may be responsible for the under-reporting.  It is difficult to 

assess the food portion size correctly as the method relies on the participant and they were 

required to recognise and describe quantities in terms of proportions and units.  It is also 

difficult to record all the dietary details and record the small weight products like sugar in a 

piece of chewing gum.  Co-operation and interest of the subjects are necessary to recall all 

these small dietary items. Subjects may not record the actual intake from foods especially 

unhealthy or sugary foods or may purposely omit or not record as consumed as it is known 

these foods should not be consumed frequently. These subjects were outliers.  A UK dietary 

survey using a weighed food intake diary found that over-reporting was not very common, but 

under-reporting the intake of NMES was a problem amongst 15-18 year-old girls (Gregory et 

al., 2000).  Under-reporting is more common in overweight than in normal weight subjects 

(Aeberli et al., 2007).  Recording reliability decreases over time and the number of omitted 

foods increases due to participant fatigue (Anderson, 1995; Biro et al., 2002).  In addition, 

some of the participants may have change of their diet diary intake during the period of 
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recording (Walker et al., 2000).  However, there seems to be no reason to believe that under-

reporting or over-reporting would have been biased towards subjects with or without erosion.   

8.6.4 Dietary interviews 

Subjects were interviewed one by one in any available free place within the schools.  The use 

of domestic measures, such as different sizes of plates, cups and spoons helped the subjects to 

estimate the food portion sizes and give clear dietary information.  The subjects were asked if 

there had been any changes in their dietary habits during the recording period.  The most 

common reason for changing their diet was attendance at parties.  When the subjects were 

asked if they usually had the food diary with them during the 3-day period, majority claimed 

the food diary was with them all the time and this could be confirmed by different patterns of 

handwriting and different pens used in the recording in the food diaries which suggested its 

completion at different times.  Some subjects claimed they did not take the food dairy with 

them out of the house all the time, but they completed it immediately after returning home 

which may have affected the accuracy of data collected.  

8.6.5 Dietary analysis  

It is important to highlight that many of the foods and drinks consumed by the Libyan 

children were the same as those available in the UK.  In addition, the pre-existing database 

available in the UK allowed for the categorisation of foods and drinks according to their 

acidic content, which was an essential part of the present dietary analysis.  The selection of 

best matches for the Libyan foods within the UK food tables was possible, since the present 

analysis focused on energy and macronutrients, and did not measure micronutrients intake 

which may have been different between the foods.  A study in the UK considered that 

definition as a meal required the meeting of at least three of the following criteria: a number 

of items eaten together and consisting at least three items, making a major contribution to the 
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energy intake for that day, eaten at recognised mealtimes, usually be consumed over a period 

of more than 15 minutes (Fletcher, 2003).  The categorisation of meals and snacks adopted in 

the present study was similar to this in most aspects, but also considered the general lifestyle 

of Libyan children in Benghazi.  Some subjects skipped breakfast at home and when asked 

about it, those children said that they did not feel hungry when woke up or they were late at 

school time and no time to have their breakfast.  Schoolchildren attend schools from 8am in 

the morning, and usually have their breakfast at home (usually a light food intake) and took 

their meal with them in a lunch box or bought their foods from school canteens.  They had 

their meal at the school break time of 10:30pm.  The light food consumed at home was 

considered as a snack and the food consumed in schools at break time 10:30am was 

considered as their first meal (breakfast).  When they returned home from school between 1 

and 3 pm they consumed the main meal of day which was lunch.  They consumed dinner 

between 6 and 9 pm.  In the present study no information was collected regarding where the 

food was consumed.  All foods consumed by the subject were considered as consumed at 

home.  Consequently, as a result of the differences in the dietary patterns, the meals and 

snacks in this study were not only based on the usual mealtimes (breakfast, lunch and dinner) 

but also the contribution to the daily energy intake from each food and drink consumption.   

The analysis of the dental examination data from the present sub-sample seemed to confirm 

that it was representative of the study sample population.  Over one third of the subjects had 

experience of dental erosion, which was higher amongst girls, whilst approximately two thirds 

had experience of dental caries, which was also higher amongst girls, following the same 

trend observed for the whole study population. Comparing the experience of dental erosion 

and caries in the sub-sample was found, 38.9% of the subjects had experience of dental 

erosion, whilst the majority 61.7% had experience of dental caries, following the same trend 

observed for the whole study population.  In addition, results from questionnaire support the 

findings of the estimated food diary.   
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Obtaining general dietary information from the subjects, which is essential to provide a basis 

for dietary counselling requires analysis of the macronutrient intake by the subjects and 

estimate of the daily energy intake.  In the present study, the daily energy intake (EI) observed 

for the sub-sample of 180 children was 1675 kcal/day; 1686 kcal/day (SD± 392.8) for boys 

and 1663 kcal/day (SD± 342.5) for girls.  These figures were lower than the UK Estimated 

Average Requirement (EAR) for 11-14 year-olds of 2214 kcal/day for boys and 1892 kcal/day 

for girls (Department of Health, 1991).  Similarly, the daily energy intakes found in the 

present study were lower than those observed for 74 6-14 year-old Swiss boys; 1951 kcal/day, 

but similar to the 1687 kcal/day, for girls, but it is important to highlight that different 

methodologies were used to collect dietary information in the two studies, since in the Swiss 

study, 24-hour recall and one 1-day food record were used and different age groups (Aeberli 

et al., 2007).  In a study carried out to assess the dietary intake for 11-16 year-old children in 

Switzerland through a 3-day food diary, the mean daily energy intake was 8025 kJ for girls 

and 9350 kJ for boys (Decarli et al., 2000).  These results were also higher than the present 

study (7011 kJ for girls and 7107 kJ for boys), and again with considering the different age 

groups used.  The mean energy intakes of children in this study were slightly lower than that 

found for 424 11-12 year-old children in South Northumberland, UK; by means of two 3-day 

estimated dietary records, boys 8.45 MJ and girls 7.60 MJ (Zohouri et al., 2004).  The present 

results might be due to variability in the subjects’ estimation of portion sizes which might 

have contributed to under-reporting, which is likely to occur when working with dietary 

assessment (Gregory et al., 2000), or may have been due to the difficulty in accurate 

measuring of dietary intake, particularly in children (Aeberli et al., 2007), or perhaps they just 

ate less.  However, it has to be considered that the national average included different age 

groups and variations exist in dietary intakes between ages.  In addition, different 

methodologies were used to collect the dietary data.   
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The contribution of daily energy intake for the carbohydrates (54%) represented the major 

source of energy intake for the Libyan children, followed by fat (30.3%) and protein (15.7%).  

This contribution to energy intake from macronutrients seemed to be in line with the general 

guidelines for food consumption; for carbohydrate (between 55% and 75%), fat (between 

15% and 30%), protein (between 10% and 15%) (WHO, 2003).  In the present study, the daily 

intakes of carbohydrate, fat and protein were for boys; 237 g/day, 59 g/day and 65 g/day 

respectively, and for girls were 236 g/day, 57 g/day and 64 g/day respectively.  When these 

results were compared with the Swiss study, it found that they were lower than the daily 

intake of carbohydrate and fat (243 g/day, 77 g/day, respectively), but they were above the 

daily intake of protein (62 g/day) for Swiss boys.  For girls, the results were different; the 

daily intakes of carbohydrate and protein for Swiss girls (212 g/day, 53 g/day, respectively), 

were lower than in the present study, but the daily intake of fat (68 g/day) was greater 

(Aeberli et al., 2007).  When the results of the present study were compared with a UK survey 

in 424 11-12 year-old children in Northumberland who completed two 3-day food diaries 

higher figures were found for the daily intake of carbohydrate, fat and protein, for boys (277 

g/day, 79 g/day and 62.5 g/day) and for girls (249 g/day, 72.7 g/day and 53.6 g/day), 

respectively (Fletcher et al., 2004b).   

The mean daily intake of total sugars in the present study was approximately 90 grams/day 

which was lower than that reported in a Brazilian study (143 grams/day) of 14 year-olds 

(Auad, 2006).  With highlights the different age groups in both studies but similar methods 

used.  When the contribution to the daily energy intake from sugars was assessed, it was 

found that the total sugars contributed to 20% of the daily intake amongst 12 year-old Libyan 

schoolchildren, and this was slightly lower than the 23% found in a UK study (Hackett et al., 

1984) and 22.8% found in the Brazilian study (Auad, 2006).  The present study showed the 

mean daily intake of NMES for all subjects to be 56 grams/day.  Extrapolation of this figure 

could produce an estimate of mean NMES intake to be 20.4 kg/year which is higher than the 
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WHO recommendation of no more than 15 kg/year/person (WHO, 2003).  On the other hand, 

the daily intake of NMES in the present study was lower than figures from a repeated UK 

survey, 1980 (80g), 1990 (90g) and 2000 (82g) (Fletcher et al., 2004b) and half the intake 

estimated (111grams) in the Brazilian study (Auad, 2006).  The NMES intake in this study 

was the major contributor to the total sugars consumption amongst Libyan children (12.6%), 

which was higher than the Dietary Reference Value (DRV) for daily energy intake from 

NMES (6-10%) (Department of Health, 1991; WHO/FAO, 2003), but it was lower than the 

17.7% found in the Brazilian study (Auad, 2006) and lower than the figure 16% in UK survey 

(Fletcher et al., 2004b).  The mean daily intakes of NMES and IMS respectively, in present 

study, were for the 92 boys, 54 g/day (SD±24) and 35 g/day (SD±19) while for the 88 girls 

the intakes were 57 g/day (SD±26) and 33 g/day (SD±16), respectively.  These intakes were 

lower than those found in the National Diet and Nutrition Survey (NDNS) of young people 

aged 4-18 years in which NMES intake was 85 g/day (SD±38) in boys and 69 g/day (SD±29) 

in girls and the mean contribution to daily energy intake was 17% (Gregory et al., 2000).  

These differences might be due to the different methodologies used (NDNS used 7-day 

weighed food diary), the accurate measuring dietary intake is difficult due to under-reporting, 

and the different number and age of subjects that participated in the studies.  In addition, the 

access to certain foods such as dietary sugars might be easier and less expensive than other 

constituents of diet.  However, it is less interesting to find out that  the results of the present 

study showed children consumed higher than the Dietary Reference Value (DRV) for NMES 

which is 40-55 g/day and higher than the daily energy intake (6-10%) (Department of Health, 

1991; WHO, 2003).  On the other hand, it is a cause of concern that the contribution of 

NMES to daily energy intake of Libyan subjects was higher at snacks times (23%) than at 

meal times (8%), when this may cause more damaging effects to the teeth surfaces as salivary 

flow is low and its buffering capacity is reduced between meals.   
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The median daily total intake of acidic foods and drinks amongst Libyan children was 203 

grams/day (IQR 114.5-355.7); half that found amongst 14 year-old Brazilian subjects (400 

grams), although this could be partly due to the difference in age of the subjects, since similar 

methodologies were used to collect dietary information in the two studies (Auad, 2006).   

Acidic drinks were the main source of total dietary acids, with a median daily intake of 145 

gram/day (IQR 66.7-266.7) in the present study.  This figure was also lower than the one 

observed in the Brazilian subjects (340 grams) (Auad, 2006).  Moreover, this intake much 

lower than UK National Survey amongst 11-14 year-olds (Walker et al., 2000), which found 

the mean daily intake of carbonated drinks, concentrated and ready to drink soft drinks, and 

fruit juices were 240 grams, 352 grams and 54 grams, respectively.  With highlights different 

methodologies and age groups.  The median daily consumption of acidic confectionery was 

11 grams/day (IQR 6.1-18.9) in the present study, which was above the figure in the Brazilian 

study (8 grams/day) (Auad, 2006).  In the present study, the median daily consumption of 

fresh fruits was only 10 grams/day (IQR 4.5-15.4) (excluding fruit juices), which is far below 

the current recommendation.  Results from the questionnaire (Section 6.4.3) support the 

findings of the estimated food diary, as only 6% of the Libyan subjects reported the intake of 

two to four portions of fruits per day (excluding bananas), and this below the current dietary 

recommendations of at least five portions of fruits and vegetables per day, 400 grams/day 

(WHO, 2003) for the prevention of chronic diseases such as heart disease, cancer, diabetes 

and obesity.  However, the questionnaire survey did not include questions about the portion 

number of vegetables consumed per day and perhaps they ate lots of vegetables.  This current 

recommendation does not pose a significant risk for dental erosion as most vegetables and 

fruits such as bananas are not erosive.  In the present study, the daily intake of fruits was very 

low, but it seems to be in line with dietary pattern observed for young subjects in other 

studies.  Approximately 14% of 418 14 year-old children in Birmingham never consumed 

fruit (Al-Dlaigan et al., 2001b).  The median daily intake of fruits in this study was lower than 
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the 17 grams/day found in the Brazilian study (Auad, 2006) and much lower than the daily 

fruit intake observed for 11-14 year-olds in the UK which was 36 grams (Walker et al., 2000).  

However, studies show that diets remain high in NMES and low in fruit and vegetables 

(Hinds and Gregory, 1995; Gregory et al., 2000).  However, it is difficult to compare between 

the results of different studies due to the use different methodologies in addition to the 

different sample numbers and age groups.   

8.6.6 Dental erosion and its association with acidic drinks 

There were no statistically significant associations between experience of dental erosion and 

median total acidic items, acidic drinks, fruits and confectionery intakes.  These results 

confirm the findings of a study conducted in Istanbul showing no association between 

experience of dental erosion and acidic drinks intake (Caglar et al., 2005) and the finding of a 

Brazilian study showing no statistically association between erosion and total acidic items, 

confectionery and fruits intakes (Auad, 2006).   

However, the present study was cross-sectional and it was difficult to approximate whether it 

was representative of a long term dietary pattern, which might contribute to a subjects’ 

experience of dental erosion.  In addition, since the study population was not fully exposed to 

the potential risk factors, as the median acidic foods and drinks intakes were low, the present 

results do not provide sufficient evidence to eliminate a possible association between the 

consumption acidic foods and drinks and experience of dental erosion.  

8.6.7 Caries and its association with sugared-acidic drinks and foods 

There was no statistically significant association between subjects with and without 

experience of caries and mean total sugars, sugared-acidic drinks, fruit, and confectionery and 

NMES intakes.   
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The present results are in agreement with some previous studies.  A study conducted in 

Philippines by Yabao et al. (2005) to assess the prevalence of caries and sugar consumption 

among 6-12 year-old children found no statistically significant relationship between sugar 

intake and dental caries. Another study showed no statistically significant association between 

fruit consumption and dental caries (Rugg-Gunn et al., 1984).  Several cross-sectional 

epidemiological studies have reported a weaker association between dietary intake and dental 

caries than may be expected from theoretical considerations.  This might be due to the 

methods used: dietary data obtained from questionnaire or from diet history, covers only one 

day to some months, whilst caries data accumulates over  years (Sudha et al., 2005).  Dental 

caries takes time to develop so it is the diet served years ago that is responsible for disease 

levels, not current diet, so cross-sectional study need to be interpreted cautiously.   

On the other hand, data reported by a review article stated that sugar intake is an important 

risk factor for dental caries (Burt and Pai, 2001).  Several studies reported a relationship 

between amount of sugars consumed and dental caries (Sreebny, 1982; Rugg-Gunn et al., 

1984; Burt et al., 1988; Miyazaki and Morimoto, 1996; Sudha et al., 2005).  Burt et al. (1988) 

investigated the association between sugar intake and dental caries in 499 11-15 year-old 

children in the USA, and found that children who consumed high proportion of sugars had 

higher increments of proximal caries.  A study investigated dental caries and diet of 405 

English adolescents aged 11-12 years reported the consumption of 118g of sugars per day, 

found a significant association between intake of total sugars and dental caries (Rugg-Gunn et 

al., 1984).   

8.6.8 Water consumption  

It is a case of concern that the mean frequency of tap water consumption was 2.5 times a day 

and 1.8 times a day for bottled water.  These frequencies may be not enough to help in 

protection the teeth against dental caries and erosion by the local effect of fluoride on tooth 
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surfaces and may be it was one of the causes of the current prevalence of dental caries and 

erosion.  Fluoride concentration of drinking tap water in Benghazi was 0.66 mg/litre and daily 

fluoride intake from tap was 0.26 mg, and from bottled water was 0.24 mg.  The daily volume 

intake of tap and bottled water was low (0.43 litres), but it seems to be in line with dietary 

patterns observed for adolescents in other countries, with highlighting some children did not 

drink water but drank just soft drinks.  In the UK, the NDNS survey reported that a high 

proportion of children did not consume any plain tap water and the average daily plain tap 

water intake for 11-14 year-olds was 94 ml (0.094 litres) (Gregory et al., 2000); 

approximately third the mean intake of tap water (340 ml) found in the present study.  

Moreover, in a study which investigated the change in water intake in 11-12 year-old English 

children using a 3-day food diary it was found that the mean water intake was 225 ml/day 

(Zohouri et al., 2004), which was approximately half the mean water intake by children in this 

study (0.43 litres = 430 ml/day).   

Drinking water is recognised as a major source of fluoride for the human body.  A low 

volume of water intake usually means a low frequency of water intake which means less 

frequent exposure to the fluoride in water.  Fluoride increases the resistance of teeth to dental 

caries and erosion (Teo et al., 1997; Ganss et al., 2001b; Al-Dosari et al., 2004; Bardsley et 

al., 2004a; Hughes et al., 2004).  Subjects in non-fluoridated areas are 1.5 times more likely 

to have dental erosion compared with subjects in fluoridated areas (Bardsley et al., 2004a).  

Subjects with dental erosion have been found to drink acidic drinks more frequently and milk 

and water less frequently than subjects without dental erosion (O'Sullivan and Curzon, 

2000a).  

In the present study, there were no statistically significant associations between experience of 

dental erosion and median of daily fluoride intake from tap, bottled, both waters, and daily 

volume intake of tap, bottled, both waters.  This is in agreement with a study conducted to 

assess the prevalence of erosion and its association with dietary factors in 202 5 year-old Irish 
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school children which found that levels of dental erosion in fluoridated and non-fluoridated 

areas were similar (Harding et al., 2003).  Fluoride has an effect on erosion; subjects with 

erosion have been encouraged to use fluoridation measures to reduce erosion progression or to 

protect their teeth from dental erosion (Teo et al., 1997; Ganss et al., 2001b; van Rijkom et 

al., 2003; Bardsley et al., 2004b; Ganss et al., 2004; Hughes et al., 2004).   

Given that dental caries is preventable, reduction of the amount and frequency of NMES 

intake, good oral hygiene and exposure to fluoride are still the main causes to attain optimum 

benefit in dental caries prevention.  Dental caries has multifactorial aetiology, looking at one 

variable in isolation is challenging.  Fluoride defends against caries and reduces dental caries 

by up to 50% in children (WHO, 1994).  In the present study, the prevalence of dental caries 

was 57% which may show that Libyan children did not have much benefit from fluoride or 

the fluoride was over whelmed by other exposures to sugars.  Another study was conducted in 

Sudan found  no association between the fluoride concentration of water and prevalence of 

dental caries (Ibrahim et al., 1997).  This is because although fluoride increase the teeth 

resistance to dental caries, it does not remove the cause of dental caries which is dietary 

sugars (WHO, 2003).  In a study which investigated the association between dental caries and 

fluoride it was reported that exposure to fluoride in the first 12 years of life, reduced dental 

caries experience (Teo et al., 1997).  Fluoride increases teeth resistance to dental caries and 

reduces the prevalence and severity of caries, but these benefits will not achieve without a 

reduction in free sugars intake.  Several studies have been conducted and have confirmed the 

beneficial effects of fluoride in drinking water in the prevention of dental caries (Teo et al., 

1997; AlDosari et al., 2004) mainly through topical action.  The inverse relationship between 

fluoride concentration in drinking water and caries is well established with the decline seen in 

dental caries experience being higher in areas with fluoridated water supplies (Sheiham, 

2001).   
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8.7 Conclusions 

The aims of this chapter were achieved.  The findings have highlighted a number of important 

findings which were: 

8.7.1 In respect of acidic foods and drinks: 

 The median daily intake of total acidic items was 203 grams/day; 145 grams/day of 

which was from acidic drinks and 58 grams/day from acidic foods.   

 The median daily energy intake from acidic drinks was 252 kJ/day. 

  The median daily energy intake from acidic foods was 210 kJ/day 

  The median daily intake of fruits was 10 grams/day. 

 The median daily intake of confectionery was 11grams/day.   

 The median daily intake of total acidic items with meals was 104 grams/day, and the 

median percentage contribution to daily energy intake as meals was 3.3%.   

 The daily intake of total acidic items with snacks was 83 grams/day, and the median 

percentage contribution to daily energy intake as snacks was 2.8%.   

8.7.2 In relation to dental erosion and the acidic drinks and foods:  

 There was no statistically significant association between experience of dental erosion 

and acidic foods and drinks intakes.  However, it is not possible to assess whether the 

collected dietary data was representative of a long-term dietary pattern, which would 

potentially contribute to the experience of dental erosion.   

8.7.3 In relation to dental caries and the acidic drinks and foods:  

 There was no statistically significant association between experience of dental caries 

and acidic food and drink intakes.  However, it is not possible to assess whether the 

collected dietary data was representative of a long-term dietary pattern, which would 

potentially contribute to the experience of dental caries.   

The subsidiary aims were achieved: 

8.7.4 In relation to dietary data:  

 221



In respect of dietary sugars: 

 The daily intake of total sugars was 90 grams/day (SD±31).  The percentage 

contribution to daily energy intake from total sugars intake was 20.4%. 

 The daily intake of NMES was 56 grams/day (SD±25), which was approximately 

similar to the dietary reference value (DRV) for NMES which is 40-55 grams/day 

(WHO, 2003). The percentage contribution to daily energy intake from NMES was 

12.6%, which was higher the UK Dietary Reference Value (DRV) and WHO global 

guidelines for daily energy intake from NMES (6-10%) (Department of Health, 1991; 

WHO/FAO, 2003).   

  The daily intake of IMS was 34 grams/day (SD±18). The percentage contribution to 

daily energy intake from IMS was 7.8%.   

 There no association between dental erosion and caries and daily dietary sugar intakes.   

In respect of macronutrients:  

 The daily intakes of protein, fat and carbohydrate were 65 grams/day (SD±15.8), 58 

grams/day (SD±17.3) and 237 grams/day (SD±51.0), respectively.   

 The daily energy intake was 1675 kcal/day (SD±368).   

 The percentage contribution to daily energy intake from protein, fat and carbohydrate 

intakes were 16%, 30% and 54%, respectively, which were in accordance with 

recommendations for daily energy intake from the macronutrients (WHO, 2003).   

In respect to tap and bottled water:  

 The daily intake from tap, bottled and both water were 0.34 litres (SD±0.27), 0.09 

litres (SD±0.19) and 0.43 litres (SD±0.43), respectively.   

 The daily fluoride intake from tap, bottled and both water were 0.26 mg (SD±0.16), 

0.08 mg (SD±0.08) and 0.24 mg (SD±0.16), respectively.   

 The mean frequency of tap and bottled water intakes were 2.5 times/day (SD±1.49) 

and 1.8 times/day (SD±1.46) respectively.   
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8.7.5 In respect to gender: 

 There was no statistically significant difference between daily macronutrients 

consumption and gender except for intake of total acidic items with girls consuming 

more acidic items than boys (p= 0.015).   

 The daily energy intake was 1686 kcal/day ((SD±392) for boys and 1663 kcal/day 

(SD±342) for girls, these figures were lower than the UK Estimated Average 

Requirement (EAR) for 11-14 year-olds of 2214 kcal/day for boys and 1892 kcal/day 

for girls (Department of Health, 1991).   

8.7.6 In respect to fluoride exposure from water supplies and dental erosion: 

 There no association between dental erosion and daily fluoride intake or volume 

intake from drinking water.   

8.7.7 In respect of the additional aim to assess if the sub-sample was representative: 

The sub-sample had similar experiences of dental erosion and dental caries.   

 Of 180 subjects, 70 (38.9%) had evidence of dental erosion, which was over one third 

of the subjects and higher amongst girls than boys, following the same trend observed 

for the whole study population.   

 Of 180 subjects, 111 (61.7%) had dental caries, which was approximately two thirds 

of the subjects and was also higher amongst girls than boys, following the same trend 

observed for the whole study population.   
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Chapter 9 

Multivariate analysis of the association between 

dental erosion and caries and potential risk 

factors 

9.1 Introduction 

Data collected through the dental examinations for dental erosion and dental caries and the 

questionnaire surveys completed by the subjects were analysed in Chapters 6 and 7 

respectively, using a process of bivariate analysis, and including 791 subjects who were 

involved in both the clinical dental examination and questionnaire. Data collected through the 

dental examinations for dental erosion and dental caries and from food diaries completed with 

interviews were analysed in Chapter 8, using a process of bivariate analysis, and including a 

sub-sample of 180 subjects who were involved in dental examination and completed the food 

dairies with interviews.   

The relationships between experience of dental erosion and dietary and non-dietary potential 

risk factors for dental erosion were investigated.  The associations between the experience of 

dental caries and dietary and non-dietary potential risk factors for dental caries were also 

investigated.  In addition, the association between experience of dental erosion and dental 

caries was analysed.   

Bivariate analysis does not consider the influence of confounding factors in the relationships 

under study, thus representing a limitation for investigating relationships between an outcome 

and potential risk factors.   

The use of a multivariate analysis process permits for the control of confounding factors.  

Binary logistic regression analysis is used when the dependent variable (outcome) is 

dichotomous.  The experience of dental erosion (No/Yes) (with no is coded as 0 to indicate 
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that the event has not occurred, while yes is coded as 1 to indicate that the event has occurred) 

was the dependent variable.  

9.2 Aims 

The aims were: 

9.2.1 To investigate associations between experiences of i) dental erosion; ii) dental caries and 

the oral health data collected through the questionnaire survey completed by the whole study 

population (n= 791). 

9.2.2 To investigate associations between experiences of i) dental erosion; ii) dental caries and 

the dietary data collected through the food diaries with interviews completed by the sub-

sample (n= 180).   

9.3 Methods 

To investigate independent associations between the experience of dental erosion and dental 

caries and the variables under study, two stepwise selection logistic regression models were 

developed in SPSS 17.0 for Windows.   

The first model involved the experience of i) dental erosion and ii) dental caries and 

information from the questionnaire survey (791 subjects).   

The second model included the data from the experience of i) dental erosion and ii) dental 

caries and the information from food diaries with interviews (180 subjects).   

The Hosmer and Lemeshow Goodness of Fit test, available in SPSS 17.0 for Windows, was 

used to assess the goodness of fit of each model (Hosmer and Lemeshow, 2000), with p-

values >0.05, it means that the data fits the model and at an acceptable level.   
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9.3.1 Dental erosion-first model (n= 791) 

Variables which were statistically significantly associated with the experience of dental 

erosion at 5% level as assessed by the process of bivariate analysis from the clinical 

examination and questionnaire survey were selected to be included in the logistic regression 

model.  Table 9.1 shows the variables included in the first logistic regression model and their 

related levels of statistical significance observed through the process of bivariate analysis. 

This showed that erosion was statistically significantly positively associated with the 

frequency of consumption of fruit-based sugared drinks and statistically significantly 

negatively associated with the frequency of consumption of carbonated water and sport 

drinks.   

The bivariate analysis also indicated that experience of erosion (Yes/No) was statistically 

significantly positively associated with the length of time taken to consume the drink.   

A higher proportion of subjects with experience of dental erosion was amongst those who 

made the drink last up to 15 minutes or more.   

The bivariate analysis suggested that a lower proportion of subjects with experience of dental 

erosion was associated with increasing the frequency of consumption of tea with milk and 

indicated that experience of erosion was associated with decreasing the frequency of 

consumption of flavoured milk.  A higher proportion of subjects with dental erosion was 

related to a lower frequency of fruit consumption.   

9.3.2 Dental erosion-second model (n= 180) 

No dietary data collected through the food diaries with interviews completed by the sub-

sample (180 subjects) were statistically significantly associated with dental erosion through 

the process of bivariate analysis, but it was decided to include them in the final models to test 

their influence.   
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Table 9.1: Dental erosion variables included in the first logistic regression model and their 
corresponding levels of statistical significance in the bivariate analysis for erosion (n=791). 

 
Variable 

 
P 

Direction of 
association +/- 

Frequency of consumption of fruit-based sugared drinks  

Frequency of consumption of sport drinks  

Frequency of consumption of carbonated water 

Time taken to consume drinks 
(1= drink it straight away, 2= ≥ 15 minutes) 

Frequency of consumption flavoured milk 

Frequency of consumption sugared tea with milk 

Frequency of consumption fruit other than bananas 

 0.006** 

 0.004** 

0.048* 

 0.005** 

0.043* 

0.032* 

  0.002** 

+ve 

-ve 

-ve 

+ve 

-ve 

-ve 

-ve 

   * Statistically significant at p< 0.05               **Statistically significant at p< 0.01 

9.3.3 Dental caries-first model (n= 791) 

Table 9.2 presents the variables which were included in the first logistic regression model, 

along with their level of statistical significance observed through the process of bivariate 

analysis for dental caries.   

The bivariate analysis also indicated that experience of caries (Yes/No) was statistically 

significantly positively associated with the frequency of consumption of fruit-based sugared 

drinks.  In addition, the bivariate analysis showed that experience of dental caries was 

statistically significantly negatively associated with the level of fathers’ education, as fathers' 

educational level increased, caries experience decreased.   

Table 9.2: Dental caries variables included in the first logistic regression model and their 
corresponding levels of statistical significance (P) in the bivariate analysis for caries (n=791). 

 
Variable 

 
P1

Direction of 
association +/- 

Frequency of consumption of fruit-based sugared drinks 
 
Level of fathers’ education  
(1= illiterate, 2= up to secondary schools, 3= college/postgraduate) 

 0.002** 
 

0.015* 

+ve 
 

-ve 

   1Linear Association exact test      *Statistically significant at p< 0.05    **Statistically significant at p< 0.01 
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9.3.4 Dental caries-second model (n= 180) 

None of the dietary data collected through the food diaries with interviews completed by the 

sub-sample (180 subjects) were statistically significantly associated with dental caries through 

the process of bivariate analysis, but it was decided to include them in the final models to test 

their influence.   

9.3.5 Dental caries-third model (n= 180) 

The bivariate analysis indicated that experience of caries (Yes/No) was statistically 

significantly positively associated with daily fluoride intake from bottled water and volume 

intake from bottled water (data collected through food diaries by the sub-sample, 180 

subjects) (Chapter 8, Table 8.13).   

9.4 Results 

9.4.1 Dental erosion-first logistic regression model  

9.4.1.1 Background to binary logistic regression analysis 

In Binary logistic regression, the probability of an event occurring is directly estimated, e.g. 

whether someone suffers from dental erosion (No/Yes, No= 0, Yes= 1) or from dental carries 

(No/Yes, No= 0, Yes= 1).   

Usually certain risk factors are used to estimate the probability.  In the case of dental erosion, 

the risk factor could be the frequency of drinking fruit-based sugared drinks in a day.   

For the case of a single independent variable, the binary logistic regression model can be 

written as:   
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where b0 and b1 are coefficients estimated from the data, x is the independent variable, and e 

is the base of the natural logarithm, approximately 2.718. 

For more than one independent variable, the model can be written as  

 

where z is the linear combination 

 

and p is the number of independent variables. 

The probability of the event not occurring is estimated as 

 

The results of the Hosmer and Lemeshow Goodness of Fit test suggested that the model’s 

estimates fit the data at an acceptable level (p= 0.166).   

From the seven variables which were statistically significant in the bivariate analysis and 

included in the first logistic regression model, six remained in the model (Table 9.3); the 

frequency of consumption of fruit-based sugared drinks, frequency of consumption fruit other 

than bananas, frequency of consumption sugared tea with milk, frequency of consumption of 

sport drinks, time taken to consume drinks and frequency of consumption of flavoured milk.   

As Table 9.3 shows, 3 of these variables were statistically significantly positively associated 

with the experience of dental erosion at a 5% level  

From Table 9.3, the binary regression model for dental erosion can now be written as 

 

Where: 

MilkSugaredTeailkFlavouredMDrinksLast
FruitssSportDrinkedDrinksFruitSugarz

*32.0*25.0
*13.0*23.1*91.0*30.017.6

++
++++−=
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Table 9.3: Significance of association (Regression Coefficients, P, OR (Odds Ratio) and 95% CI) 
between the experience of erosion and the variables under study, as explained by the first logistic 
regression model. 

Un-
standardised 
Coefficients 

 
Variable 

B Std. 
Error 

 
P 

 
OR  

95% CI 
(Confidence 

Interval) 
Lower upper 

 
+/-1

Frequency of consumption of fruit-based 
sugared drinks  
 
Frequency of consumption of fruit other than 
bananas  
 
Frequency of consumption sugared tea with 
milk  
 
Frequency of consumption of sport drinks  
 
Time taken to consume drinks 
(1= drink it straight away, 2= ≥ 15 minutes) 
 
Frequency of consumption of flavoured milk 

0.300 

 

1.227 

 

0.319 

 

0.910 

0.134

0.249 

0.152 

 

0.497 

 

0.156 

 

0.570 

0.129 

0.208 

 0.049* 

 

 0.014* 

 

 0.041* 

 

0.111 

0.298 

0.231 

1.349 

 

3.411 

 

1.375 

 

2.484 

1.144 

1.283 

1.001, 1.819 

 

1.288, 9.030 

 

1.013, 1.868 

 

0.812, 7.595 

0.888, 1.473 

0.853, 1.930 

+ve 

 

+ve 

 

+ve 

 

+ve 

+ve 

+ve 

    *Statistically significant at p< 0.05      1Direction of association 

The model can be written in terms of odds of an event occurring (The odds of an event 

occurring = ratio of the probability that it will occur to the probability that it will not).  In 

terms of the log of the odds (called the logit), the model can be written as: 

 

The binary logistic regression coefficient can be interpreted as a change in the log odds 

associated with one-unit change in the independent variable.  When the variable was found to 

have positive regression coefficient, this means the proportional relationship between 

increased consumption of the questionnaire variable e.g. frequency of consumption of fruit-

based sugared drinks were associated with increased dental erosion.   From Table 9.3 the 

coefficient of frequency of fruit-based sugared drink is 0.300.  This tells us that when 

frequency of fruit-based sugared drink changes from never to <1 a day to ≥ 1 a day and the 

values of the other independent variables stay the same, the log odds of having dental erosion 

increase by 0.300. 
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As it is easier to think of odds instead of log odds, the model equation can be written as  

 

Then e raised to the power bi is the factor by which the odds change when the ith independent 

variable increases by one unit.  If bi is positive, this factor will be greater than 1, which means 

that the odds are increased; if bi is negative, the factor will be less than 1, which means that 

the odds are decreased.  When bi is 0, the factor equals 1, which leaves the odds unchanged.  

For example, when frequency of fruit-based sugared drink changes from never to <1 a day to 

≥1 a day, the odds are increased by a factor of 1.349, as shown in the OR column of Table 9.3.   

The model shows positive regression coefficients and significant relationships between the 

experience of erosion and consumptions of fruit-based sugared drinks, fruits other than 

banana, and tea with milk.  The risk of dental erosion was 1.349 times more when subjects 

consumed fruit-based sugared drinks once or more than once per day (Odds Ratio 1.349 (p= 

0.049, 95% CI 1.001, 1.819)).  The consumption of fruit other than bananas (Odds Ratio 

3.411 (p= 0.014, 95% CI 1.288, 9.030)).  The consumption of tea with milk (Odds Ratio 

1.375 (p= 0.041, 95% CI 1.013, 1.868)).  The risk of erosion was 1.144 times more likely 

when time taken to consume drinks up to or more than 15 minutes (Odds Ratio 1.144 (p= 

0.298, 95% CI 0.888, 1.473)) (Table 9.3).   

9.4.2 Dental erosion-second logistic regression model  

The results of the Hosmer and Lemeshow Goodness of Fit test suggested that the model’s 

estimates fit the data at an acceptable level (p= 0.806).  There was no statistically significant 

association between the experience of dental erosion and dietary data collected through the 

food diaries with interviews completed by the sub-sample (180 subjects) through the process 

of bivariate analysis.  These variables included in the second logistic regression model also 
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found that there was no statistically significant association between dietary data and the 

experience of dental erosion (Table 9.4).   

Table 9.4: Significance of association (Regression Coefficients, P, OR (Odds Ratio) and 95% CI) 
between the experience of erosion and the dietary data collected through the food diaries with 
interviews completed by the sub-sample (180 subjects), as explained by the second logistic 
regression model.  

Un-standardised 
Coefficients 

 
Variable 

B Std. 
Error 

 
P 

 
OR 

95% CI 
(Confidence Interval) 

Lower  Upper 

Total acidic intake (g/day) 

Acidic drinks intake (g/day) 

Fruit intake (g/day) 

Confectionery intake (g/day) 

 0.005 

-0.005 

-0.047 

-0.016 

0.004 

0.004 

0.036 

0.016 

0.242 

0.262 

0.198 

0.318 

1.005 

0.995 

0.954 

0.984 

0.997, 1.014 

0.987, 1.004 

0.888, 1.025 

0.954, 1.016 

9.4.3 Dental caries-first logistic regression model (n=791) 

The results of the Hosmer and Lemeshow Goodness of Fit test suggested that the model’s 

estimates fit the data at an acceptable level (p= 0.240).  All variables initially included in the 

process of bivariate analysis which were statistically significantly associated with the 

experience of dental caries remained in the logistic regression model.  It shows a positive 

regression coefficient and significant relationship between the experience of dental caries and 

consumptions of fruit-based sugared drinks and a negative regression coefficient and 

significant relationship between dental caries and level of fathers’ education.  As Table 9.5 

shows experience of dental caries was statistically significantly positively associated with 

frequency of consumption of fruit-based sugared drinks, (Odds Ratio 1.368 (p= 0.001, 95% 

CI 0.468, 1.833)); the risk of dental caries was 1.368 times more when subjects consumed 

fruit-based sugared drinks once or more than once per day.  Dental caries was statistically 

significantly negatively associated with fathers’ education level (Odds Ratio 0.699 (p= 0.008, 

95% CI 0.536, 0.912)); the risk of dental caries was 0.699 times less with increasing level of 

fathers’ education (Table 9.5).   
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Table 9.5: Significance of association (Regression Coefficients, P, OR (Odds Ratio) and 95% CI) 
between the experience of caries and the variables under study, as explained by the first logistic 
regression model.  

Un-
standardised 
Coefficients 

 
Variables 

B Std. 
Error 

 
P 

 
OR  

95% CI 
(Confidence 

Interval) 
Lower Upper 

 
+/-1

Frequency of consumption of fruit-
based sugared drinks  
 
Level of fathers’ education (1= 
illiterate, 2= up to secondary schools, 
3= college/postgraduate) 

 0.314 

 

-0.358 

0.072 

 

0.136 

0.001* 

 

0.008* 

1.368 

 

0.699 

0.468, 1.833 

 

0.536, 0.912 

+ve 

 

-ve 

   *Statistically significant at p< 0.01         1Direction of association 

9.4.4 Dental caries-second logistic regression model 

The results of the Hosmer and Lemeshow Goodness of Fit test suggested that the model’s 

estimates fit the data at an acceptable level (p=0.529).  There was no statistically significant 

association between the experience of dental caries and data collected through food diaries 

with interviews completed by the sub-sample (180 subjects) through the process of bivariate 

analysis.  When these variables were included in the second logistic regression model, no 

statistically significant association found (Table 9.6).   

Table 9.6: Significance of association (Regression Coefficients, P, OR (Odds Ratio) and 95% CI) 
between the experience of caries and the dietary data collected through food diaries with 
interviews completed by the sub-sample (180 subjects), as explained by the second logistic 
regression model. 

Un-standardised 
Coefficients 

 
Variables 

B Std. 
Error 

 
P 

 
OR  

95% CI  
(Confidence Interval) 

Lower Upper 

Total acidic intake (g/day) 

Acidic drinks intake (g/day) 

Fruit intake (g/day) 

Confectionery intake (g/day) 

Total sugar intake (g/day) 

NME intake (g/day) 

 0.008 

-0.009 

-0.060 

 0.029 

-0.004 

 0.003 

0.004 

0.005 

0.034 

0.021 

0.011 

0.017 

0.073 

0.068 

0.082 

0.177 

0.673 

0.847 

1.008 

0.991 

0.942 

1.029 

0.996 

1.003 

0.999, 1.017 

0.982, 1.001 

0.881, 1.008 

0.987, 1.073 

0.975, 1.016 

0.970, 1.038 
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9.4.5 Dental caries-third logistic regression model  

The results of the Hosmer and Lemeshow Goodness of Fit test suggested that the model’s 

estimates fit the data at an acceptable level (p= 0.214).   

There was a statistically significant positive association between the experience of caries and 

daily fluoride intake from bottled water and volume intake from bottled water through the 

process of bivariate analysis (Chapter 8).   

When these variables were included in a third logistic regression model, no statistically 

significant association was found between daily fluoride intake from bottled water or daily 

intake of bottled water and the experience of dental caries (Table 9.7).   

Table 9.7: Significance of association (Regression Coefficients, P, OR (Odds Ratio) and 95% CI) 
between the experience of caries and the dietary data collected through food diaries completed 
by the sub-sample (180 subjects), as explained by the third logistic regression model.  

Un-standardised 
Coefficients 

 
Variables 

B Std. 
Error 

 
P 

 
OR  

95% CI  
(Confidence 

Interval) 
Lower Upper 

Daily intake of fluoride from bottled water (mg) 

Daily intake of bottled water (litre) 

-1.457 

 2.147 

5.155 

1.846 

0.778 

0.245 

0.233 

8.558 

0.000, 5694.418 

0.230, 318.999 

9.5 Discussion 

9.5.1 Risk factors for dental erosion 

In the present study, the dental erosion regression model included the data from the 791 

children completing the dental examinations and questionnaire surveys.  Information about 

the frequency of consumption of foods and drinks from the questionnaire survey was based on 

criteria used in the UK NDNS (Walker et al., 2000).   

The first model was developed to assess the association between experience of dental erosion 

and the oral health questions.  Multivariate analysis has been used by previous studies to 
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investigate independent association between the experience of dental erosion or tooth wear 

and potential risk factors (Walker et al., 2000; Al-Malik et al., 2001b; Al-Majed et al., 2002; 

Dugmore and Rock, 2004b; Luo et al., 2005; Waterhouse et al., 2008).   

In the first logistic regression model, the variables independently positively associated with 

the experience of dental erosion (No/Yes) at 5% level were frequency of consumption of 

fruit-based sugared drinks, frequency of consumption of fruit other than bananas and 

frequency of consumption of sugared tea with milk.   

It is important to note that the fruit-based sugared drinks were the most common acidic drinks 

consumed on a daily basis by 47% of subjects.  This is in agreement with the findings of 

several studies that found significant association between acidic drinks consumption and 

experience of dental erosion or tooth wear (O'Brien, 1994; Millward et al., 1994a; O'Sullivan 

and Curzon, 2000a; Al-Dlaigan et al., 2001b; Al-Malik et al., 2001b; Harding et al., 2003; 

WHO, 2003; Milosevic et al., 2004; Dugmore and Rock, 2004b; El Karim et al., 2007).   

In the second logistic regression model, the experience of erosion was not statistically 

significantly associated with any variables in the food diaries completed by the sub-sample of 

180 subjects; there was no association between the experience of erosion and the median 

recorded frequency of daily consumption of acidic drink.  As in the first logistic regression 

model for erosion, only one type of acidic drink, which was fruit-based drinks, was associated 

with the experience of erosion.   

In the first logistic regression model, the experience of erosion was statistically significantly 

positively associated with fruit consumption.  With highlights that, in the bivariate analysis, 

there was a statistically significantly negative association between consumption of fruits and 

experience of dental erosion.  This may be due to the bivariate analysis does not consider the 

influence of confounding factors in the relationships under study but the use of a multivariate 

analysis process permits for the control of confounding factors.  However, 95% of subjects 
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who had dental erosion consumed fruits with frequency of less than one portion per day.  

Therefore, there was little evidence to consider fruit as a risk factor for dental erosion.   

In the second model, there was no statistically significant association between the experience 

of dental erosion and daily consumption of fresh fruit reported by the sub-sample.  This 

confirms the findings of several studies which have reported no statistical significant 

association between experience of erosion and fruit consumption (Williams et al., 1999; 

Walker et al., 2000; Harding et al., 2003; WHO, 2003; Caglar et al., 2005; Waterhouse et al., 

2008).  In the present study, experience of erosion was statistically significantly positively 

associated with consumption of sugared tea with milk, contrasting with results from previous 

studies (O'Sullivan and Curzon, 2000a; Waterhouse et al., 2008).  In bivariate analysis the 

association was statistically significantly negative.  As argued before, this may be due to the 

bivariate analysis not considering the influence of confounding factors in the relationships 

under study.  However, due to the protective effect of fluoride in tea and milk against dental 

erosion, it has been suggested that tea with milk and milk are not risk factors of dental 

erosion.  Direct comparisons between studies are difficult due to use of different 

methodologies, different ranges of variables and number of subjects.   

It is also important to highlight that the present study is cross-sectional.  The dietary data may 

not be representative of a longer-term diet, which could potentially contribute to the progress 

of dental erosion.   

9.5.2 Risk factors for dental caries  

With regard to dental caries, the first logistic regression model showed a statistically 

significant positive association between the experience of dental caries and frequency 

consumption of fruit-based sugared drinks, while dental caries experience decreased with 

increasing fathers’ education levels.  This confirms the findings of the Walker et al. (2000) 

study which reported that higher parents’ educational levels related to oral health 
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improvement.  In the second logistic regression model no variables reported through the food 

diaries completed by the sub-sample were associated experience of dental caries.   

When dietary data from the food diaries were analysed, all types of sugared acidic drinks 

were considered as one group, which may explain some of the lack of association seen in 

present results.   

9.6 Conclusions 

9.6.1 Regarding dental erosion and caries and the oral health data collected through 

questionnaire survey completed by the whole study population:  

 The frequency of reported consumption of fruit-based sugared drinks was statistically 

significantly positively associated with the experience of dental erosion (p= 0.049, 

OR 1.349). 

 Frequency of consumption of fruit other than bananas was statistically significantly 

positively associated with the experience of dental erosion (p= 0.014, OR 3.411).  

However, 95% of subjects who had dental erosion consumed fruits with frequency of 

less than one portion per day.  Therefore, there was little evidence to consider fruit as 

a risk factor for dental erosion.   

 Frequency of consumption sugared tea with milk was statistically significantly 

positively associated with the experience of dental erosion (p= 0.041, OR 1.375).  

However, because of the protective effect of fluoride against dental erosion, it was 

suggested not to consider tea with milk as a risk factor for dental erosion.   

 There was a statistically significant positive association between the experience of 

dental caries and frequency consumption of fruit-based sugared drinks (p= 0.001, OR 

1.368).   
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 There was a statistically significant negative association between the experience of 

dental caries and fathers’ education levels.  Dental caries experience decreased with 

increasing fathers’ education levels (p= 0.008, OR 0.699).   

9.6.2 Regards dental erosion and dental caries and the data collected through the food diaries 

completed by the sub-sample: 

 The experience of dental erosion and dental caries were not statistically significantly 

associated with any variables in the food diaries completed by the sub-sample of 180 

subjects.   
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Chapter 10  

Overall discussion 

10.1 Introduction  

Dental erosion is defined as irreversible loss of dental hard tissues by a chemical process that 

does not involve bacteria (Eccles and Jenkins, 1974; Imfeld, 1996; Nunn, 1996; Linnett and 

Seow, 2001).  Dental erosion does not take place in isolation, with attrition and abrasion 

usually potential compounding processes contributing to the overall tooth surface loss.  The 

literature review (Chapter 2) showed increasing interest in the study of tooth wear and more 

particularly dental erosion.  Several studies offered a better understanding of tooth wear and 

dental erosion and their potential risk factors.  These published studies include in vitro and in 

situ studies (Amaechi and Higham, 2001; Fraunhofer and Rogers, 2004; Hemingway et al., 

2006; Brown et al., 2007; Kitchens and Owens, 2007; Ehlen et al., 2008; Honório et al., 

2008), case-control studies (Milosevic et al., 1997; O'Sullivan and Curzon, 2000a; 

Sivasithamparam et al., 2002; Al-Dlaigan et al., 2002b), cross-sectional studies (O'Brien, 

1994; Walker et al., 2000; Al-Majed et al., 2002; Al-Malik et al., 2002; Árnadóttir et al., 

2003; Chadwick and Pendry, 2004; Dugmore and Rock, 2004a; Larsen et al., 2005; Auad et 

al., 2007) and longitudinal studies (Nunn et al., 2001; Ganss et al., 2001a; Dugmore and Rock, 

2003b).  The main aims of these studies were assessment of the prevalence of dental erosion 

or tooth wear and recognition of possible factors associated with its development and 

progression.  The most important factor is diet while other potential risk factors include 

salivary properties, oral hygiene practices and products, oral habits, lifestyle, general health 

and socio-demographic characteristics.  The relationship between dental erosion and caries 

has also been tested (Kunzel et al., 2000; Al-Malik et al., 2002; van Rijkom et al., 2002; 

Dugmore and Rock, 2004a; Dugmore and Rock, 2004b; Truin et al., 2005; Auad et al., 2009).   
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Aetiological factors for dental erosion in children and adolescents are extrinsic and intrinsic 

acids.  The main contributive process may be more easily recognized when the loss of tooth 

surface takes place as a result of intrinsic acids; e.g. subjects with gastroesophageal reflux or 

bulimia (Jarvinen et al., 1988; Gudmundsson et al., 1995; Barron et al., 2003).  In contrast, 

when acids from extrinsic sources are thought to be the main contributors to dental erosion, 

not only recognition of the potential source of acids but also the evaluation of any 

interrelating effects of different processes resulting in the tooth surface loss might be 

challenging.   

10.2 The prevalence of dental erosion  

Several dental indices have been used to measure tooth wear in general and dental erosion in 

particular.  As a result, dental erosion when measured using different indices and criteria has 

shown a wide range of prevalence.  This wide range of results is not only due to actual 

differences between populations but also may be due to the absence of a unified approach to 

assess dental erosion.  Several studies have assessed dental erosion (Eccles and Jenkins, 1974; 

Lussi et al., 1991; O'Brien, 1994; Hind and Gregory, 1995; Kunzel et al., 2000; Larsen et al., 

2000; Walker et al., 2000; O'Sullivan and Curzon, 2000a; O'Sullivan, 2000c; Al-Dlaigan et 

al., 2001a; Al-Malik et al., 2001b; Al-Majed et al., 2002; Chadwick and Pendry, 2004; 

Wiegand et al., 2006; Auad et al., 2007), whilst some authors have assessed tooth wear 

(Milosevic et al., 1994; Milosevic et al., 1997; Bartlett et al., 1998; Shaw et al., 1998).  There 

have been a number of studies which have measured dental erosion or tooth wear in different 

teeth groups and age groups of children and adolescents and reported different prevalence 

figures (Milosevic et al., 1994; Al-Majed et al., 2002; van Rijkom et al., 2002; Auad et al., 

2007).  It might be argued that this variety of prevalence figures would potentially reflect the 

different criteria and indices used rather than true differences between population groups, but 

this is not clear.  The index described by Walker et al. (2000), validated in the UK National 
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Diet and Nutrition Surveys (Walker et al., 2000; Chadwick and Pendry, 2004), and in other 

epidemiological studies  (Al-Majed et al., 2002; Auad et al., 2007) was used in the present 

study.  This index is simple, easy to use and can evaluate severity and affected tooth surface 

area.  It had also been especially designed to assess erosive tooth surface loss in children.   

The age of 12 years is a reference age for children for the international measurement of dental 

caries in the permanent teeth (WHO, 1997).  This age was also selected for this study because 

at this age the index teeth have been present in the mouth for about six years and exposed to 

potential intrinsic and extrinsic aetiological factors which may cause dental erosion.  Since 

early diagnosis of the erosive process is important it might suggest that oral epidemiological 

surveys for this age group should also include the assessment of dental erosion.  In addition, 

use of this age group allowed comparison with results from previous studies which have used 

same age group in different countries.   

Dental erosion awareness by individuals and communities is still limited because it is a slowly 

progressing condition, and to increase awareness it would be necessary that dentists and oral 

health professionals distribute clear information to the community about dental erosion and its 

potential risk factors, as well as recommendations and advice for its prevention.  This is a 

challenge to researchers, dental professionals and oral health policy makers.   

Although there has been growing concern that the prevalence of erosion has been increasing 

amongst children (Walker et al., 2000; Al-Dlaigan et al., 2001a; Nunn et al., 2003; Chadwick 

and Pendry, 2004), there are few longitudinal studies (Milosevic et al., 1997; Nunn et al., 

2001; Ganss et al., 2001a; Dugmore and Rock, 2003b), and more are needed so that the true 

prevalence of the dental erosion might be monitored.  Dental erosion severity can range from 

loss of surface characteristics to loss of tooth tissue with pulp involvement and can require 

complex and costly treatment and maintenance.  Therefore, early diagnosis and prevention of 

erosion in children and adults is important not only to control erosion and prevent further 

complications, but also to minimize the costs of the complex extensive treatment.  Prevention 
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and control of dental erosion requires two important approaches; the development of 

programmes to i) prevent, monitor the erosive process and maintain the effect of preventive 

programmes and ii) recognise, minimize and modify possible risk factors for dental erosion.   

Dental erosion assessment was first included in the UK Children’s Dental Health Survey in 

1993 and also included in National Diet and Nutrition Surveys (O'Brien, 1994; Walker et al., 

2000; Chadwick and Pendry, 2004).  The experience obtained in the UK since the first 

national assessment in 1993 (O'Brien, 1994) could offer important resources for the design 

and performance for similar practice in other counties.   

The literature review showed that a significant percentage of dental erosion was seen to affect 

enamel only and this might be another factor potentially contributing to the wide variation in 

prevalence reported (Bartlett et al., 1998; Walker et al., 2000; Al-Majed et al., 2002; 

Árnadóttir et al., 2003; Dugmore and Rock, 2003b; Chadwick and Pendry, 2004; Dugmore 

and Rock, 2004a; Caglar et al., 2005; Larsen et al., 2005; Peres et al., 2005a; Auad et al., 

2007; Correr et al., 2009).  Dental erosion in enamel is difficult to identify (Nunn et al., 2003; 

Chadwick and Pendry, 2004), but its early detection, recognizing contributory habits putting 

individuals at risk of developing erosion and identify individuals with risk factors are crucial 

to stop and prevent for their irreversible tooth surface loss before clinical restorative 

intervention is required.  This highlights the requirement of dental professionals to be able to 

recognize the clinical features, signs, causes of erosion and how to prevent further progression 

as well as provide active treatment if necessary (Lussi and Jaeggi, 2008).   

In Libya, few dental epidemiological studies have been made and these have been limited to 

the assessment of prevalence of dental caries, fluorosis and periodontal diseases (Omar and 

Pitts, 1991; Hawew et al., 1996; Al-Sharbati et al., 2000; Ingafou et al., 2003).  No study has 

published data related to dental erosion in children or adults in Libya and the prevalence and 

severity of dental erosion in Libya was unknown.  Epidemiological studies using a unified 

approach to determine dental erosion are needed in different regions in Libya.  These will 
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provide a clearer picture regarding the prevalence of dental erosion and to determine if dental 

erosion a cause of concern in terms of public oral health in Libya.  The total Libyan 

population was about six million in 2005, the majority (88%) of whom live in cities.  

Benghazi had an estimated 685, 367 inhabitants and the total number of schoolchildren aged 

12 years in Benghazi was approximately 7682 according to the General Authority of 

Information (GAI, 2006).  These children were studying at 81 public elementary schools 

which comprise 90% of the total number of schools in Benghazi (GAI, 2006).  Benghazi is 

the second largest city in Libya after the capital, Tripoli.  It is a very good example of a 

Libyan urban area comprising a population with different socioeconomic, cultural and 

original backgrounds.  Therefore, it is an appropriate site for the study and suitably 

representative of the Libyan population.   

The results of the present study suggest that the prevalence of dental erosion in Benghazi is 

higher than that observed in other countries such as Brazil (Auad et al., 2007), and closer to 

the value found in the UK (O'Brien, 1994; Walker et al., 2000; Chadwick and Pendry, 2004) 

and lower than that found in Saudi Arabia (Al-Majed et al., 2002).  These studies used the 

same index and criteria for dental erosion.  The fact that more than third of the subjects in 

Benghazi had dental erosion emphasizes the importance of effective detection, maintaining 

and evaluation strategies in the prevention of dental erosion.   

10.3 Dental erosion and gender 

The findings of several studies of children and adolescents have reported that erosion/tooth 

wear may be more prevalent in boys (Milosevic et al., 1994; van Rijkom et al., 2002; 

Árnadóttir et al., 2003; Truin et al., 2005), whilst other studies have reported no significant 

gender differences (Bartlett et al., 1998; Caglar et al., 2005; Peres et al., 2005a; Peres et al., 

2008).  In contrast, Kunzel et al. (2000) reported that girls were more affected by erosion than 

boys.  This trend was also observed in the present study.  The reasons for this may include the 
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fact that girls took statistically significantly longer (15 minutes or more) to consume acidic 

drinks than boys (p< 0.01) also brushed their teeth more frequency than boys, with an 

association found between dental erosion and high level of oral hygiene (O'Sullivan and 

Curzon, 2000b).  Also boys consumed milk and tea with milk statistically significantly more 

frequently than girls (p< 0.05).  In addition, permanent teeth erupt earlier in girls than boys 

and they are exposed to risk factors for dental erosion for a longer period of time although the 

differences in eruption times are only a few months which clinically may result in little 

difference.  In addition, the results from the completed food diaries showed a difference in 

daily total acidic items consumption by gender, with girls consuming statistically significantly 

more acidic items than boys (p< 0.05).  However, the association between gender and 

prevalence of dental erosion and its risk factors is not clear.   

10.4 Dental erosion and dietary risk factors 

The association between dental erosion and/or tooth wear and acidic foods and drinks has 

been investigated in several studies (O'Brien, 1994; Millward et al., 1994b; Johansson et al., 

1996; Ganss et al., 1999; Shaw and Smith, 1999; Kunzel et al., 2000; Walker et al., 2000; 

O'Sullivan and Curzon, 2000a; Nunn et al., 2001; Al-Dlaigan et al., 2001b; 2001c; Al-Majed 

et al., 2002; van Rijkom et al., 2002; Árnadóttir et al., 2003; Harding et al., 2003; Chadwick 

and Pendry, 2004; Milosevic et al., 2004; Bartlett, 2009).  In its report “Diet, Nutrition and 

the prevention of Chronic Diseases” the WHO stated that there is possible evidence that the 

intake of acidic drinks is associated with dental erosion (WHO, 2003).  Several studies have 

found a statistically significant relationship between the consumption of acidic drinks and the 

experience of dental erosion or tooth wear (Eccles and Jenkins, 1974; Lussi et al., 1991; 

Millward et al., 1994a; O'Sullivan and Curzon, 2000a; Al-Dlaigan et al., 2001b; Al-Malik et 

al., 2001b; Harding et al., 2003; Milosevic et al., 2004; Dugmore and Rock, 2004b; EI Karim 
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et al., 2007).  Therefore, it seems reasonable to believe that soft drinks may play an important 

role in the development of dental erosion in children and adolescents.   

The WHO states that the practice of advertising foods and beverages to children should be a 

potential target for intervention considering its possible evidence of relationship with weight 

gain and obesity (WHO, 2003).  Television advertisements play an important role in the 

marketing strategies for soft drinks.  A qualitative study found that children’s choices of 

drinks were strongly influenced by the appearance of drinks, their cost and accessibility (May 

and Waterhouse, 2003).  These emphasize the importance that effective procedures and 

specific rules for television advertising be applied and strictly controlled, in order to prevent 

the encouragement of potentially harmful food items and to encourage the intake of healthy 

foods and drinks, particularly at children’s programming time.   

In the present study, dietary data were collected through a questionnaire survey (for the whole 

study sample) and a three-day food diary with interview (for a randomly selected sub-sample) 

and highlighted the fact that large proportions of subjects consumed water.  This was a 

welcome finding and reinforced the need for regular consumption of water to be encouraged 

and maintained within Libyan schoolchildren for its fluoride protection effect against dental 

erosion and to displace acidic drinks consumption.   

In the present study, the frequency of consumption of fruit-based sugared drinks was 

independently associated (p= 0.006) with the experience of erosion.  This finding is in 

agreement with other studies which found a statistically significant relationship between the 

consumption of acidic drinks and the experience of dental erosion or tooth wear (Harding et 

al., 2003; Milosevic et al., 2004; Dugmore and Rock, 2004b; El Karim et al., 2007; 

Waterhouse et al., 2008).   

Soft drinks include a wide variety of acidic sugared and non-sugared drinks, such as sugared 

carbonated drinks, fruit-based sugared drinks, squashes, sport drinks, natural unsweetened 
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fruit juice and non-sugared carbonated drinks.  From these, fruit-based sugared drinks were 

the most common type of drink consumed and were the major single contributor to the intake 

of an erosive diet by the majority of subjects.  The reason behind the high consumption of 

fruit-based sugared drinks in Libya can be attributed to a number of factors; firstly availability 

and easy accessibility of these drinks in shops, markets and school canteens.  Second is the 

attractive appearance of these drinks and the marketing of such drinks in a very attractive 

way.  Third is the low-cost of these drinks; the same price as bottled water.  Fourth is a lack of 

awareness and knowledge of the dental hazards of these drinks.  Fifth is the hot weather, 

especially in summer, which encourages children to quench their thirst with these cheap 

available tasty drinks.  The sixth reason is the influence of television advertisements.   

In this study, the length of time taken to consume drinks, especially when the drinks lasted up 

to 15 minutes was statistically significantly positively associated with the experience of 

erosion.  This is in agreement with the findings of Al-Majed et al. (2002) and highlights the 

importance of encouraging children to use a straw since this directs drinks past the anterior 

teeth and towards the pharynx and reduces the time the drink is in contact with teeth.   

In response to the growing concern about the oral impact of acidic drink intake, modified soft 

drinks to which calcium and/or phosphate supplements, citrate or fluoride are added to reduce 

dental erosion has been suggested and tested (Imfeld, 1996; West et al., 2003; Davis et al., 

2007; Hara and Zero, 2008; Bartlett, 2009).  However, it is important to highlight that even if 

an option of a low erosive drink is available, the intake should not be excessive.   

In the present study, the Libyan subjects who reported an intake of one or more than one fruit 

per day did not have a higher risk of erosion compared with children with low intake.  

However, fruit consumption was very low and therefore caution is needed when interpreting 

these results.  Only 6% of the Libyan subjects reported an intake of two to four portions of 

fruits per day (excluding bananas) and this level of fruit intake is below the current dietary 
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recommendations of at least five portions or 400 grams of fruits and vegetables per day 

(WHO, 2003) for the prevention of chronic diseases such as heart disease, cancer, diabetes 

and obesity, although the present study did not assess vegetable intake.  It is reassuring that 

this current recommendation does not pose a significant risk for dental erosion as most 

vegetables and fruits such as bananas are not erosive.  Therefore, current dietary 

recommendations for oral health are not in conflict with that for general health, which stresses 

increased consumption of fruits (Moynihan, 2005).  In view of the low intake of fruit by the 

children in this study it would be wise to encourage the intake of fruit in this population as 

they are an essential part of a healthy diet.  Also it has been suggested that the intake of fruit 

has a protective effect in terms of oral cancer (Moynihan and Petersen, 2004).   

The consumption of sugared tea with milk and flavoured milk was statistically significantly 

negatively associated with experience of erosion.  This is in agreement with the results of a 

study in the UK, in which the consumption of tea and milk was significantly lower amongst 

children with dental erosion (O'Sullivan and Curzon, 2000a) and in a Brazilian study 

(Waterhouse et al., 2008).  This may be due to subjects who consumed sugared tea with milk, 

milk and flavoured milk more frequently having a lower consumption of acidic drinks.  Non-

acidic drinks may displace acidic drinks from the diet and may also provide a protective effect 

of fluoride in tea.  This highlights the importance of encouraging children to drink milk and 

tea with milk as an alternative to acidic drinks.   

A healthy and balanced diet has a strong impact in the prevention of oral diseases and general 

health (Moynihan, 2005).  The dietary data collected through the food diaries suggested that 

the contribution to energy intake from macronutrients was in line with the general guidelines 

for food consumption; for carbohydrate, fat  and protein (WHO, 2003).  However, the mean 

daily intakes of carbohydrate, fat and protein were lower than those found in a UK survey 

(Fletcher et al., 2004).  When the contribution to daily energy intake from sugars was 
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assessed, it was found that the total sugars contributed to 20% of the daily intake amongst 

Libyan schoolchildren; slightly lower than the 23% found in UK studies (Hackett et al., 1984; 

Rugg-Gunn et al., 2007).  The mean daily intake of non-milk extrinsic sugars (NMES) for 

subjects was 20.4 kg/year which is higher than the WHO recommendation of no more than 15 

kg/year/person (WHO, 2003), but lower than in UK children (Fletcher et al., 2004).   

The daily energy intake from NMES was 12.6% which is higher than the Dietary Reference 

Value (DRV) for daily energy intake from NMES (6-10%) (Department of Health, 1991; 

WHO/FAO, 2003), but lower than the 16% found in a UK survey (Fletcher et al., 2004).  In 

the present study acidic drinks were the main source of total dietary acids, although the daily 

intake of acidic drinks was lower than the figures in the UK National Survey (Walker et al., 

2000).   

The findings of the food diaries showed no statistically significant associations between 

experience of dental erosion and daily intake of acidic food and drinks.  However, the present 

study was cross-sectional and it was difficult to approximate whether it was representative of 

a long term dietary pattern, which might contribute to a subjects’ experience of dental erosion.  

It was also possible that subjects identified with erosion had changed their diet and reduced 

the consumption of acidic drinks, but there was no way to prove this.  In addition, the median 

acidic food and drink intakes were low and food diaries were used to assess the amount but 

not the frequency of intakes of foods and drinks.  The present results do not provide adequate 

evidence to eliminate an association between the consumption of acidic foods and drinks and 

experience of dental erosion and this needs further research.  The results of the present study 

emphasize the importance of providing adequate dietary advice to children and parents.   

10.5 Dental erosion and non-dietary risk factors 

It has been reported that family attitudes are influenced by economic status and/or educational 

level of parents which have an impact in the dental health of their children.  In Libya, there is 
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no governmental classification of areas based upon socioeconomic information.  For this 

reason, the parents’ education level was used to assess the socioeconomic status of the 

subjects.  Children whose parents’ level of education was high have been found to have a 

higher experience of dental erosion (Walker et al., 2000; van Rijkom et al., 2002; Bardsley et 

al., 2004; Luo et al., 2005; Auad et al., 2007; Mangueira et al., 2009).  This aspect was also 

observed in the present study, but the association was not statistically significant.  It is 

suggested that the reason might be that parents with higher education levels spend more time 

away from home which might influence dietary habit with increased frequency of 

consumption of fast food and carbonated drinks (Mangueira et al., 2009).  A significantly 

higher prevalence of dental erosion was also found in Chinese children whose parents had a 

higher education level (Luo et al., 2005).  The author suggested that the reason may be 

parents with high educational level had adopted a more Western style diet for their children 

such as carbonated soft drinks and fruit juices, while parents with low educational level may 

choose traditional drinks such as tea for their children for economic reasons as well as a 

cultural choice.   

These findings suggest that the association between dental erosion and economic status and/or 

parents’ educational level is still not clear and needs more research.  They also highlight the 

importance of educating parents in relation to dental erosion and its potential risk factors, so 

that they can include healthy practices in their family on a daily basis.  It might be argued that 

parental influence and control on children’s food selection seem to reduce as children grow up 

(May and Waterhouse, 2003).   

In relation to general health and medication and its influence on dental erosion, it has been 

suggested that there has been an increase in the prevalence of eating disorders (Morandé et 

al., 1999), and the presence of dental erosion on the palatal surfaces of upper anterior teeth 

and buccal surfaces of upper canines, premolars and upper incisors could clinically 

characterise bulimia nervosa (Jones and Cleaton-Jones, 1989).  In addition, approximately 35-
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40% of the adults in the Western world suffer from gastroesophageal reflux disease (Farrokhi 

and Vaezi, 2007). The higher prevalence of erosion among asthmatic adolescents might be 

related to the acidity of the medication used to control asthma.  Also, the medication could 

reduce the salivary flow and as a result asthmatic children could have a higher intake of 

drinks because of a relatively dry mouth (Shaw et al., 2000).  Studies have also reported that 

consumption of vitamin C supplements was associated with dental erosion (Al-Dlaigan et al., 

2001b; Al-Malik et al., 2001b).  As a complication of medication for chronic diseases, 

regurgitation or a dry mouth are possible reasons for increased prevalence of dental erosion 

(Johansson et al., 2008).   

In relation to oral hygiene practices, one cross-sectional observational study reported an 

association between dental erosion and high level of oral hygiene (O'Sullivan and Curzon, 

2000b).  In addition, an in vitro study which investigated the association between dental 

erosion and toothbrushing, found the abrasiveness of toothbrushing added a physical effect on 

the demineralization with resulting increased tooth wear in people with a high standard of oral 

hygiene (Attin et al., 2001).  On other hand, several studies have reported no statistically 

significant association between dental erosion and frequency of toothbrushing (Al-Malik et al., 

2001b; Al-Majed et al., 2002; Milosevic et al., 2004; Rafeek et al., 2006), and a similar 

finding was observed for the present study.  However, the presence of calculus appears to 

reduce the chance of dental erosion occurring.  When data from oral examination at age 14 

was associated with data collected at age 12, it was found that presence of calculus at age 12 

reduced the chance of dental erosion at age 14 (Dugmore and Rock, 2004b).  Children should 

be instructed not to brush their teeth immediately after an erosive challenge (e.g. acidic 

food/drink intake and vomiting) to reduce risk of abrasion/abrosion (Zero, 1996; Lussi and 

Hellwig, 2006).  However, different findings have been reported in epidemiological studies 

and still the association between dental erosion and oral hygiene practice is not clear.  

However, the impact of delaying toothbrushing on dental caries should be considered.  It 
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might be argued that toothbrushing could be carried out before meals, but it may remove the 

protective salivary pellicle, thus leaving enamel more vulnerable to an acid attack (Attin et al., 

2001).  The literature suggests that dental erosion does not occur in isolation and assumes that 

neither attrition nor abrasion would have significant impact in tooth surface loss in children 

and adolescents, if not preceded by an acidic attack from non-bacterial origin.  Advice with 

regard to toothbrushing should consider all these aspects and be individualized and not given 

to prevent only one specific condition.   

10.6 Dental erosion and dental caries 

In the present study, the prevalence of dental caries was higher in Libyan children than the 

prevalence of dental erosion and there was no statistically significant association between the 

dental erosion and caries.  Despite the fact that the prevalence of dental caries has declined in 

developed countries during the last 30 years (Petersson and Bratthall, 1996; Petersen, 2005) it 

remains a significant dental disease and a major public health challenge.  Significant 

proportions of children and adults are also affected by caries in developing countries (Abid, 

2004; AlDosari et al., 2004; Yabao et al., 2005; Auad et al., 2009).  Although the nature of 

dental erosion and caries is very different, it has been reported that the two processes may 

have common risk factors such as sugared acidic drinks (Al-Malik et al., 2002), however it is 

still unclear if a group of children more affected by dental caries may also be at higher risk for 

dental erosion.  Several studies have investigated the relationship between dental erosion and 

dental caries (Kunzel et al., 2000; Al-Malik et al., 2002; van Rijkom et al., 2002; Dugmore 

and Rock, 2004a; 2004b; Truin et al., 2005; Auad et al., 2009). Of these Al-Malik et al. 

(2002), Dugmore and Rock, (2004a) and Dugmore and Rock, (2004b), reported a statistically 

significant association, whilst others did not (Kunzel et al., 2000; van Rijkom et al., 2002; 

Truin et al., 2005; Auad et al., 2009).  Consequently, it is important that more research be 

carried out to provide a clearer picture of this relationship.   
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In the present study, a similar pattern for the prevalence of dental caries was found; girls 

having a higher caries experience than boys and this is in agreement with that reported by 

other studies (Misra and Shee, 1979; Saimbi et al., 1983; Singh et al., 1985; Kiwanuka et al., 

2006; Auad et al., 2009).  As previously argued, this may be due to the fact that girls took 

statistically significantly longer (15 minutes or more) to consume acidic drinks than boys (p< 

0.01) and boys consumed milk and tea with milk statistically significantly more frequently 

than girls (p< 0.05).  In addition, permanent teeth erupt earlier in girls than boys and they are 

exposed to risk factors for dental caries for a longer period of time.  In addition, the results 

from the completed food diaries showed a difference in daily total acidic items consumption 

by gender, with girls consuming statistically significantly more sugared acidic items than 

boys (p< 0.05).   

In the present study, the frequency of consumption of fruit-based sugared drinks was 

independently associated (p= 0.002) with the experience of dental caries.  This is in 

agreement with the evidence from different studies reporting that dietary sugars play an 

important role in the aetiology of dental caries (Al-Khateeb et al., 1991; Rugg-Gunn and 

Hackett, 1993; Sheiham, 2001; Moynihan, 2002; WHO, 2003; AlDosari et al., 2004; 

Moynihan and Petersen, 2004; Sudha et al., 2005; Yabao et al., 2005).  It seems, however to 

suggest that consumption of fruit-based sugared drinks may have contributed to the high 

experience of dental caries observed amongst the Libyan children.   

In the present study the highest proportion without caries experience however, was observed 

among children whose fathers’ were educated to higher level and this negative association 

was statistically significant.  This confirms the findings of a previous Libyan study (Baccush 

and Nayak, 1991) and Ajman study (Hashim et al., 2006).  These finding suggest that the 

association between caries and economic status and/or parents’ educational level is still not 

clear and more research is required.   
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The present study was cross-sectional and therefore has its limitations and it was difficult to 

approximate whether it was representative of a long term dietary pattern, which might 

contribute to a subjects’ experience of dental erosion.  A significant proportion of children in 

Benghazi, Libya were affected by dental erosion which emphasizes the importance of 

preventive measures needed to control the erosive process, before the need for invasive 

involvement to restore eroded teeth.  Therefore, this study provided a base-line for future 

assessments of dental erosion in this population and presented vital information to suggest 

recommendations and to identify potential areas for future work.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 11  

Conclusions, recommendations and future work 

11.1 Conclusions with regard to main aim  

To determine the prevalence and severity of dental erosion amongst 12 year-old 

schoolchildren in Benghazi, Libya.   

 Over a third of the 971 12 year-old Libyan subjects; 323 (40.8%) had experience of 

dental erosion based on depth and on area, which was seen mainly in enamel (258 

subjects, 32.5%) and affected more than two thirds of the surfaces.  Erosion into 

dentine was uncommon (63 subjects, 8%) and into pulp was rare (2 subjects, 0.3%).   

 Dental erosion was more prevalent in girls 184 (46.7%) than boys 139 (35%); this 

difference was statistically significant (p= 0.001).   

 Of the 791 subjects, 25% of subjects had evidence of dental erosion, with one or more 

labial or palatal surfaces of the incisors examined scoring >0 for depth or for area.   

 Of the sample, 23% of subjects had evidence of dental erosion (score >0 for depth or 

for area) affecting the occlusal surface of at least one of the first permanent molars 

examined.   

 In total, 6328 upper permanent incisors and upper and lower first permanent molars 

were evaluated.  Among these teeth, 1372 (21.7%) had evidence of erosion.   

 In total, 9492 tooth surfaces of upper permanent incisors and upper and lower first 

permanent molars were evaluated.  Of these surfaces, 2128 (22.4%) surfaces had 

evidence of erosion.  Dental erosion was symmetrical across the midline.   

 In total, 3164 incisors were evaluated.  Among these teeth, 756 (23.9%) incisors had 

evidence of erosion on their labial surfaces, while 775 (24.5%) on palatal surfaces.   

 254



 Of the 3164 maxillary and mandibular first permanent molars examined, 597 molars 

(18.9%) had evidence of erosion.   

11.2 Conclusions with regard to subsidiary aims  

11.2.1 with regard to subsidiary aim 3.2.1; 

 From all dietary variables included in the questionnaire survey, the only variables 

statistically associated with the experience of dental erosion in the bivariate analysis 

were: the frequency of consumption of fruit-based sugared drinks, the frequency of 

consumption of sugared tea with milk, length of time taken to consume drinks and 

frequencies of consumption of sport drinks, carbonated water and fruit.   

 The frequency of consumption of fruit-based sugared drinks was statistically 

significantly positively associated with the experience of dental erosion (p= 0.006).  

 The frequencies of consumption of sugared tea with milk (p= 0.032) and flavoured 

milk (p= 0.043) were statistically significantly negatively associated with the 

experience of dental erosion.   

 The experience of erosion increased with increasing the length of time taken to 

consume drinks, especially when the drinks lasted up to 15 minutes.  This was a 

statistically significantly positive association (p= 0.005).   

 The frequencies of consumption of sport drinks (p= 0.004), carbonated water (p= 

0.048) and fruit other than bananas (p=0.002) were statistically significantly 

negatively associated with the experience of dental erosion.  However, since the 

majority of the subjects (89%, 84%) never consumed sport drinks and carbonated 

water, respectively, it is possible that the results have been influenced by the impact of 

this low frequency of intakes of these drinks and the fruit.   

 The frequency of consumption of fruit-based sugared drinks was also statistically 

significantly positively associated with the experience of dental erosion in the 
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multivariate analysis.  Subjects who daily consumed fruit-based sugared drinks were 

most likely to have dental erosion (Odds Ratio 1.349, p= 0.049, 95% CI 1.001, 1.819).   

 The frequency of consumption of fruit other than bananas was statistically 

significantly positively associated with the experience of dental erosion in the 

multivariate analysis (p= 0.014, OR 3.411, 95% CI 1.288, 9.030).  In this study, fruits 

other than bananas were consumed by only 6% of the Libyan subjects with a 

frequency of two to four portions per day, the majority of subjects consuming one or 

less than one portion per day.  Therefore, the present findings suggest excluding the 

association between the consumption of fruits and experience of erosion.   

 The frequency of consumption of sugared tea with milk was statistically significantly 

positively associated with the experience of dental erosion in the multivariate analysis 

(p= 0.041, OR 1.375, 95% CI 1.013, 1.868).   

 Consumption of acidic drinks at bedtime, brushing after consuming acidic drinks, 

chewing gum, frequency of toothbrushing and parents’ education were not associated 

with experience of dental erosion.   

 There was no statistically significant association between experience of dental erosion 

and dietary data collected from the sub-sample (n= 180) through three-food diaries 

with interviews.  However, it is not possible to assess whether the collected dietary 

data was representative of a long-term dietary pattern, which could potentially 

contribute to the experience of dental erosion.   

11.2.2 Conclusion with regard to subsidiary aim 3.2.2; 

 There was no statistically significant association between fluoride exposure from 

water supplies and experience of dental erosion.   

11.2.3 Conclusions with regard to subsidiary aim 3.2.3; 

 Over half of the subjects (57.8%) had experience of dental caries.  The mean DMFT 

and DMFS indices were 1.68 (SD± 1.86) and 2.39 (SD± 3.05) for all 791 subjects.  
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Considering only subjects with caries experience (457), the mean DMFT and DMFS 

indices were 2.90 (SD± 1.56) and 4.14 (SD± 2.97), respectively.   

 The Decay index was 95.2%, Missing index was 3% and Care index was 1.8%.  The 

D (decayed) component (1.60, SD± 1.79) comprised the greatest proportion of the 

caries experience seen.  The F (filled) component (0.03, SD± 0.28) comprised the 

lowest of all components of the indices.  The M (missing teeth due to dental caries) 

component was (0.05, SD± 0.24).   

 The mean DMFT and DMFS were higher in girls (1.88 and 2.71) than boys (1.48 and 

2.08), respectively (p= 0.002).   

 The mean DMFT for this study (1.68) was higher than the WHO goal for 2020; a 

mean DMFT ≤ 1.5 for the same age group (Petersen, 2003).   

 There was a statistically significant positive association between the experience of 

dental caries and frequency of consumption of fruit-based sugared drinks (p=0.001, 

OR 1.368, 95% CI 0.468, 1. 83).  There was a statistically significant negative 

association between the experience of dental caries and fathers’ education levels 

(p=0.008, OR 0.699, 95% CI 0.536, 0.912).   

11.2.4 Conclusion with regard to subsidiary aim 3.2.4; 

 The experience of dental erosion was not statistically associated with experience of 

dental caries.   

11.3 Null hypotheses testing 

The following null hypotheses were tested in the present study:  

11.3.1 There is no difference in the prevalence and severity of dental erosion in 12 year-old 

children in Benghazi, Libya compared with European children.   
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 There was no difference in the prevalence and severity of dental erosion in 12 year-old 

children in Benghazi, Libya and European children and the null hypothesis was 

accepted.  The prevalence (40.8%) and severity (erosion into enamel only was the most 

common finding) of dental erosion in 12 year-old children in Benghazi, Libya was in 

agreement with data reported for the prevalence and severity of dental erosion in 

European children; the 52% found in the UK NDNS (Walker et al., 2000) and 33% 

found in the 2003 UK CDH Survey (Chadwick and Pendry, 2004); both these studies 

reported the majority of children had erosion in enamel only.   

11.3.2 There is no relationship between dental erosion and caries in 12 year-old children.   

 There is no relationship between dental erosion and dental caries in 12 year-old children 

in Benghazi, Libya and the null hypothesis was accepted.  The experience and severity 

of dental erosion was not statistically significantly associated with the experience of 

caries.   

11.3.3 There is no relationship between the prevalence and severity of dental erosion and the 

amount and frequency of consumption of acidic dietary items.   

 The null hypothesis was rejected.  The experience of dental erosion was statistically 

significantly positively associated with frequency of consumption of fruit-based sugared 

drinks.  The experience of dental erosion was statistically significantly positively 

associated with frequency of consumption of fruits, but it is possible that the results 

have been influenced by the impact of the low frequency of consumption of fruits by a 

majority of the subjects.   

11.3.4 There is no relationship between the prevalence and severity of dental erosion and 

exposure to other risk factors for dental erosion.   

 The null hypothesis was rejected.  The experience of dental erosion was statistically 

significantly positively associated the length of time taken to consume drinks.   
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11.4 Recommendations 

Taking into account the aspects included in the present study, it is recommended that:  

 Children and parents’ awareness about dental erosion and potential risk factors for its 

development should be increased.  Advice for its prevention also should be increased.  

Educational information about dental erosion should be distributed using easy and 

accessible messages to be understood by all people.   

 Children and adolescents should be included as target groups in education and 

prevention programmes about dental erosion.   

 A unified approach between different countries using a common criterion-referenced 

index and specific reference ages for the assessment of dental erosion should be defined 

to allow comparison of dental erosion in terms of prevalence and severity in 

epidemiological studies.   

 Development of longitudinal studies should be emphasized to monitor trends in the 

prevalence of dental erosion.   

 Sufficient training of dentists and dental professionals should be carried out to enable 

them to recognize the early stages of dental erosion in order to prevent further 

progression of this condition and minimize the expense of treatment.   

 The consumption of tap water should be encouraged as part of a healthy diet and as a 

good alternative to soft drinks.  Any taxes on bottled water should be reduced to 

encourage children to drink bottled water as an alternative to soft drinks when tap water 

is not available.   

 The consumption of acidic drinks should be discouraged and sales of these drinks 

should be restricted at school canteens.  As an alternative, sales of healthy foods and 

drinks such as fruits, milk and water should be encouraged.  Taxes on acidic drinks 
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should be increased.  The consumption of fruits should be encouraged as part of a 

healthy diet.   

 Television advertisements should be controlled, in order to prevent the promotion of 

unhealthy foods and drinks and to encourage a healthy diet, particularly at children’s 

programming time.  Participation of dentists in television health programmes is needed 

in order to explain to people the potential risk factors for dental erosion and its 

prevention.   

 Government, community representatives and schools should be involved in programmes 

to educate people about dietary practices and general health.  Health visits to schools are 

needed in order raise awareness and describe to the schoolchildren the risk of food 

habits, such as the frequent consumption of carbonated drinks, to health in general and 

to oral health in particular.   

 Researchers and manufacturers should continue to research and develop modified food 

and drinks in order to minimize dental erosion.   

11.5 Further work 

The present study has identified the following aspects of this area of research warranting 

further work:  

 The evaluation of people and dental professionals’ awareness about dental erosion and 

its potential risk factors is needed.  Assessment of knowledge, behaviour and attitudes 

using focus groups of schoolchildren, parents, dentists and public health planners about 

dental erosion and its potential risk factors should be undertaken in order to facilitate 

decisions on future plans and programmes for education and awareness.   
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 Development of further prevalence studies on dental erosion in urban and rural 

environments in Libya are essential, in order to assess if dental erosion is a major dental 

health problem in the country as a whole.   

 Further international prevalence studies and longitudinal studies on dental erosion are 

needed, so that trends in its prevalence can be observed and prevention strategies 

reviewed.    

 Further studies to test the relationship between dental erosion and caries are needed, in 

order to identify the potential risk factors for the two conditions and to assess if 

conflicting preventive methods for the two conditions exist.   

 Laboratory investigations are needed to identify the potential risk factors for dental 

erosion and to verify the erosivity of different foods and drinks consumed by Libyan 

children and adolescents.   

 Further questionnaire based studies are needed to compare the dietary habits of children 

in urban and rural areas in Libya.   

 Further dietary studies using food diary analysis with interviews are needed to test the 

relationship between frequency and amount of acidic food items and dental erosion.   

 A derived score was used in the present study to measure the severity of dental erosion 

by Area x Depth.  This score provided a greater range of values and was used as a proxy 

for the volume loss due to erosion on each tooth surface.  Similar results were found 

when dental erosion by Area x Depth score was compared with separate Depth and Area 

scores.  But Area x Depth provided a wider range of scores which may help to predict 

need for dental treatment and manage it clinically.  This derived score needs to be 

validated.   

 261



References 
 
Abdullah A, Strafford S, Brookes S, Toumba A, Barlow A, Smith S, et al. (2006). Effect 
of brushing on dental erosion. International Journal of Paediatric Dentistry 16:1. 
 
Abid A (2004). Oral health in Tunisia. International Dental Journal 54:389-394. 
 
Adamson A, Rugg-Gunn A, Butler T, Appleton D, Hackett A (1992). Nutritional intake, 
height and weight of 11-12 year-old Northumbrian children in 1990 compared with 
information obtained in 1980. British Journal of Nutrition 68:543-563. 
 
Adekoya-Sofowora C, Nasir W, Oginni A, Taiwo M (2006). Dental caries in 12 year-old 
suburban Nigerian school children. African Health Sciences 6:145-150. 
 
Aeberli I, Kaspar M, Zimmermann MB (2007). Dietary intake and physical activity of 
normal weight and overweight 6-to 14-year-old Swiss children. Swiss Medical Weekly 
137:424. 
 
Ahmed N, Astrom A, Skaug N (2007). Dental caries prevalence and risk factors among 
12 year-old schoolchildren from Baghdad, Iraq: a post-war survey. International Dental 
Journal 57:36-44. 
 
Ainamo J, Parviainen K (1979). Occurrence of plaque, gingivitis and caries as related to 
self reported frequency of toothbrushing in fluoride areas in Finland. Community 
Dentistry Oral Epidemiology 7:142-146. 
 
Al-Dlaigan YH, Shaw L, Smith A (2001a). Dental erosion in a group of British 14 year-
old, school children. Part I: prevalence and influence of differing socioeconomic 
backgrounds. British Dental Journal 190:145-149. 
 
Al-Dlaigan YH, Shaw L, Smith A (2001b). Dental erosion in a group of British 14 year-
old school children. Part II: influence of dietary intake. British Dental Journal 190:258-
261. 
 
Al-Dlaigan YH, Shaw L, Smith AJ (2001c). Vegetarian children and dental erosion. 
International Journal of Paediatric Dentistry 11:184-192. 
 
Al-Dlaigan YH, Shaw L, Smith AJ (2002a). Dental erosion in a group of British 14 year-
old, school children. Part III: influence of oral hygiene practises. British Dental Journal 
192:526-530. 
 
Al-Dlaigan YH, Shaw L, Smith AJ (2002b). Is there a relationship between asthma and 
dental erosion? A case control study. International Journal of Paediatric Dentistry 
12:189-200. 
 

 262



Al-Dosari A, Wyne A, Akpata E, Khan N (2004). Caries prevalence and its relation to 
water fluoride levels among schoolchildren in Central Province of Saudi Arabia. 
International Dental Journal 54:424-428. 
 
Algalyi G, Herwis k (2003). Prevalence of traumatic dental injuries among  preshool 
Libyan children. Cairo Dental Journal. 19:281-283. 
 
Ali F (2004). The frequency of tooth brushing habit on a group of Libyan children. Cairo 
Dental Journal. 20:247-249. 
 
Al-Ismaily M, Al-Busaidy K, Al-Khussaiby A (2004). The progression of dental disease in 
Omani schoolchildren. International Dental Journal 54:409-410. 
 
Al-Khateeb TI, Al-Marsafi AI, O'Mullane DM (1991). Caries prevalence and treatment 
need amongst children in Arabian community. Community Dentistry Oral Epidemiology 
19:277-280. 
 
Al-Majed I, Maguire A, Murray JJ (2002). Risk factors for dental erosion in 5-6 year old 
and 12-14 year old boys in Saudi Arabia. Community Dentistry Oral Epidemiology 
30:38-46. 
 
Al-Malik MI, Holt RD, Bedi R, Speight PM (2001a). Investigation of an index to measure 
tooth wear in primary teeth. Journal of Dentistry 29:103-107. 
 
Al-Malik MI, Holt RD, Bedi R (2001b). The relationship between erosion, caries and 
rampant caries and dietary habits in preschool children in Saudi Arabia. International 
Journal of Paediatric Dentistry 11:430-439. 
 
Al-Malik MI, Holt RD, Bedi R (2002). Erosion, caries and rampant caries in preschool 
children in Jeddah, Saudi Arabia. Community Dentistry Oral Epidemiology 30:16-23. 
 
Almeida C, Petersen P, Andre S, Toscano A (2003). Changing oral health status of 6 
and 12 year-old schoolchildren in Portugal. Community Dental Health 20:211-216. 
 
Al-Omiri M, Al-Wahdni A, Saeed K (2006). Oral health attitudes, knowledge, and 
behavior among schoolchildren in North Jordan. International Dental Education 70:179-
187. 
 
Al-Sharbati M, Meidan T, Sudani O (2000). Oral health practices and dental caries 
among Libyan pupils, Benghazi (1993-94). Eastern Mediterranean Health Journal 
6:997-1004. 
 
Amaechi BT, Higham SM (2001). Eroded enamel lesion remineralization by saliva as a 
possible factor in the site-specificity of human dental erosion. Archives of Oral Biology 
46:697-703. 
 

 263



Anderson A (1995). An overview of diet survey methology. British Food Journal 97:22-
26. 
 
Arens U (1998). Oral health: diet and other factors: the report of the British Nutrition 
Foundation's Task Force: Amsterdam: Elsevier Science. 
 
Árnadóttir IB, Sæmundsson SR, Holbrook WP (2003). Dental erosion in Icelandic 
teenagers in relation to dietary and lifestyle factors. Acta Odontologica Scandinavica 
61:25-28. 
 
Asher R, Read M (1987). Early enamel erosion in children associated with the 
excessive consumption of citric acid. British Dental Journal 162:384-387. 
 
Ashley PF, Attrill DC, Ellwood RP, Worthington HV, Davies RM (2000). Toothbrushing 
habits and caries experience. Caries Research 33:401-402. 
 
Attin T, Buchalla W, Gollner M, Hellwig E (2000). Use of variable remineralization 
periods to improve the abrasion resistance of previously eroded enamel. Caries 
Research 34:48-52. 
 
Attin T, Buchalla W, Putz B (2001). In vitro evaluation of different remineralization 
periods in improving the resistance of previously eroded bovine dentine against tooth-
brushing abrasion. Archives of Oral Biology 46:871-874. 
 
Attin T, Meyer K, Hellwig E, Buchalla W, Lennon AM (2003). Effect of mineral 
supplements to citric acid on enamel erosion. Archives of Oral Biology 48:753-759. 
 
Auad S (2006). Dental erosion in Brazilian schoolchildren and its association with dental 
caries and potential risk factors. PhD thesis. Newcastle upon Tyne: Newcastle 
University  
 
Auad S, Waterhouse P, Nunn J, Steen N, Moynihan P (2007). Dental erosion amongst 
13 -14 year-old Brazilian schoolchildren. International Dental Journal 57:161-167. 
 
Auad S, Waterhouse P, Nunn J, Moynihan P (2009). Dental caries and its association 
with sociodemographics, erosion, and diet in schoolchildren from southeast Brazil 
Pediatric Dentistry 31:229-235. 
 
Baccush MM, Nayak CS (1991). Prevalence of dental caries in school children from a 
suburban area in Tripoli, Libya. Acta Stomatologica Croatica 25:11-15. 
 
Barbour ME, Rees GD (2006). The role of erosion, abrasion and attrition in tooth wear. 
Journal of Clinical Dentistry 17:88-93. 
 

 264



Bardsley PF, Taylor S, Milosevic A (2004). Epidemiological studies of tooth wear and 
dental erosion in 14-year-old children in North West England. Part 1: The relationship 
with water fluoridation and social deprivation. British Dental Journal 197:413-416. 
 
Barron RP, Carmichael RP, Marcon MA, Sandor GK (2003). Dental erosion in 
gastroesophageal reflux disease. Journal Canadian Dental Association 69:84-89. 
 
Bartlett DW, Smith BG, Wilson RF (1994). Comparison of the effect of fluoride and non-
fluoride toothpaste on tooth wear in vitro and the influence of enamel fluoride 
concentration and hardness of enamel. British Dental Journal 176:346-348. 
 
Bartlett DW, Evans DF, Anggiansah A, Smith BG (1996). A study of the association 
between gastro-oesophageal reflux and palatal dental erosion. British Dental Journal 
181:125-131. 
 
Bartlett DW, Coward PY, Nikkah C, Wilson RF (1998). The prevalence of tooth wear in 
a cluster sample of adolescent schoolchildren and its relationship with potential 
explanatory factors. British Dental Journal 184:125-129. 
 
Bartlett DW (2005). The role of erosion in tooth wear: aetiology, prevention and 
management. International Dental Journal 55:277-284. 
 
Bartlett D, Ganss C, Lussi A (2008). Basic erosive wear examination (BEWE): a new 
scoring system for scientific and clinical needs. Clinical Oral Investigations 12:65-68. 
 
Bartlett D (2009). Etiology and prevention of acid erosion. Compendium of Continuing 
Education in Dentistry 30:616. 
 
Behbehani J, Scheutz F (2004). Oral health in Kuwait. International Dental Journal 
54:401-408. 
 
Beiruti N, van Palenstein Helderman W (2004). Oral health in Syria. International Dental 
Journal 54:383-388. 
 
Birkeland J, Haugejorden O, Ramm van der Fehr F (2000). Some factors associated 
with the caries decline among Norwegian children and adolescents: age-specific and 
cohort analyses. Caries Research 34:109-116. 
 
Biro G, Hulshof K, Ovesen L, Amorim C (2002). Original communication. Selection of 
methodology to assess food intake. European Journal of Clinical Nutrition 56:25-32. 
 
Bohnen NI, Kaufer DI, Hendrickson R, Constantine GM, Mathis CA, Moore RY (2007). 
Cortical cholinergic denervation is associated with depressive symptoms in Parkinson's 
disease and parkinsonian dementia. Journal of Neurology, Neurosurgery and Psychiatry 
78:641-643. 
 

 265



Bolan M, Ferreira MC, Vieira RS (2008). Erosive effects of acidic center-filled chewing 
gum on primary and permanent enamel. Journal of Indian Society of Pedodontics and 
Preventive Dentistry 26:149. 
 
Bonecker M, Cleaton-Jones P (2003). Trends in dental caries in Latin American and 
Caribbean 5-6 and 11-13 year-old children: a systemic review. Community Dentistry 
Oral Epidemiology 31:152-157. 
 
Bourgeois D, Roland E, Desfontaine J (2004). Caries prevalence 1987-1998 in 12 year-
olds in France. International Dental Journal 54:193-200. 
 
Bradley C, Wendell E (2009). Has urbanization become a risk factor for dental caries in 
Kerala, India: a cross-sectional study of children aged 6 and 12 years. International 
Journal of Paediatric Dentistry 19:330-337. 
 
Bratthall D, Hansel-Petersson G, Sundberg H (1996). Reasons for the caries decline: 
what do the experts believe? European Journal of Oral Sciences 104:416-422. 
 
Brown CJ, Smith G, Shaw L, Parry J, Smith AJ (2007). The erosive potential of 
flavoured sparkling water drinks. International Journal of Paediatric Dentistry 17:86-91. 
 
Burkhart N, Roberts M, Alexander M, Dodds A (2005). Communicating effectively with 
patients suspected of having bulimia nervosa. Journal of the American Dental 
Association 136:1130-1137. 
 
Burt BA, Eklund SA, Morgan KJ, Larkin FE, Guire KE, Brown LO, et al. (1988). The 
effects of sugars intake and frequency of ingestion on dental caries increment in a 
three-year longitudinal study. Journal of Dental Research 67:1422-1429. 
 
Burt BA, Pai S (2001). Sugar consumption and caries risk: a systematic review. Journal 
of Dental Education 65:1017-1023. 
 
Cade JE (1988). Are diet records using household measures comparable to weighed 
intakes? Journal of Human Nutrition and Dietetrics 1:171-178. 
 
Caglar E, Kargul B, Tanboga I, Lussi A (2005). Dental erosion among children in an 
Istanbul public school. Journal of Dentistry for Children 72:5-9. 
 
Caglar E, Lussi A, Kargul B, Ugur K (2006). Fruit yogurt: any erosive potential regarding 
teeth? Quintessence International 37:647-651. 
 
Cairns AM, Watson M, Creanor SL, Foye RH (2002). The pH and titratable acidity of a 
range of diluting drinks and their potential effect on dental erosion. Journal of Dentistry 
30:313-317. 
 

 266



Campus G, Solinas G, Cagetti M, Senna A, Minelli L, Majori S, et al. (2007). National 
Pathfinder survey of 12 year-old children's oral health in Italy. Caries Research 41:512-
517. 
 
Chadwick B, Pendry L (2004). Non - carious dental conditions. Children's Dental Health 
in the United Kingdom, 2003. http://www.statistics. 
Gov.uk/CHILDREN/dentalhealth/default.asp. Office for National Statistics. 
 
Chadwick BL, White DA, Morris AJ, Evans D, Pitts NB (2006). Non-carious tooth 
conditions in children in the UK, 2003. British Dental Journal 200:379-384. 
 
Clancy KL, Bibby BG, Goldberg HJ, Ripa LW, Barenie J (1977). Snack food intake of 
adolescents and caries development. Journal of Dental Research 56:568-573. 
 
Correr GM, Alonso RCB, Correa MA, Campos EA, Baratto-Filho F, Puppin-Rontani RM 
(2009). Influence of diet and salivary characteristics on the prevalence of dental erosion 
among 12 year-old schoolchildren. Journal of Dentistry for Children 76:181-187. 
 
Crawley H, Mills A, Patel S (1993). Food portion sizes. 2nd ed. London: HMSO  
 
Dahshan A, Patel H, Delaney J, Wuerth A, Thomas R, Tolia V (2002). 
Gastroesophageal reflux disease and dental erosion in children. Journal of Pediatrics 
140:474-478. 
 
Davis RE, Marshall TA, Qian F, Warren JJ, Wefel JS (2007). In vitro protection against 
dental erosion afforded by commercially available, calcium-fortified 100 percent juices. 
Journal of the American Dental Association 138:1593-1598; quiz 1615. 
 
Dawes C (1987). Physiological factors affecting salivary flow rate, oral sugar clearance, 
and the sensation of dry mouth in man. Journal of Dental Research 66 648-653. 
 
Dawes C, Macpherson LM (1992). Effects of nine different chewing-gums and lozenges 
on salivary flow rate and pH. Caries Research 26:176. 
 
Dawes C (2008). Salivary flow patterns and the health of hard and soft oral tissues. 
Journal of the American Dental Association 139:18-24. 
 
Decarli B, Cavadini C, Grin J, Blondel-lubrano A, Narring F, Michaud A (2000). Food 
and nutrient intakes in a group of 11 to 16 year old Swiss teenagers. International 
Journal for Vitamin and Nutrition Research 70:139-147. 
 
Deery C, Wagner ML, Longbottom C, Simon R, Nugent ZJ (2000). The prevalence of 
dental erosion in a United States and a United Kingdom sample of adolescents. 
Pediatric Dentistry 22:505-510. 
 

 267



Department of Health (1989). Dietary sugars and human disease. Report on health and 
social subjects no 37  London. 
 
Department of Health (1991). Report on health and social subjects: dietary reference 
values for food energy and nutrients for the United Kingdom. London: HSMO. 
 
Department of Health (1994). Nutritional aspects of cardiovascular diease. Report on 
health and social subjects no.46. London: HMSO. 
 
Deshpande SD, Hugar SM (2004). Dental erosion in children : an increasing clinical 
problem. Journal of the Indian Society of Pedodontics and Preventive Dentistry 22:118-
127. 
 
Dini E, Foschini A, Brandao I, Correa da Silva S (1999). Changes in caries prevalence 
in 7-12 year-old children from Araraquara,Sao Paulo, Brazil:1989 -1995. Cadernos de 
Saude Publica 15. 
 
Donachie MA, Walls AWG (1996). The tooth wear index: a flawed epidemiological tool 
in an ageing population group. Community Dentistry Oral Epidemiology 24:152-158. 
 
Dugmore CR, Rock WP (2003a). Awareness of tooth erosion in 12 year-old children 
and primary care dental practitioners. Community Dental Health 20:223-227. 
 
Dugmore CR, Rock WP (2003b). The progression of tooth erosion in a cohort of 
adolescents of mixed ethnicity. International Journal of Paediatric Dentistry 13:295-303. 
 
Dugmore CR, Rock WP (2004a). The prevalence of tooth erosion in 12 year-old 
children. British Dental Journal 196:279-282. 
 
Dugmore CR, Rock WP (2004b). A multifactorial analysis of factors associated with 
dental erosion. British Dental Journal 196:283-286. 
 
Eccles JD, Jenkins WG (1974). Dental erosion and diet. Journal of Dentistry 2:153-159. 
 
Ehlen LA, Marshall TA, Qian F, Wefel JS, Warren JJ (2008). Acidic beverages increase 
the risk of in vitro tooth erosion. Nutrition Research 28:299-303. 
 
El Karim IA, Sanhouri NM, Hashim NT, Ziada HM (2007). Dental erosion among 12-14 
year-old schoolchildren in Khartoum: A pilot study. Community Dental Health 24:176. 
 
Ellwood RP, Hawew RM, Worthington HV, Blinkhorn AS (1996). Developmental enamel 
defects and extrinsic tooth stain in Libyan schoolchildren. Community Dentistry Oral 
Epidemiology 24:419-420. 
 

 268



Ersin NK, Onca O, Tumgor G, Aydodu S, Hilmiolu S (2006). Oral and dental 
manifestations of gastroesophageal reflux disease in children: A preliminary study. 
Pediatric Dentistry 28:279-284. 
 
Fares J, Shirodaria S, Chiu K, Ahmad N, Sherriff M, Bartlett D (2009). A new index of 
tooth wear: Reproducibility and application to a sample of 18-30 year-old university 
students. Caries Research 43:119-125. 
 
Farrokhi F, Vaezi MF (2007). Extra-esophageal manifestations of gastroesophageal 
reflux. Oral Diseases 13:349-359. 
 
Federation Dentaire Internationale (1992). Development defects of enamel index (DDE 
index). International Dental Journal 42:410-417. 
 
Fletcher ES (2003). Changes in the diets of adolescents: University of Newcastle upon 
Tyne. 
 
Fletcher ES, Rugg-Gunn AJ, Matthews JN, Hackett A, Moynihan PJ, Mathers JC, et al. 
(2004). Changes over 20 years in macronutrient intake and body mass index in 11- to 
12-year-old adolescents living in Northumberland. British Journal of Nutrition 92:321-
333. 
 
Fteita D, Ali A, Alaluusua S (2006). Molar-incisor hypomineralization (MIH) in a group of 
school-aged children in Benghazi, Libya. European Archives of Paediatric Dentistry 
7:92-95. 
 
GAI (2006). Great Socialist People's Libyan Arab Jamahiriya: General Authority of 
information. Preliminary results of general population census 2006. 
 
Gambon DL, van den Keijbus PA, van Amerongen AN (2006). Candy sprays and -gels: 
effect on salivary flow and pH. Nederlands Tijdschrift Voor Tandheelkunde 113:27-32. 
 
Gandara BK, Truelove EL (1999). Diagnosis and management of dental erosion. The 
Journal of Contemporary Dental Practice 1:16-23. 
 
Ganss C, Schlechtriemen M, Klimek J (1999). Dental erosions in subjects living on a 
raw food diet. Caries Research 33:74-80. 
 
Ganss C, Klimek J, Giese K (2001a). Dental erosion in children and adolescents-a 
cross-sectional and longitudinal investigation using study models. Community Dentistry 
Oral Epidemiology 29:264-271. 
 
Ganss C, Klimek J, Schäffer U, Spall T (2001b). Effectiveness of two fluoridation 
measures on erosion progression in human enamel and dentine in vitro. Caries 
Research 35:325-330. 
 

 269



Ganss C, Klimek J, Borkowski N (2002). Characteristics of tooth wear in relation to 
different nutritional patterns including contemporary and medieval subjects. European 
Journal of Oral Sciences 110:54-60. 
 
Ganss C, Klimek J, Brune V, Schurmann A (2004). Effects of two fluoridation measures 
on erosion progression in human enamel and dentine in situ. Caries Research 38:561-
566. 
 
Ganss C, Lussi A (2008). Current erosion indices-flawed or valid? Clinical Oral 
Investigations 12:1-3. 
 
Garrow JS, James WPT, Ralph A (2000). Human nutrition and dietetics: Churchill 
Livingstone. 
 
Gerreth K (2006). Tooth wear in Hindu betel nut chewers. Przeglad Lekarski 63:882-886. 
 
Giunta JL (1983). Dental erosion resulting from chewable vitamin C tablets. Journal of 
the American Dental Association 107:253-256. 
 
GMRA (1983). The Great Man made River Authority, Benghazi, Libya. 
 
Gregg T, Mace S, West N, Addy M (2004). A study in vitro of the abrasive effect of the 
tongue on enamel and dentine softened by acid erosion. Caries Research 38:557-560. 
 
Gregory J, Lowe S, Bates C, Prentice A, Jackson L, Smithers G, et al., editors (2000). 
National Diet and Nutrition Survey: young people aged 4 to 18 years: Report of the diet 
and nutrition survey. London: The Stationery Office. 
 
Grenby TH (1996). Methods of assessing erosion and erosive potential. European 
Journal of Oral Sciences 104:207-214. 
 
Grewal H, Verma M, Kumar A (2009). Prevalence of dental caries and treatment needs 
in the rural child population of Nainital District, Uttaranchal. Journal of Indian Society of 
Pedodontics and Preventive Dentistry 27:224. 
 
Gudmundsson K, Kristleifsson G, Theodors A, Holbrook W (1995). Tooth erosion, 
gastroesophageal reflux, and salivary buffer capacity. Oral surgery, oral medicine, oral 
pathology, oral radiology, and endodontics 79:185-189. 
 
Hackett A, Rugg-Gunn A, Appleton D (1983). Use of a dietary diary and interview to 
estimate the food intake of children. Human Nutrition. Applied Nutrition 37:293-300. 
 
Hackett A, Rugg-Gunn A, Appleton D, Allinson M, Eastoe J (1984). Sugars-eating 
habits of 405 11-14 year-old English children. British Journal of Nutrition 51:347-356. 
 

 270



Hackett A, Appleton D, Rugg-Gunn A, Eastoe J (1985). Some influences on the 
meaurment of food intake during a dietary survey of adolescents. Human Nutrition. 
Applied Nutrition 39:167-177. 
 
Hara A, Zero D (2008). Analysis of the erosive potential of calcium-containing acidic 
beverages. European Journal of Oral Sciences. 116:60-65. 
 
Harding M, Whelton H, O'Mullane D, Cronin M (2003). Dental erosion in 5 year-old Irish 
school children and associated factors: a pilot study. Community Dental Health 20:165-
170. 
 
Harley K (1999). Tooth wear in the child and the youth. British Dental Journal 186:492-
496. 
 
Hashim R, Thomson W, Ayers K, Lewsey J, Awad M (2006). Dental caries experience 
and use of dental services among preschool children in Ajman, UAE. International 
Journal of Paediatric Dentistry 16:257. 
 
Hassan A (2000). Reasons for tooth extraction among patients in Sebha, Libyan Arab 
Jamahiriya: a pilot study. Eastern Mediterranean Health Journal 6:176-178. 
 
Hawew R (1995). An assessment of the dental health of six and twelve year old children 
in Benghazi and Jardinah, Libya, Published Msc.thesis, University of Manchester. 87- 
22. 
 
Hawew RM, Ellwood RP, Hawley GM, Worthington HV, Blinkhorn AS (1996). Dental 
caries in children from two Libyan cities with different levels of fluoride in their drinking 
water. Community Dental Health 13:175-177. 
 
Hemingway C, Parker D, Addy M, Barbour M (2006). Erosion of enamel by non-
carbonated soft drinks with and without toothbrushing abrasion. British Dental Journal 
201:447-450. 
 
Hind K, Gregory J (1995). National Diet and Nutrition Survey: children aged 11/2 to 41/2 
years. Report of the dental survey, HMSO,  London. 
 
Honório H, Rios D, Santos C, Magalhães A, Buzalaf M, Machado M (2008). Effects of 
erosive, cariogenic or combined erosive/cariogenic challenges on human enamel. 
Caries Research 42:454-459. 
 
Hosmer D, Lemeshow S (2000). Applied logistic regression: New York: Willey 
Interscience Publication. 
 
Howden G (1971). Erosion as the presenting symptom in hiatus hernia. A case report. 
British Dental Journal 131:455-456. 
 

 271



Hughes J, West N, Addy M (2004). The protective effect of fluoride treatments against 
enamel erosion in vitro. Journal of Oral Rehabilitation 31:357. 
 
Ibrahim Y, Bjorvatn K, Birkland J (1997). Caries and dental fluorosis in a 0.25 and a 2.5 
ppm fluoride area in the Sudan. International Journal of Paediatric Dentistry 7:161-166. 
 
Imfeld T (1996). Prevention of progression of dental erosion by professional and 
individual prophylactic measures. European Journal of Oral Sciences 104:215-220. 
 
Ingafou M, Omar S, Hamouda S, Bellal M (2003). Oral Health Status and treatment 
needs of preschool children in Benghazi. Garyounis Medical Journal. 20:31-39. 
 
Irigoyen M, Sanchez-Hinojosa G (2000). Changes in dental caries prevalence in 12 
year-old students in the state of Mexico after 9 years of salt fluoridation. Caries 
Research 34:303-307. 
 
Jaeggi T, Lussi A (2006). Prevalence, incidence and distribution of erosion. 
Monographs in Oral Science 20:44. 
 
Jamieson L, Thomson W, Mcgee R (2004). Caries prevalence and severity in urban 
Fijian schoolchildren. International Journal of Paediatric Dentistry 14:34-40. 
 
Jarvinen V, Meurman J, Hyvarinen H, Rytomaa I, Murtomaa H (1988). Dental erosion 
and upper gastrointestinal disorders. Oral surgery oral medicine and oral pathology 
65:298-303. 
 
Jarvinen V (1991). Risk factors in dental erosion. Journal of Dental Research 70:942-
947. 
 
Jarvinen V, Rytomaa I, Heinonen O (1991). Risk factors in dental erosion. Journal of 
Dental Research 70:942-947. 
 
Jarvinen V, Rytomaa I, Meurman J (1992). Location of dental erosion in a referred 
population. Caries Research 26:391-396. 
 
Jasz M, Varga G, Toth Z (2007). Dental erosion and gastro-esophageal reflux disease. 
Fogorvosi Szemle 100:3-10. 
 
Johansson A, Johansson A, Birkhed D, Omar R, Baghdadi S, Carlsson G (1996). 
Dental erosion, soft-drink intake, and oral health in young Saudi men, and the 
development of a system for assessing erosive anterior tooth wear. Acta Odontologica 
Scandinavica 54:369-378. 
 
Johansson A, Johansson A, Birkhed D, Omar R, Baghdadi S, Khan N, et al. (1997). 
Dental erosion associated with soft-drink consumption in young Saudi men. Acta 
Odontologica Scandinavica 55:390-397. 

 272



Johansson A, Sorvari R, Birkhed D, Meurman J (2001). Dental erosion in deciduous 
teeth--an in vivo and in vitro study. Journal of Dentistry 29:333-340. 
 
Johansson A, Lingstrom P, Birkhed D (2002). Comparison of factors potentially related 
to the occurrence of dental erosion in high-and low-erosion groups. European Journal of 
Oral Sciences 110:204-211. 
 
Johansson A, Johansson A, Omar R, Carlsson G (2008). Rehabilitation of th worn 
dentition. Journal of Oral Rehabilitation 35:548-566. 
 
Joiner A, Collins L, Cox T, Pickles M, Weader E, Liscombe C, et al. (2005). The 
measurement of enamel and dentine abrasion by tooth whitening products using an in 
situ model. International Dental Journal 55:194-196. 
 
Joiner A (2006). Review of the extrinsic stain removal and enamel/dentine abrasion by a 
calcium carbonate and perlite containing whitening toothpaste. International Dental 
Journal 56:175-180. 
 
Jones R, Cleaton-Jones P (1989). Depth and area of dental erosions, and dental caries, 
in bulimic women. Journal of Dental Research 68:1275-1278. 
 
Jones R, Lydeard S (1989). Prevalence of symptoms of dyspepsia in the community. 
British Medical Journal 298:30-32. 
 
Jones S, Burt B, Petersen P, Lennon M (2005). The effective use of fluorides in public 
health. Bulletin of the World Health Organization 83:670-676. 
 
Kazoullis S, Seow W, Holcombe T, Newman B, Ford D (2007). Common dental 
conditions associated with dental erosion in schoochildren in Australia. Pediatric 
Dentistry 29:33-39. 
 
Kelleher M, Bishop K (1999). Tooth surface lossTooth surface loss: an overview. British 
Dental Journal 186:61-66. 
 
Kelly S, Summerbell C, Rugg-Gunn A, Adamson A, Fletcher E, Moynihan P (2007). 
Comparison of methods to estimate non-milk extrinsic sugars and their application to 
sugars in the diet of young adolescents. British Journal of Nutrition 94:114-124. 
 
Khalil M, Shaladi O, Tarafdar G, Abou-zeid M (1981). Causes of tooth mortality in 
Benghazi: a clinical-statistical study. Garyounis Medical Journal 4:39-44. 
 
Khan M, Abu-Zeid H, Faraj A (2007). Teething pattern and prevalence of dental caries. 
Indian Journal of Pediatrics 57:105-108. 
 

 273



Kitchens M, Owens B (2007). Effect of carbonated beverages, coffee, sports and high 
energy drinks, and bottled water on the in vitro erosion characteristics of dental enamel. 
Journal of Clinical Pediatric Dentistry 31:153-159. 
 
Kiwanuka S, Astrom A, Trovik T (2006). Sugar snack consumption in Ugandan 
schoolchildren: validity and reliability of a food frequency questionnaire. Community 
Dentistry Oral Epidemiology 34:372-380. 
 
König K (2000). Diet and oral health. International Dental Journal 50:162-174. 
 
Kunzel W, Cruz M, Fischer T (2000). Dental erosion in Cuban children associated with 
excessive consumption of oranges. European Journal of Oral Sciences 108:104-109. 
 
Kwan S, Williams S (1998). The reliability of interview data for age at which infants' 
toothcleaning begins. Community Dentistry Oral Epidemiology 26:214-218. 
 
Larsen M, Nyvad B (1999). Enamel erosion by some soft drinks and orange juices 
relative to their pH, buffering effect and contents of calcium phosphate. Caries 
Research 33:81-87. 
 
Larsen I, Westergaard J, Stoltze K, Larsen A, Gyntelberg F, Holmstrup P (2000). A 
clinical index for evaluating and monitoring dental erosion. Community Dentistry Oral 
Epidemiology 28:211-217. 
 
Larsen M, Poulsen S, Hansen I (2005). Erosion of the teeth: prevalence and distribution 
in a group of Danish school children. European Journal of Paediatric Dentistry 6:44-47. 
 
Lazarchik D, Filler S (1997). Effects of gastroesophageal reflux on the oral cavity. 
American Journal of Medicine 103:107-113. 
 
Linkosalo E, Markkanen H (1985). Dental erosions in relation to lactovegetarian diet. 
Scandinavian Journal of Dental Research 93:436-441. 
 
Linnett V, Seow W (2001). Dental erosion in children: a literature review. Pediatric 
Dentistry 23:37-43. 
 
Lissner L, Heitmann B, Bengtsson C (2007). Population studies of diet and obesity. 
British Journal of Nutrition 83:21-24. 
 
Livingstone M, Robson P (2000). Measurement of dietary intake in children. 
Proceedings of the Nutrition Society 59:279-293. 
 
Lobene R (1968). Effect of dentifrices on tooth stains with controlled brushing. Journal 
of the American Dental Association 77:849-855. 
 

 274



Lock K, Pomerleau J, Causer L, Altmann D, McKee M (2005). The global burden of 
disease attributable to low consumption of fruit and vegetables: implications for the 
global strategy on diet. Bulletin of the World Health Organization 83:100-108. 
 
Luo Y, Zeng X, Du M, Bedi R (2005). The prevalence of dental erosion in preschool 
children in China. Journal of Dentistry 33:115-121. 
 
Lussi A, Schaffner M, Hotz P, Suter P (1991). Dental erosion in a population of Swiss 
adults. Community Dentistry Oral Epidemiology 19:286-290. 
 
Lussi A, Kohler N, Zero D, Schaffner M, Megert B (2000). A comparison of the erosive 
potential of different beverages in primary and permanent teeth using an in vitro model. 
European Journal of Oral Sciences 108:110-114. 
 
Lussi A, Jaeggi T (2004). Erosion caused by gastric reflux in children. Discussion of 
etiology, clinical appearance and therapy in two cases. Schweizer Monatsschrift fur 
Zahnmedizin 114:1018-1030. 
 
Lussi A, Jaeggi T, Zero D (2004). The role of diet in the aetiology of dental erosion. 
Caries Research:34-44. 
 
Lussi A (2006). Erosive tooth wear - a multifactorial condition of growing concern and 
increasing knowledge. Monographs in Oral Science 20:1-8. 
 
Lussi A, Hellwig E (2006). Risk assessment and preventive measures. Monographs in 
Oral Science 20:190-199. 
 
Lussi A, Hellwig E, Zero D, Jaeggi T (2006). Erosive tooth wear: diagnosis, risk factors 
and prevention. American Journal of Dentistry 19:319-325. 
 
Lussi A, Jaeggi T (2006). Dental erosion in children. Monographs in Oral Science 
20:140-151. 
 
Lussi A, Schaffner M, Jaeggi T (2007). Dental erosion: diagnosis and prevention in 
children and adults. International Dental Journal 57:385-398. 
 
Lussi A, Jaeggi T (2008). Erosion-diagnosis and risk factors. Clinical Oral 
Investigations:5-13. 
 
Mangueira D, Sampaio F, Oliveira A (2009). Association between socioeconomic 
factors and dental erosion in Brazilian schoolchildren. Journal of Public Health Dentistry 
69:254-259. 
 
Margetts B (2007). FAO/WHO launch expert report on diet, nutrition and prevention of 
chronic diseases. Public Health Nutrition 6:323-325. 
 

 275



Martinez-Mier E, Cury J, Heilman J, Levy S, Li Y, Maguire A, et al. (2004). Development 
of standard fluoride analytical methods: direct analysis. Caries Research 38:372. 
 
May J, Waterhouse P (2003). Dental erosion and soft drinks: a qualitative assessment 
of knowledge, attitude and behaviour using focus groups of schoolchildren. A 
preliminary study. International Journal of Paediatric Dentistry 13:425. 
 
McGuire J, Szabo A, Jackson S, Bradley TG, Okunseri C (2009). Erosive tooth wear 
among children in the United States: relationship to race/ethnicity and obesity. 
International Journal of Paediatric Dentistry 19:91-98. 
 
Meurman J, Toskala J, Nuutinen P, Klemetti E (1994). Oral and dental manifestations in 
gastrooesophageal reflux disease. Oral surgery oral medicine and oral pathology 
78:583-589. 
 
Meyers I, Bdsc F, Fadi F (2008). Diagnosis and management of the worn dentition: risk 
management and pre-restorative strategies for the oral and dental environment. Annals 
of the Royal Australasian College of Dental Surgeons 19:27-30. 
 
Millward A, Shaw L, Smith A, Rippin J, Harrington E (1994a). The distribution and 
severity of tooth wear and the relationship between erosion and dietary constituents in a 
group of children. International Journal of Paediatric Dentistry 4:151-157. 
 
Millward A, Shaw L, Smith A (1994b). Dental erosion in four-year-old children from 
differing socioeconomic backgrounds. ASDC Journal of Dentistry for Children 61:263-
266. 
 
Milosevic A, Young P, Lennon M (1994). The prevalence of tooth wear in 14 year-old 
school children in Liverpool. Community Dental Health 11:83-86. 
 
Milosevic A, Lennon M, Fear S (1997). Risk factors associated with tooth wear in 
teenagers: a case control study. Community Dental Health 14:143-147. 
 
Milosevic A (1998). Toothwear: aetiology and presentation. Dental Update 25:6-11. 
 
Milosevic A, Bardsley P, Taylor S (2004). Epidemiological studies of tooth wear and 
dental erosion in 14-year old children in North West England. Part 2: The association of 
diet and habits. British Dental Journal 197:479-483. 
 
Milosevic A (2006). Enamel erosion by soft drinks with and without abrasion. British 
Dental Journal 201:439. 
 
Misra F, Shee B (1979). Prevalence of dental caries in school going children in an urban 
area of South Orissa. Journal of the Indian Dental Association 51:267-270. 
 

 276



Miyazaki H, Morimoto M (1996). Changes in caries prevalence in Japan. European 
Journal of Oral Sciences 104:452-458. 
 
Moazzez R, Bartlett D, Anggiansah A (2004). Dental erosion, gastro-oesophageal reflux 
disease and saliva: how are they related? Journal of Dentistry 32:489-494. 
 
Momeni A, Mardi M, Pieper K (2006). Caries Prevalence and tretment needs of 12-year-
old children in the Islamic Republic of Iran. Medical Principles and Practice 15:24-28. 
 
Morandé G, Celada J, Casas J (1999). Prevalence of eating disorders in a Spanish 
school-age population. Journal of Adolescent Health 24:212-219. 
 
Moss S (1998). Dental erosion. International Dental Journal 48:529-539. 
 
Moynihan P (2000). Foods and factors that protect against dental caries. Nutrition 
Bulletin 25:281-286. 
 
Moynihan P (2002). Dietary advice in dental practice. British Dental Journal 193:563-
568. 
 
Moynihan P, Petersen P (2004). Diet, nutrition and the prevention of dental diseases. 
Public Health Nutrition 7:201-226. 
 
Moynihan P (2005). The role of diet and nutrition in the etiology and prevention of oral 
diseases. Bulletin of the World Health Organization 83:694-699. 
 
Moynihan P (2007). The interrelationship between diet and oral health. Proceedings of 
the Nutrition Society 64:571-580. 
 
Mungia R, Zarzabal L, Dang S, Baez M, Stookey G, Brown J (2009). Epidemiologic 
survey of erosive tooth wear in San Antonio, Texas. Texas Dental Journal 126:1097-
1109. 
 
Nelson M, Atkinson M, Meyer J, Britain G (1997). A photographic atlas of food portion 
sizes: Great Britain, Ministry of Agriculture, Fisheries and Food. 
 
Nelson M, Haraldsdóttir J (1998). Food photographs: practical guidelines II. 
Development and use of photographic atlases for assessing food portion size. Public 
Health Nutrition 1:231-237. 
 
Nuca C, Amariei C, Borutta A, Petcu L (2009). Prevalence and severity of dental caries 
in 6-12 year-old children in Constanta District (urban area), Romania. Journal of Oral 
Health and Dental Management in Black Sea Countries 8:19-24. 
Nunn J, Welbury R, Gordon P, Stretton-Downes S, Green-Abate C (1992). Dental 
health of children in an integrated urban development programme for destitute mothers 
with twins in Addis Ababa. International Dental Journal 42:445-450. 

 277



Nunn J (1996). Prevalence of dental erosion and the implications for oral health. 
European Journal of Oral Sciences 104:156-161. 
 
Nunn J, Shaw L, Smith A (1996). Tooth wear-dental erosion. British Dental Journal 
180:349-352. 
 
Nunn J, Rugg-Gunn A, Gordon P, Stephenson G (2001). A longitudinal study of dental 
erosion in adolescent girls. Caries Research 35:296. 
 
Nunn J, Gordon P, Morris A, Pine C, Walker A (2003). Dental erosion - changing 
prevalence? A review of British National childrens' surveys. International Journal of 
Paediatric Dentistry 13:98-105. 
 
O'Brien M (1994). Children's Dental Health in the United Kingdom 1993: Office of 
Population Censuses and Surveys Her Majesty's stationery Office, London. 
 
Oginni A, Agbakwuru E, Ndububa D (2005). The prevalence of dental erosion in 
Nigerian patients with gastro-oesophageal reflux disease. BMC Oral Health 5:1. 
 
Okawa Y, Takahashi Y, Sazuka J, Matsukubo T, Takaesu Y (1992). Decline in caries 
prevalence in 6 -14 year-old schoolchildren during1975-85 in Shizuoka, Japan. 
Community Dentistry Oral Epidemiology 20:246-249. 
 
Omar S (1989). A point prevalence investigation of aspects of dental health in rural and 
urban Libyan children, PhD thesis, University of Dundee.145 -156. 
 
Omar S, Pitts N (1991). Oral hygiene, gingivitis and periodontal status of Libyan school 
children. Community Dental Health 8:329-333. 
 
Osborne-Smith K, Burke F, Wilson N (1999). The aetiology of the non-carious cervical 
lesion. International Dental Journal 49:139-143. 
 
O'Sullivan E, Curzon M (2000a). A comparison of acidic dietary factors in children with 
and without dental erosion. Journal of Dentistry for Children 67:186-192. 
 
O'Sullivan E, Curzon M (2000b). Salivary factors affecting dental erosion in children. 
Caries Research 34:82-87. 
 
O'Sullivan E (2000c). A new index for measurment of erosion in children. European 
Journal of Paediatric Dentistry 1:69 - 76. 
 
Patchett C (2009). Can an erosion index prompt appropriate clinical intervention? A 
prospective study. Newcastle upon Tyne, MPhil thesis, Newcastle University. 
 

 278



Peres K, Armenio M, Peres M, Traebert J, DeLacerda J (2005a). Dental erosion in 12 
year-old schoolchildren: a cross-sectional study in Southern Brazil. International Journal 
of Paediatric Dentistry 15:249-255. 
 
Peres M, Peres K, Traebert J, Zabot N, Lacerda J (2005b). Prevalence and severity of 
dental caries are associated with the worst socioeconomic conditions: a Brazilian cross-
sectional study among 18-year-old males. Journal of Adolescent Health 37:103-109. 
 
Peres S, Goys S, Araujo J, Peres A, Lauris J, Buzalaf M (2008). Prevalence of dental 
wear among 12 year-old Brazilian adolescents using a modification of the tooth wear 
index. Public Health 122:942-948. 
 
Petersen P (2003). Changing oral health profiles of children in Central and  Eastern 
Europe- challenges for the 21st century. Community Dental Health 20:211-216. 
 
Petersen P (2003). WHO/FAO Expert Report on diet and chronic disease. Geneva. 
 
Petersen P (2003). The World Oral Health Report. Geneva, Switzerland: World Health 
Organization. 
 
Petersen P, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C (2005). The global 
burden of oral diseases and risks to oral health. Bulletin of the World Health 
Organization 83:661-669. 
 
Petersson H, Bratthall D (1996). The caries decline: a reviw of reviews. European 
Journal of Oral Sciences 104:436-443. 
 
Philpotts C, Weader E, Joiner A (2005). The measurement in vitro of enamel and 
dentine wear by toothpastes of different abrasivity. International Dental Journal 55:183-
187. 
 
Pickles M, Evans M, Philpotts C, Joiner A, Lynch R, Noel N, et al. (2005a). In vitro 
efficacy of a whitening toothpaste containing calcium carbonate and perlite. 
International Dental Journal 55:197-202. 
 
Pickles M, Joiner A, Weader E, Cooper Y, Cox T (2005b). Abrasion of human enamel 
and dentine caused by toothpastes of differing abrasivity determined using an in situ 
wear model. International Dental Journal 55:188-193. 
 
Pitts N, Evans D, Nugent Z (1998). The dental caries experience of 12 year-old children 
in the United Kingdom. Surveys coordinated by the British Association for the study of 
community dentistry in 1996/97. Community Dental Health 15:49-54. 
 
Pitts N, Evans D, Nugent Z (2000). The dental caries experience of 14 year-old children 
in the United Kingdom 1998/1999. Surveys coordinated by the British Association for 
the study of community dentistry in 1998/1999. Community Dental Health 17. 

 279



Pitts N, Boyles J, Nugent Z, Thomas N, Pine C (2006). The dental caries experience of 
11 year-old children in Great Britain (2004/2005). Survey coordinated by the British 
Association for the study of community dentistry. Community Dental Health 23:44-57. 
 
Rafeek R, Marchan S, Eder A, Smith W (2006). Tooth surface loss in adult subjects 
attending a university dental clinic in Trinidad. International Dental Journal 56:181-186. 
 
Rao S (2004). The WHO glabal strategy on diet, physical activity and health: revelance 
and implications for India. 
 
Rugg-Gunn A, Hackett A, Appleton D, Jenkins G, Eastoe J (1984). Relationship 
between dietary habits and caries increment assessed over two years in 405 English 
adolescent school children. Archives of Oral Biology 29:983-992. 
 
Rugg-Gunn A, Hackett A, Appleton D, Moynihan P (1986a). The dietary intake of added 
and natural sugars in 405 English adolescents. Human Nutrition: Applied Nutrition 
40:115-124. 
 
Rugg-Gunn A, Lennon M, Brown J (1986b). Sugar consumption in the United Kingdom. 
British Dental Journal 161:359-364. 
 
Rugg-Gunn A, Hackett A (1993). Nutrition and dental health: Oxford University Press, 
Oxford, United Kingdom. 
 
Rugg-Gunn A, Fletcher E, Matthews J, Hackett A, Moynihan P, Kelly S, et al. (2007). 
Changes in consumption of sugars by English adolescents over 20 years. Public Health 
Nutrition 10:354-363. 
 
Saimbi CS, Mehrotra A, Mehrotra K, Kharbanda O (1983). Incidence of dental caries in 
individual teeth. Journal of the Indian Dental Association 55:23-26. 
 
Sampaio F, Hossain A, von der Fehr F, Arneberg P (2000). Dental caries and sugar 
intake of children from rural areas with different water fluoride levels in Paraiba, Brazil. 
Community Dentistry Oral Epidemiology 28:307-313. 
 
Scheutzel P (1996). Etiology of dental erosion-intrinsic factors. European Journal of 
Oral Sciences 104:178-190. 
 
Schroeder P, Filler S, Ramirez B, Lazarchik D, Vaezi M, Richter J (1995). Dental 
erosion and acid reflux disease. Annals of Internal Medicine 122:809-815. 
 
Serra M, Messias D, Turssi C (2009). Control of erosive tooth wear: possibilities and 
rationale. Brazilian Oral Research 23:49-55. 
Shaw L, Smith A (1994). Erosion in children: an increasing clinical problem? Dental 
Update 21:103-106. 
 

 280



Shaw L, Weatherill S, Smith A (1998). Tooth wear in children: an investigation of 
etiological factors in children with cerebral palsy and gastroesophageal reflux. ASDC 
Journal of Dentistry for Children 65:484-486. 
 
Shaw L, Smith A (1999). Dental erosion-the problem and some practical solutions. 
British Dental Journal 186:115-118. 
 
Shaw L, Al-Dlaigan Y, Smith A (2000). Childhood asthma and dental erosion. ASDC 
Journal of Dentistry for Children 67:102. 
 
Sheiham A (1984). Changing trends in dental caries. International Journal of 
Epidemiology 13:142-147. 
 
Sheiham A (2001). Dietary effects on dental dieases. Public Health Nutrition 4:569-591. 
 
Shetty N, Tandon S (1988). Prevalence of dental caries as related to risk factors in 
schoolchildren of South Kanara. Journal of the Indian Society of Pedodontics and 
Preventive Dentistry 6:30-37. 
 
Simonsen R (2002). Pit and fissure sealant: review of the literature. Pediatric Dentistry 
24:393-414. 
 
Simpson A, Shaw L, Smith A (2001). Tooth surface pH during drinking of black tea. 
British Dental Journal 190:374-376. 
 
Singh S, Kaur G, Kapila V (1985). Dental disorders in primary school children of 
Faridkot city. Journal of the Indian Dental Association 57:304. 
 
Sirimaharaj V, Brearley Messer L, Morgan M (2002). Acidic diet and dental erosion 
among athletes. Australian Dental Journal 47:228-236. 
 
Sivasithamparam K, Young W, Jirattanasopa V, Priest J, Khan F, Harbrow D, et al. 
(2002). Dental erosion in asthma: A case-control study from south ease Queensland. 
Australian Dental Journal 47:298-303. 
 
Smith B, Knight J (1984a). An index for measuring the wear of teeth. British Dental 
Journal 156:435-438. 
 
Smith B, Knight J (1984b). A comparison of patterns of tooth wear with aetiological 
factors. British Dental Journal 157:16-19. 
 
Smith A, Shaw L (1987). Baby fruit juices and tooth erosion. British Dental Journal 
162:65-67. 
Smith A, Shaw L (1993). Compparison of rates of clearance of glucose from various 
sites following drinking with a glass, feeder cup and straw. Journal of Medical Sciences 
Research 21:617 - 619. 

 281



Soto-Rojas A, Cury J, Heilman J, Levy S, Li Y, Maguire A, et al. (2004). Development of 
standard fluoride analytical methods: precision and trueness testing. Caries Research 
38:373. 
 
Soto-Rojas A, Cury J, Heilman J, Levy S, Li Y, Maguire A, et al. (2005). Standard 
fluoride analytical methods development: precision/trueness testing for diffusion 
tecniques. Caries Research 39:313. 
 
Sreebny L (1982). Sugar availability, sugar consumption and dental caries. Community 
Dentistry Oral Epidemiology 10:1-7. 
 
Steele J, Walls A (2000). Using partial recording to assess tooth wear in older adults. 
Community Dentistry Oral Epidemiology 28:18 - 25. 
 
Sudha P, Bhasin S, Anegundi R (2005). Prevalence of dental caries among 5-13 year-
old children of Mangalore city. Journal of Indian Society of Pedodontics and Preventive 
Dentistry 23:74-79. 
 
Szoke J, Petersen P (2000). Evidence for dental caries decline among children in an 
East European country (Hungary). Community Dentistry Oral Epidemiology 28:155-160. 
 
Taani Q (1997). Caries prevalence and periodontal treatment needs in public and 
private school pupils in Jordan. International Dental Journal 47:100-104. 
 
Taani Q (2004). Oral health in Jordan. International Dental Journal 54:395-400. 
 
Tagliaferro E, Meneghim M, Ambrosano G, Pereira A, Sales-Peres S, Sales-Peres A, et 
al. (2008). Distribution and prevalence of dental caries in Bauru, Brazil,1976-2006. 
International Dental Journal 58:75-80. 
 
Talebi M (2008). Dental erosion in 12 years-old students in Mashhad (Iran). Shiraz 
University Dental Journal. 
 
Talebi M, Saraf A, Ebrahimi M, Mahmoudi E (2009). Dental erosion and its risk factors 
in 12 year-old school children in Mashhad  Journal of Dentistry 9:13-18. 
 
Teo C, Young W, Daley T, Sauer H (1997). Prior fluoridation in childhood affects dental 
caries and tooth wear in a south east Queensland population. Australian Dental Journal 
42:92-102. 
 
Thylstrup A, Fejerskov O (1978). Clinical appearance of dental fluorosis in permanent 
teeth in relation to histologic changes. Community Dentistry Oral Epidemiology 6:315-
328. 
 
Tomasik M (2006). Analysis of etiological factors involved in noncarious cervical lesions. 
Annales Academiae Medicae Stetinensis 52:125-136. 

 282



Torun B, Davies P, Livingstone M, Paolisso M, Sackett R, Spur G (1996). Energy 
requirements and dietary energy recommendations for children and adolescents 1 to 18 
years old. European Journal of Clinical Nutrition 50:37-81. 
 
Truin GJ, van Rijkom H, Mulder J, van' t Hof M (2004). Dental caries and dental erosion 
among 5 - 6 year old and 11-12 year old school children in the Hague, the Netherlands. 
Changing prevalences? Nederlands Tijdschrift Voor Tandheelkunde 111:74-79. 
 
Truin GJ, van Rijkom H, Mulder J, van't Hof M (2005). Caries trends 1996-2002 among 
6 -12 year-old children and erosive wear prevalence among 12 year-old children in The 
Hague. Caries Research 39:2-8. 
 
van Rijkom H, Truin G, Frencken J, König K (2002). Prevalence, distribution and 
background variables of smooth-bordered tooth wear in teenagers in the Hague, the 
Netherlands. Caries Research 36:147–154. 
 
van Rijkom H, Ruben J, Vieira A, Huysmans M, Truin G, Mulder J (2003). Erosion-
inhibiting effect of sodium fluoride and titanium tetrafluoride treatment in vitro. European 
Journal of Oral Sciences 111:253. 
 
van't Spijker A, Rodriguez J, Kreulen C, Bronkhorst E, Bartlett D, Creugers N (2009). 
Prevalence of tooth wear in adults. International Journal of Prosthodontics 22:35. 
 
von Fraunhofer J, Rogers M (2004). Dissolution of dental enamel in soft drinks. General 
Dentistry 52:308-312. 
 
Walker A, Gregory J, Bradnock G, Nunn J, White D, editors (2000). National Diet and 
Nutrition survey: Young people aged 4 -18 years. Volume 2: Report of the oral health 
survey, pp.292. London: The Stationary Office. 
 
Wang N, Kalletstal C, Petersen P, Arnadottir I (1998). Caries preventive services for 
children and adolescents in Denmark, Iceland, Norway and Sweden: strategies and 
resource allocation. Community Dentistry Oral Epidemiology 26:263-271. 
 
Waterhouse P, Auad S, Nunn J, Steen I, Moynihan P (2008). Diet and dental erosion in 
young people in south-east Brazil. International Journal of Paediatric Dentistry 18:353-
360. 
 
Watt R, Sheiham A (1999). Health policyInequalities in oral health: a review of the 
evidence and recommendations for action. British Dental Journal 187:6-12. 
 
West N, Hughes J, Parker D, Moohan M, Addy M (2003). Development of low erosive 
carbonated fruit drinks 2. Evaluation of an experimental carbonated blackcurrant drink 
compared to a conventional carbonated drink. Journal of Dentistry 31:361-365. 
 

 283



White D, Chadwick B, Nuttall N, Chestnutt I, Steele J (2006). Oral health habits 
amongst children in the United Kingdom in 2003. British Dental Journal 200:487-491. 
 
WHO (1994). Fluorides and oral health, WHO Techical Report Series 846,Geneva. 
 
WHO (1997). Oral Health Surveys: Basic Methods. Geneva, Switzerland: WHO  
 
WHO (2000). Global Data on Dental Caries Prevalence (DMFT) in Children aged 12 
years. Global Oral Data Bank. 
 
WHO (2003). Diet, nutrition and the prevention of chronic diseases. WHO Technical 
Report Series 916. Geneva: World Health Organisation. 
 
WHO/FAO (2003). FAO/WHO launch expert report on diet, nutrition and prevention of 
chronic diseases. 
 
WHO/FDI (1982). Global goals for oral health in the year 2000. International Dental 
Journal 23:74-77. 
 
Wickens J (1999). Tooth surface loss - prevention and maintenance. British Dental 
Journal 186:371-376. 
 
Wiegand A, Muller J, Werner C, Attin T (2006). Prevalence of erosive tooth wear and 
associated risk factors in 2-7-year-old German kindergarten children. Oral Diseases 
12:117-124. 
 
Wilder-Smith C, Lussi A (2006). Dental erosion in children and adolescents: 
gastroenterologic background. Schweizer Monatsschrift fur Zahnmedizin 116:917-927. 
 
Williams D, Croucher R, Marcenes W, O'Farrell M (1999). The prevalence of dental 
erosion in the maxillary incisors of 14-year-old schoolchildren living in Tower Hamlets 
and Hackney, London, UK. International Dental Journal 49:211. 
 
Wrieden W, Longbottom P, Adamson A, Ogston S, Payne A, Haleem M, et al. (2008). 
Estimation of typical food portion sizes for children of different ages in Great Britain. 
British Journal of Nutrition 99:1344-1353. 
 
Yabao R, Duante C, Velandria F, Lucas M, Kassu A, Nakamori M, et al. (2005). 
Prevalence of dental caries and sugar consumption among 6-12-y-old schoolchildren in 
La Trinidad, Benguet, Philippines. European Journal of Clinical Nutrition 59:1429-1438. 
 
Yip K, Smales R, Kaidonis J (2003). The diagnosis and control of extrinsic acid erosion 
of tooth substance. General Dentistry 51:350-353. 
 
Young WG (2001). The oral medicine of tooth wear. Australian Dental Journal 46:236-
250. 

 284



Young L, Nestle M (2002). The contribution of expanding portion sizes to the US obesity 
epidemic. American Journal of Public Health 92:246. 
 
Young WG (2005). Tooth wear: diet analysis and advice. International Dental Journal 
55:68-72. 
 
Young A, Amaechi B, Dugmore C, Holbrook P, Nunn J, Schiffner U, et al. (2008). 
Current erosion indices-flawed or valid? Summary. Clinical Oral Investigations 12:59-63. 
 
Zero DT (1996). Etiology of dental erosion-extrinsic factors. European Journal of Oral 
Sciences 104:162-177. 
 
Zohouri FV, Rugg-Gunn A (1999). Fluoride concentration in foods from Iran. 
International Journal of Food Sciences and Nutrition 50:265-274. 
 
Zohouri FV, Rugg-Gunn A, Fletcher E, Hackett A, Moynihan P, Mathers J, et al. (2004). 
Changes in water intake of Northumbrian adolescents 1980 to 2000. British Dental 
Journal 196:547-552. 
 
 

 285


























































































































































	RD.pdf
	TABLE OF CONTENTS.pdf
	Chapter 1 Introduction.pdf
	Chapter 1  Oral health in Libya  
	1.1 Introduction 
	1.2 Dental health care in Benghazi 
	1.3 Dental caries 
	1.4 Dental trauma and tooth extraction 
	1.5 Exposure to fluorides 
	1.6 Diet  
	1.7 Dental opacities  
	1.8 Oral health practice and periodontal diseases  
	1.9 Dental erosion 
	1.10 Summary 


	Chapter 2 Literature review.pdf
	Chapter 2  Literature review 
	2.1 Introduction 
	2.2 Aetiology and clinical features of dental erosion 
	2.3 Indices for measuring dental erosion 
	2.4 Prevalence studies of dental erosion in children  
	2.5 Dental erosion and the consumption of acidic foods 
	2.6 Dental erosion and saliva 
	2.7 Dental erosion and its association with caries 
	2.8 Dental erosion and general health 
	2.8.1 Dental erosion and gastric acids 
	2.8.2 Dental erosion and eating disorders 
	2.8.3 Dental erosion and medication 
	2.8.4 Dental erosion and asthma 

	2.9 Dental erosion and oral hygiene practices 
	2.10 Prevention and treatment of dental erosion  
	2.11 Summary of the literature review 


	Chapter 3 Aims.pdf
	Chapter 3  Aims, objectives and hypothesis of the study  
	3.1  Main aim 
	3.2 Subsidiary aims  
	3.3 Objectives 
	3.4 Null hypotheses  


	Chapter 4 Methods.pdf
	Chapter 4  Materials and Methods 
	4.1 The study site 
	4.2 The study sample 
	4.2.2 Inclusion and exclusion criteria 
	4.2.3 Gender 

	4.3 Statistical power of the study 
	4.4 The sampling procedure  
	4.5 Planning and preparation at Newcastle University 
	4.6 Data collection 
	4.6.1 Clinical dental data 
	4.6.1.1 Measuring the prevalence and severity of dental erosion 
	4.6.1.2 Measurement of dental caries: 
	4.6.1.3 Calibration of the researcher for the dental examination 

	4.6.2 Questionnaire data 
	4.6.2.1 Questionnaire design  

	4.6.3 Three-day estimated dietary diary  
	4.6.3.1 Design and preparation  
	4.6.3.2 Training in dietary assessment 

	4.6.4 Water fluoride concentration  
	4.6.4.1 Permissions obtained for transportation and analysis of the water samples 
	4.6.4.2 Collection of water samples 
	4.6.4.3 Coding of water samples collected during 3-day food diary 
	4.6.4.4 Storage of all water samples prior to transport to the UK 
	4.6.4.5 Analysis and storage of water samples in the UK 

	4.6.5 Time scale for the study in Benghazi 
	4.6.6 Planning, preparing and training for the study 

	4.7 Planning and preparation in Benghazi, Libya 
	4.7.1 Ethical approval and permissions 
	4.7.1.1 Permission from local authorities and Dental School 
	4.7.1.2 Permission from schools 
	4.7.1.3 Preparatory visits to schools 
	4.7.1.4 Recruitment of children from schools  

	4.7.2 Training an assistant 
	4.7.3 Three-day food diary  
	4.7.4 Study procedure for questionnaire 
	4.7.5 Study procedure for dental examinations 
	4.7.5.1 Intra-oral photography 
	4.7.5.2 Reproducibility of the study 

	4.7.6 Contact with supervisors 
	4.7.7 Preparation of data for transportation to UK 

	4.8 Managing the data in the UK  
	4.9 Statistical analysis 


	Chapter 5 Erosion.pdf
	Chapter 5  The prevalence of dental erosion 
	5.1 Introduction 
	5.2 Aims  
	5.3 Objectives  
	5.4 Null hypothesis  
	5.5 Methods:  
	5.5.1 The study sample 
	5.5.2 The sampling 
	5.5.3 Calibration of the researcher 
	5.5.4 Timetable for the study in Benghazi  
	5.5.5 Ethical approval and permissions from local authorities  
	5.5.6 Training of an assistant 
	5.5.7 Dental examination  
	5.5.8 Reproducibility of the study 
	5.5.9 Intra-oral photography 
	Data handling and statistical analysis 

	5.6 Results 
	5.6.1 The response rate 
	5.6.2 The study sample 
	5.6.3 Reproducibility of the study 
	5.6.5 Description of prevalence and severity of dental erosion 
	5.6.6 Mouth prevalence of dental erosion  
	5.6.7 Mouth prevalence and severity of dental erosion by gender 
	5.6.8 Mouth prevalence and severity of dental erosion by tooth type  
	5.6.8.1 Labial surface of upper incisors by depth 
	5.6.8.2 Palatal surface of upper incisors by depth 
	5.6.8.3 Labial surface of upper incisors by area: 
	5.6.8.4 Palatal surface of upper incisors by area: 
	5.6.8.5 Occlusal surface of first permanent molars by depth 
	5.6.8.6 Occlusal surface of first permanent molars by area: 

	5.6.9 Tooth prevalence of dental erosion  
	5.6.9.1 For all index teeth 
	5.6.9.2 For all index teeth surfaces  
	5.6.9.3 For labial and palatal surfaces of permanent maxillary incisors  
	5.6.9.4 Labial surfaces of maxillary incisors 
	5.6.9.5 Palatal surfaces of maxillary incisors 
	5.6.9.6 Occlusal surfaces of first permanent molars 

	5.6.10 Area x Depth score for dental erosion 
	5.6.10.1 Introduction 
	5.6.10.2 Mouth prevalence and severity of erosion for total Area x Depth scores by gender 

	5.6.11 Mouth prevalence of erosion (scored by Area x Depth) according to tooth type 
	5.6.11.1 Upper incisors  
	5.6.11.2 First permanent molars 


	5.7 Discussion 
	5.7.1 The study sample 
	5.7.2 The aims of the study 
	5.7.3 Limitations of the study  
	5.7.4 Dental examination 
	5.7.5 Mouth prevalence of dental erosion 
	5.7.6 Tooth prevalence of dental erosion  
	5.7.7 Dental erosion and gender 
	5.7.8 Derived score for erosion (Area x Depth) 

	5.8 Conclusions 


	Chapter 6 Caries.pdf
	Chapter 6  The prevalence of dental caries  
	6.1 Introduction 
	6.2 Aims 
	6.3 Objectives 
	6.4 Null hypothesis 
	6.5 Methods 
	6.5.1 Ethical approval and permissions from local authorities  
	6.5.2 The study sample  
	6.5.3 Dental examination  
	6.5.4 Data recording  
	6.5.5 Reproducibility of the study 
	6.5.6 Data entry 

	6.6 Results 
	6.6.1 Reproducibility of the study 
	6.6.2 DMFT and DMFS indices 
	6.6.3 Prevalence of dental caries 
	6.6.4 Prevalence of missing teeth 
	6.6.5 Prevalence of filled teeth 
	6.6.6 Gender and caries prevalence and severity  
	6.6.7 Dental caries and its association with dental erosion 

	6.7 Discussion 
	6.7.1 The study sample 
	6.7.2 The response rate 
	6.7.3 Aims of the study 
	6.7.4 Reproducibility of the study   
	6.7.5 Dental caries experience of the sample 
	6.7.6 Gender differences 
	6.7.7 Comparison the present study with previous studies in Libya 
	6.7.8 Comparison of the present Libyan study with other developing countries 
	6.7.9 Comparison of the present study with developed countries 
	6.7.10 Association between dental caries and erosion 

	6.8 Conclusions 


	Chapter 7 Questionnaire.pdf
	Chapter 7  Dietary risk factors for dental erosion:  a questionnaire survey  
	7.1 Introduction 
	7.2 Aims 
	7.3 Objectives 
	7.4 Null hypotheses 
	7.5 Materials and methods 
	7.5.1 Preparation for questionnaire survey in Newcastle  
	7.5.2 Field work in Benghazi, Libya 
	7.5.3 Post-field work in Benghazi 
	7.5.4 Post-field work in the UK 
	7.5.5 Data-analysis 

	7.6 Results 
	7.6.1 The response rate and age distribution of the sample 
	7.6.2 Types of drinks consumed and frequency of consumption 
	7.6.2.1 Frequency of consumption of acidic-sugared drinks 
	7.6.2.2 Frequency of consumption of acidic sugars-free drinks 
	7.6.2.3 Consumption of non-acidic drinks 
	7.6.2.4 Consumption of tap and bottled water 
	7.6.2.5 Length of time taken to consume acidic drinks 
	7.6.2.6 Habits associated with drink consumption 

	7.6.3 Dietary patterns and habits associated with dental erosion  
	7.6.3.1 Frequency of consumption of acidic foods 
	7.6.3.2 Consumption of sugared and sugar-free gum 

	7.6.4 Medication and health-related questions 
	7.6.5 Oral habits and attitude-related questions  
	7.6.6 Habit of clenching or grinding the teeth 
	7.6.7 Socio-economic status of children’s parents 
	7.6.8 Associations between consumption of acidic drinks  
	7.6.9 Clinically measured dental erosion and questionnaire  
	7.6.9.1 Dental erosion and its association with acidic drinks  
	7.6.9.2 Dental erosion and its association with non-acidic drinks  
	7.6.9.3 Dental erosion and its association with tap and bottled water consumption   
	7.6.9.4 Dental erosion and its association with fruit consumption 
	7.6.9.5 Dental erosion and its association with chewing sugared-gum 
	7.6.9.6 Dental erosion and its association with length of time taken to consume acidic drinks 
	7.6.9.7 Dental erosion and its association with bedtime acidic-drinks consumption  
	7.6.9.8 Dental erosion and its association with tooth brushing after consuming acidic drinks 
	7.6.9.9 Dental erosion and its association with oral hygiene practices 
	7.6.9.10 Dental erosion and its association with parents’ education 

	7.6.10 Dental caries  
	7.6.10.1 Dental caries and its association with frequency of sugared-acidic drinks consumption  
	7.6.10.2 Dental caries and its association with frequency of non-acidic drinks consumption  
	7.6.10.3 Dental caries and its association with the consumption of water 
	7.6.10.4 Dental caries and its association with the habit of having bedtime sugared-acidic drinks 
	7.6.10.5 Dental caries and its association with oral hygiene practices  
	7.6.10.6 Dental caries and its association with parents’ education 


	7.7 Discussion 
	7.7.1  Design and completion of the questionnaire 
	7.7.2 Acidic drinks consumption 
	7.7.3 Consumption of non-acidic drinks 
	7.7.4 Acidic food consumption 
	7.7.5 Chronic medical conditions related to dental erosion 
	7.7.6 Overall oral health habits and attitudes 
	7.7.7  Socio-economic factors  
	7.7.8 Dental erosion and its association with acidic drinks  
	7.7.9 Dental erosion and its association with non-acidic drinks  
	7.7.10 Dental erosion and its association with drinking water  
	7.7.11 Erosion and its association with acidic food consumption 
	7.7.12 Dental erosion and chewing sugared gum 
	7.7.13 Dental erosion and length of time taken to consume the drinks  
	7.7.14 Dental erosion and consumption of bedtime drinks 
	7.7.15 Dental erosion and oral hygiene practice 
	7.7.16 Dental erosion and parental educational level 
	7.7.17 Dental caries and sugared-acidic and non-acidic drinks  
	7.7.18 Dental caries and oral hygiene practice 
	7.7.19 Dental caries and parents’ education 

	7.8 Conclusions 


	Chapter 8 Food diary.pdf
	Chapter 8  Dietary risk factors for dental erosion: data from the three-day food diaries with interview 
	8.1 Introduction 
	8.1.1 Three-day food diary  
	8.1.2 Diet and dental diseases 
	8.1.2.1 Diet and dental caries 
	8.1.2.2 Diet and dental erosion 

	8.1.3 The reasons for the present study 

	8.2 Aims 
	8.3 Objectives 
	8.4 Materials and Methods 
	8.4.1 Pilot study 
	8.4.2 Obtaining the sub-sample 
	8.4.3 Food diaries with interview 
	8.4.4 Water samples 
	8.4.4.1 Permissions  
	8.4.4.2 Collection of water samples 
	8.4.4.3 Storage and analysis of water samples 
	8.4.4.4 Estimations of water consumption 

	8.4.5 Estimation of food portion sizes 
	8.4.6 Coding of data from food diaries 
	8.4.7 Data entry and collation 
	8.4.8 Derived outcome variables from dietary assessment 
	8.4.9 Data analysis 
	8.4.10 Validation of dietary assessment 

	8.5 Results 
	8.5.1 The sub-sample 
	8.5.2 Validation of dietary data  
	8.5.3 The daily energy intake and the macronutrients consumption by the sub-sample study population 
	8.5.4 The consumption of acidic dietary items  
	8.5.5 Gender and consumption of macronutrients  
	8.5.6 Gender and consumption of acidic dietary items 
	8.5.7 Water and fluoride 
	8.5.7.1 Tap water 
	8.5.7.2 Bottled water 
	8.5.7.3 Tap and bottled water 

	8.5.8 Prevalence of dental erosion in the sub-sample 
	8.5.9 Prevalence of dental caries of the sub-sample 
	8.5.10 Erosion and its association with acidic drinks and foods 
	8.5.11 Erosion and its association of drinking water consumption 
	8.5.12 Dental caries and sugared-acidic drinks and foods 
	8.5.13 Caries and its association of drinking water consumption 

	8.6 Discussion 
	8.6.1 The study sample and the aims 
	8.6.2 Limitations of the study 
	8.6.3 Validation of the dietary data 
	8.6.4 Dietary interviews 
	8.6.5 Dietary analysis  
	8.6.6 Dental erosion and its association with acidic drinks 
	8.6.7 Caries and its association with sugared-acidic drinks and foods 
	8.6.8 Water consumption  

	8.7 Conclusions 


	Chapter 9 Multivariate.pdf
	Chapter 9  Multivariate analysis of the association between dental erosion and caries and potential risk factors 
	9.1 Introduction 
	9.2 Aims 
	9.3 Methods 
	9.3.1 Dental erosion-first model (n= 791) 
	9.3.2 Dental erosion-second model (n= 180) 
	9.3.3 Dental caries-first model (n= 791) 
	9.3.4 Dental caries-second model (n= 180) 
	9.3.5 Dental caries-third model (n= 180) 

	9.4 Results 
	9.4.1 Dental erosion-first logistic regression model  
	9.4.1.1 Background to binary logistic regression analysis 

	9.4.2 Dental erosion-second logistic regression model  
	9.4.3 Dental caries-first logistic regression model (n=791) 
	9.4.4 Dental caries-second logistic regression model 
	9.4.5 Dental caries-third logistic regression model  

	9.5 Discussion 
	9.5.1 Risk factors for dental erosion 
	9.5.2 Risk factors for dental caries  

	9.6 Conclusions 


	Chapter 10 Discussion.pdf
	Chapter 10  Overall discussion 
	10.1 Introduction  
	10.2 The prevalence of dental erosion  
	10.3 Dental erosion and gender 
	10.4 Dental erosion and dietary risk factors 
	10.5 Dental erosion and non-dietary risk factors 
	10.6 Dental erosion and dental caries 


	Chapter 11 Conclusions.pdf
	Chapter 11  Conclusions, recommendations and future work 
	11.1 Conclusions with regard to main aim  
	11.2 Conclusions with regard to subsidiary aims  
	11.3 Null hypotheses testing 
	11.4 Recommendations 
	11.5 Further work 


	Ref Thesis  compJ N.pdf
	Appendices.pdf

