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Summary: 

The purpose of this study was to investigate the erosive effect of wine on human permanent teeth. 

A multidimensional research approach utilising epi_demiological investigations, Microhardness 

tests, Scanning Electron Microscopy and Confocal Laser Scanning Electron Microscopy (CLSM) 

were employed. The combination of these three scientific methods enabled the researcher to 

arrive at new concepts about the physical characteristics of the influence wine has on the 

dentition with special reference to enamel. 

A difference in erosion between teeth of wine-makers (and/or wine-tasters) and those who are not 

wine-makers, was clearly demonstrated. It is, however, possible that this difference might 

partially be attributed to the fact that the two main comparative groups were of opposite genders. 

In comparative epidemiological studies the design is constructed to have the groups similar with 

respect to background aetiology and different only to the factor under investigation, in this 

instance the frequent exposure to wine (high frequency and long duration of contact between 

wine and the teeth). In all likelihood the continuous, frequent exposure of wine-makers to wine 

is the major factor in the differences obtained (e.g. tooth surface loss and dentition status) in this 

study. A strong positive relationship was noted between statistically weighted tooth surface loss 

and the chronological age of wine-makers. A similar positive relationship could not be 

demonstrated in the case of years employed in the wine industry and tooth surface loss. 

All the Microhardness tests and microscopic investigations conducted confirmed the deleterious 

influence of wine on enamel. A clear 'dose-response' relationship was demonstrated by means of 

the Microhardness tests. The Scanning Electron Microscope and the Confocal Scanning Laser 

Electron Microscope (CLSM) work both corroborated the effects determined by the 

Microhardness tests. Differences were also demonstrated in the surface morphology of enamel 

with respect to the exposure to the wines investigated in the Scanning Electron Microscope 

(SEM) (three wines) and CLSM (two wines) studies. Differences with respect to severity were 

· well established by means of the SEM investigations. Surface and subsurface lesions were 

observed with the aid of CLSM on the enamel exposed to the two wines. 
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The following recommendations may be useful to minimise the damaging effects of wine on the 

teeth of wine-makers: 

• Do not rinse every sip of wine as this will lengthen the contact period as well as enlarge 

the contact area with your teeth, and will diminish the buffering effect of saliva to a pH 

value which is more damaging. 

• It could also be better to drink through a straw (although not practical) and to decrease 

the frequencies of contact, as was proven for soft drinks. 

• After the consumption of wine it is possible to re-mineralise (repair) damaged enamel by 

drinking milk, eating hard cheese or rinsing with fluoride-containing solutions. 

Immediate brushing of teeth is not recommended. 
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Opsomming: 

Die doel van hierdie studie was om ondersoek in te stel na die effek van wyn op permanente 

tande by mense. 'n Multidimensionele benadering is gevolg waarin epidemiologiese ondersoeke, 

mikro-hardheid toetse, skandering elektronmikroskopie en konfokale laserskandering elektron

mikroskopie gebruik is. Die kombinasie van hierdie drie wetenskaplike metodes stel die navorser 

in staat om nuwe konsepte te vorm ten opsigte van die eienskappe rondom die invloed van wyn 

op tande, met spesiale verwysing na glasuur. 

'n Verskil in die erosie van glasuur tussen die tande van die wynmakers (wynproewers) en nie

wynmakers, is duidelik aangetoon. Dit is egter moontlik dat die verskil gedeeltelik toegeskryf 

kan word aan die feit dat die twee hoofgroepe hoofsaaklik uit teenoorgestelde geslagte bestaan 

het. In vergelykende epidemiologiese studies is die groepe gewoonlik dieselfde met betrekking 

tot agtergrond etiologie en slegs verskillend wat betref die faktor wat ondersoek word; in hierdie 

geval die :frekwensie van blootstelling aan wyn (hoe frekwensie en langdurige kontak van wyn 

met tande ). In alle waarskynlikheid is die aanhoudende blootstelling van wynmakers aan wyn die 

hooffaktor in die verskille (bv. tandoppervlak verlies en tandstatus) in hierdie studie verkry. 'n 

Sterk positiewe verband is gevind tussen die statisties-geweegde tandoppervlakverlies en die 

chronologiese ouderdom van wynmakers. Daar kon egter geen positiewe verband gevind word 

tussen die aantal diensjare in die wynindustrie en tandoppervlakverlies nie. 

Al die mikro-hardheid toetse en mikroskopiese ondersoeke wat ondemeem is, het die nadelige 

invloed van wyn op glasuur bevestig. 'n Duidelike dosis-respons verwantskap is deur middel van 

die Mikro-hardheid toetse gedemonstreer. Die werk gedoen met die Skandeer Elektron

mikroskoop (SEM) en die Konfokale Laser Skandeer Elektronmikroskoop (CLSM) het beide die 

effek deur die Mikro-hardheid toets vasgestel, bevestig. Die SEM (drie wyne) en CLSM (twee 

wyne) ondersoeke het ook verskille in die oppervlak morfologie van glasuur ten opsigte van die 

blootstelling aan die wyne gedemonstreer. In die geval van die SEM is dit met drie wyne 

gedemonstreer, terwyl dit in die geval van CSLM twee wyne was. Daar is wel verskille in graad 

vasgestel deur middel van SEM-ondersoeke. Oppervlak- en benede-oppervlak letsels op glasuur 

wat blootgestel is aan die twee wyne, is waargeneem met behulp van CSLM. 
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Om die skadelike effek van wyn op die tande van wynmakers te verminder, kan die volgende 

aanbevelings oorweeg word: 

• Moenie die mond met elke teug spoel nie aangesien dit die kontakperiode sowel as die 

kontakarea met die tande sal vergroot, wat op sy beurt die buffer-effek van speeksel sal 

verlaag tot 'n pH-vlak wat meer skadelik is. 

• Dit kan moontlik beter wees om 'n strooitjie te gebruik wanneer wyn gedrink word 

(hoewel nie prakties nie ). Dit sal die frekwensie van kontak verminder soos wat by die 

drink van koeldranke bewys is. 

• Dit is moontlik om beskadigde glasuur te herstel na die inname van wyn deur melk te 

drink, harde kaas te eet of die mond te spoel met 'n fluoride-bevattende oplossing. Die 

onmiddellike borsel van tande word nie aanbeveel nie. 
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Tooth surface loss 

Tooth wear index 
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acids. 

A naturally occurring fluorophosphate of calcium 

The number of surfaces on which Tsl of grade 1, 2 or 3 
occurred was added together to provide an unweighted 
composite score. 

Unweighted composite score: A score where Grades 2 and 3 
were added together. 

The number of surfaces on which Tsl of grade 1, 2 or 3 
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The number of surfaces on which Tsl of grade 2 or 3 occurred 
was added together to provide an unweighted composite 
score, but using the tooth as the unit of analysis. 

The number of surfaces on which Tsl of grade 1, 2 or 3 
occurred was added together to provide an unweighted 
composite score, but using the tooth as the unit of analysis. 

The number of surfaces on which Tsl of grade 2 or 3 occurred 
was added together to provide an unweighted composite 
score, but using the tooth as the unit of analysis. 

A weighted composite score of Erosion: 
The more severe instances of Tsl were weighted by means of 
constants, but using the tooth as the unit of analysis. 

A weighted composite score of Erosion: 
The more severe instances of Tsl were weighted by means of 
constants. 

A weighted composite score of Erosion: 
The number of surfaces on which Tsl of grade 1, 2 or 3 
occurred were added together and the more severe instances 
of Tsl were weighted by means of constants, 
but using the tooth as the unit of analysis. 

The variance is not constant for the different classes (usually 
nominal) of classification variables. 

Calcium binding properties 

Scale of Hardness defined by Knoop 
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CHAPTER I 

WINE AND DENTAL EROSION 

1. 1 INTRODUCTION 

Evidence suggests that moderate consumption of alcoholic beverages, in particular red wine, 

carries numerous health and nutritional benefits (Armstrong, Lambrechts, Mansvelt, et al, 

2001). At a level of oral health, however, the relationship between exposure to alcohol and 

dental health status may be different. The Department of Community Dentistry, at the 

University of Stellenbosch, was approached by wine-makers of the Bergkelder, near 

Stellenbosch, Republic of South Africa, regarding their deteriorating oral health status. The 

Bergkelder ("mountain cellar") handles the production, marketing and distribution of quality 

wines of a group of fine estates and also has its own prestigious cellars. 

There have been a few documented case studies on the adverse effect of wine on both dental 

hard and soft tissues (Schuurs, 1987; Ferguson, 1994; Hede, 1996; Chaudhry, Harris & 

Challacombe, 1997; Meurman & Vesterinen, 2000). It has also been reported that professional 

wine tasting could present some degree of increased risk to dental erosion (Mcintyre, 1992; 

Wiktorsson, Zimmerman, Angmar-Manson, 1997). Dental erosion is caused by acidic 

solutions, which come into contact with the teeth. Since the critical pH of the surface of 

dental enamel is approximately 5.5, any solution with a lower pH value, such as alcoholic 

beverages, may cause erosion, particularly if the attack is oflong duration, and repeated over 

time. Saliva and the salivary pellicle counteract the acid attacks, but if the challenge is too 

severe, a nearly total destruction of tooth tissue follows. 

Much more needs to be known about the relationship between oral health status and wine. To 

date, there are no South African studies specifically linking wine-tasting or wine-making with 

oral health status generally, or erosion and tooth surface loss in particular. The challenge 

embodied in these unanswered questions served as a stimulus for the present thesis. As part 

of the background, features of the wine industry in the Western Cape will be highlighted in 

the following section. 
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1.2 BACKGROUND 

The Cape is one of the wine producing areas in the world, ranking eighth in output and 

accounting for 2.5% of global wine production. The industry is of great economic importance 

for South Africa with the value of about RIO billion. The total annual crop produces 700 

million litres of wine. There are approximately 4 500 primary wine-producers and 430 wine

cellars crushing grapes. The industry employs about 42 000 farm workers and cellar hands 

producing 85% of the crop. Industry figures show 300 000 people directly dependent on 

grape farming in the Western Cape (Platter, 2004). The industry, however, is not without 

problems. Alcohol abuse and the effects of the "DOP" system are a pervasive, devastating 

social problem in the Western Cape. The "DOP" system (remuneration by means of wine) 

had its origins in the early years of colonial settlement in the Cape colony when indigenous 

pastoralists and coastal peoples were induced to enter service on settler farms with payment of 

tobacco, bread and wine (Scully, 1992). In the last few decades, the practice of giving farm 

workers wine for service rendered has declined, but the ill effects (alcohol abuse) of the 

system are still prevalent causing physical, psychological and social health problems. These 

include increased rates of tuberculosis, accidents, chronic undemutrition, fetal alcohol 

syndrome, domestic abuse, interpersonal violence and family breakdown (Naude, London, 

Pitt et al, 1997). 

1.2.1 The Cape Winelands 

1.2.1.1 A Historical Perspective: 

The first wine-maker in South Africa was Jan van Riebeeck. He imported the first grapevine 

cuttings, who was responsible for laying out the first vineyards and made the first wine -

albeit in small quantities and of dubious quality. The local farmers soon followed his 

example. Thereafter, wine and the society of the 'free burghers' (employees of the Dutch 

East India Company who had been released from service and given small parcels of land to 

farm) grew up together, gradually gaining independence and an identity of their own. This 

identity became established in the second half of the eighteenth century, when a new and 
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surprising affluence came to the world of the wine-farmers of the Cape. It was then that they 

built their splendid, stately homes, which have become a feature of the Cape winelands. 

1.2.1.2 The wine-making process 

Wine is a product of the land and its people-. It brings together in its complex make-up all the 

qualities of soil and climate, the personalities of the individual, the specific effects of each 

year's contribution of sun and rain, and the creativity of the individual wine-master. Wine is 

produced from grapes, the fruit of the vine. The ripe grape, when crushed, gives the must, 

which by total or partial and normal fermentation turns into wine. During the fermentation 

(see below), first rapid and turbulent, then gradually slowing down, sugar is transformed into 

alcohol and carbonic gas, whilst many elements contained in the grapes remain in the drink. 

Fermentation is the chemical and biochemical reaction upon which wine-making is based. 

Derived from the Latin fervere, to boil, the word describes the process whereby sugar in 

grapes is transformed through the action of yeast into alcohol and gaseous carbon dioxide. 

Although fermentation has been observed since the dawn of history, it was thought to be a 

wholly spontaneous phenomenon until Pasteur showed in 1864 that it was the work ofliving 

organisms - more specifically zymase, the enzyme of naturally occurring yeasts found in the 

waxy "bloom" on the surface of the grape. In most cellars and wineries today the reaction is 

carefully and scientifically controlled. In addition, a further kind of fermentation can occur in 

respect of wines. This is secondary or maleolactic fermentation. Malic acid is a natural acid 

present in most fiuit and vegetable. By the action of bacteria the malic acid, which is 

contained in the wine, is converted into the milder lactic acid with the release of carbon 

dioxide gas. The various phases of activity in the production of wine include viticulture, 

wine-making, storage and bottling. These activities are elaborated upon below. 

Viticulture. Traditional viticulture involves much manual labour. After the shoots are 

planted they must be grafted after 1-3 years. Every year the vines must be dug over and 

earthed up, fertilized, subdivided and thinned out. From twice to as much as twenty times a 

year they must be cleared of parasites by spraying with sulphur, copper sulphate or other 

products. The risks of this phase are those of agriculture in general, namely, mechanical risks, 

risks of skin contact with the earth and the products used and the inhalation of dust and other 
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particles in the spraying of sulphate - sulphur, quicklime and pesticides. Affectations of the 

skin, mouth, eyes and respiratory system are the most frequent. 

Wine-making. This involves a variety of activities, which are carried out by a variety of 

methods ranging from traditional farm- production to modem industrial production. 

Nowadays modem techniques allow a more uniform type of wine and reduce the risk of 

spoilage, and especially the acidification, which transforms the wine into vinegar. After the 

grapes are crushed and pressed it is transferred to the fermentation vessels. On completion of 

· the fermentation it is stored in tanks. 

Jn these operations, there may be exposure to vapours and gases released during the various 

stages of the process, particularly during the use of disinfectants and other products intended 

to guarantee the hygienic condition and quality of the wine. It is also at this stage that the 

wine-makers begin their regular tasting of the first (base) wines. Other harmful substances 

that are used in wine-making include sulphur dioxide, tannins, potassium-bitartrate, ascorbic 

acid and proteolytic enzymes (Durao, 1997). 

1.2.2 Wine and Health 

Is it possible that wine may indeed be one of the world ' s oldest medicines? Until the 18th 

century, wine played an integral role in medical practice. Not only was it safer to drink than 

most available water but its alcohol, antioxidant and acid content inhibited the growth of 

many spoilage and pathogenic organisms. The paradigm shifted in the second half of the 20th 

century, when alcohol consumption, including wine drinking had become the target of health 

campaigners who, with some success, demanded warning labels on wine bottles. On the other 

hand, substantial medical evidence, accumulated during the 1990's, indicated that the 

moderate consumption of especially red wine could reduce the incidence of coronary heart 

disease (Armstrong, Lambrechts, Mansvelt, et al, 2001 ). Today, it is perceived, and generally 

accepted, that moderate wine drinking can be socially beneficial, and can also be effective in 

the management of stress and reducing coronary heart disease. The prudent wine-drinkers 

however, continue to monitor their drinking habits so as to ensure that the benefits exceed the 

risks. 
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The renewed interest in wine consumption has been spurred on by the dietary anomaly 

commonly referred to as the 'French paradox'. This phenomenon refers to an association 

between a high fat diet and a lower incidence of coronary heart disease (CHD) found in 

Mediterranean countries, which contrasts· with a higher incidence of CHD among most 

Western cultures (Formica & Regelson, 1995). The French eat 30% more fat, smoke more 

and exercise less than Americans and yet have fewer heart attacks (Renaud & de Lorgeril, 

1992; Holmgren, 1993). An American male has three times the chance of dying from a heart 

attack compared to a Frenchman of the same age (Blevins & Morris, 1997). A significant 

difference in the two cultures is the amount of wine that is consumed. The average annual per 

capita consumption of wine in France is 5 8 .1 litres, whereas the Americans imbibe a meagre 

7.42 litres. 

The increased benefits that red wine presents (or contains) over white wine arise from the 

process used to produce them. During red wine vinification, the grape must is fermented with 

the grape skin. As the yeast converts the grape sugars to ethanol and carbon dioxide, the 

fermentation temperature and alcohol content increase. This raises the solubility of the 

various compounds found in the grape skin, in particular phenolic acids, athocyanins, tannins 

and resveratrol among others, and they are released into the wine. During white wine 

vinification the grape juice is first separated from the skins in most cases before it is 

fermented, in order to obtain a clear wine that is low in tannins and other phenolics 

(Armstrong, Lambrechts, Mansvelt, et al, 2001 ). 

There is experimental evidence to indicate that wine-derived compounds improve vascular 

function and interfere with haemostatic and oxidative mechanisms involved in the initiation of 

progression of vascular damage. While alcohol has its benefits, the mechanisms through 

which wine might exert its anti-atherogenic and antihrombotic effects appear to be distinct 

from those of alcohol. This is attributable to the biological properties of red wine's 

polyphenolic constituents, and most notably its antioxidant and radical scavenging ability. 

This notion has received strong support from both epidemiological (Gronbaek, Sorensen & 

Becker, 1995) and experimental studies in man (Seigneur, Bonnet & Dorian, 1990) and 

laboratory animals (Klurfeld & Kritchevsky, 1981 ). Observations that phenolic acids are 

absorbed from the gastrointestinal tract and are measurable in plasma and urine offer further 

5 

Stellenbosch University  https://scholar.sun.ac.za



support (Stockley, 2000). It would be unwise to isolate any singly compound, or group of 

compounds, as the only health-providing substance in red wine, but rather emphasize the 

synergistic action of a variety of the compounds known to be present. A preliminary study in 

South Africa shows a definite trend towards the increase in in vivo anti-oxidant activity 

(Mansveldt, Van Velden & Fourie, 2000), however, is unlikely to deter the discerning wine 

connoisseur from enjoying a good bottle of red wine. 

1.3 DENTAL EROSION AND WINE-MAKING 

There are as yet, unrecognised problems associated with wine-making. These are 

occupational hazards wine-makers, professional wine-tasters, farm workers and cellar hands 

~r~ exposed to - this is erosion of their teeth due to the fact that their dentition is repeatedly 

exposed to an acidic solution during tastings (wine-makers and -tasters) and due to the mists 

created by the insecticide fertilizer sprays (farm workers). However, scientific evidence in 

this regard is limited and there have been few publications in South Africa on dental erosion 

and wine-making. A few case reports from abroad have been published (Schuurs, 1987; 

Ferguson, 1994; Hede, 1996; Chaudhry, Harris & Challacombe, 1997). More recent studies 

measured the influence of wine on the microhardness of human enamel (Lupi-Pegurier, 

Muller, Leforestier, et al, 2003). One of the most recent reports is Chikte, Grob I er & Kotze 

(2003). An in vitro model of wine erosion was also developed (Mok, Mcintyre & Hunt, 

2001). 

There are two kinds of organic acid which occur in wine. The first of these are the fruit acids 

or fixed acids. These are present in both the grape and in the wine and are indispensable to 

high quality wines. The principal acids of this type are tartaric acid and malic acid. Their

ratio varies depending on the grape varieties, the soil type, and the type of weather during 

growth and when the grapes are harvested (Hughes, Hands & Kench, 1992). These acids play 

an essential role in the maturation of the wine; better wines tend to be higher in acid content,

and take a longer time to mature. 

During the process of wine-making, base wines of varying acidity are regularly (usually daily) 

tasted by the wine-makers throughout production. In South African wines, the initial pH of 
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these base wines varies from 3 .5 - 4. 0 for red wines, 3 .2-3 .5 for white wines and 2.9-3 .1 for 

sparkling wines (Mike Dubrovic, Mulderbosch wine-maker's - personal communication, May 

1997). In addition, the sugar content of the wines varies between 180-400 g/L. In general, 

wine-makers are exposed to 12-60 tastings per day, according to the season. Tastings involve 

swilling (rolled around the tongue so that it reacbes the sides and base of the tongue) of the 

wine around the mouth for approximately 15 seconds at a time and spitting it out. 

Consequently a wine-maker's dentition is repeatedly exposed to an acidic solution - an ideal 

situation for erosion to occur. Demineralisation of enamel commences at two critical points 

which is at about pH 6.2 and then the main critical point at about pH 5.6 (Grobler, Jenkins & 

Kotze, 1985; Gedalia, Dakuar, Shapiraeta/, 1991). 

Whatever the cause of erosion, the gross pathology encompasses superficial demineralisation 

of dental hard tissues, primarily by dissolution of the apatite crystals. This may lead to severe 

or total destruction of the teeth, depending on the strength in terms oflow pH, low calcium, 

phosphorus, and chelating properties, and frequency of the erosive attacks (Grobler, Jenkins 

& Kotze, 1985; Grobler, Senekal & Kotze, 1989). 

With the problem of dental erosion in the wine-making industry being hitherto unrecognised, 

there have been no studies on protective strategies for this particular population. There is a 

need to determine the erosive potential of wine on human teeth and for epidemiological data 

to record the extent of dental erosion in the wine-making industry. It is with this premise that 

the present study has been developed. 

The aim of the study is to investigate the effect of wine on human permanent teeth. It is a 

study in two parts, an epidemiological and laboratory study. The epidemiological component 

assesses dental erosion in wine-makers to determine the prevalence, severity and pattern of 

dental erosion in wine-makers. The laboratory investigation, an in vitro study, investigates 

the erosive potential of wine on permanent teeth. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 RELEVANCE TO DENTISTRY 

2.1.1 Dental Erosion - Background 

Dental erosion is defined as being 'the loss of enamel and dentine resulting from chemical 

processes that do not involve bacteria' (Pindborg, 1970). Erosion is generally considered a result 

of an under-saturation of both hydroxyl- and fluorapatite under conditions of low pH and the 

surface of the tooth is removed layer by layer (Larsen & Bruun, 1994; Meurman & Ten Cate, 

1996; Ten Cate & Imfeld, 1996). This can be compared to dental caries, which is the result of 

chemical dissolution of the dental hard tissue, caused by acids produced by oral micro organisms, 

resulting in both surface and subsurface lesions. 

2.1.2 Clinical Appearance 

Erosion of tooth tissue can have catastrophic consequences for oral health. Tissue loss can result 

in sensitivity or pain, as well as poor appearance (Jarvinen, Rytomaa & Heinonen, 1991). As the 

loss of enamel and dentine becomes more severe, the teeth become disfigured, lose their original 

shape and size, which can lead to the loss of affected teeth (Editorial: Lancet, 1980). Many 

patients with dental erosion do not report deterioration in appearance until there has been 

sufficient loss of tooth tissue, particularly on the palatal surfaces of maxillary incisors, which 

tends to fracture at the thinned incisal edges. 
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The clinical appearance of erosion, in its early stages, is easy to overlook, bearing in mind that 

there will be no discoloration of the tooth or any stickiness during probing of the lesion and 

perhaps only limited or no symptoms. In the late stage of dental erosion, however, the clinical 

appearance is more obvious. Whenever the morphology of the tooth surface has changed, 

without having been influenced by a mechanical force or dental caries, one should consider the 

possibility of dental erosion. The surface appearance of erosion can be shiny or matt, and may be 

irregular, but is often rounded or flat, as if "melted". Small concavities can sometimes be seen on 

the surface of the tooth. In advanced cases, shoulders could be present cervically. Approximal 

surfaces are seldom involved in erosive lesions. Cuppings, a "peephole" in the enamel, often at a 

molar cusp tip, are a common clinical feature of an erosive lesion. In addition, formation of 

clinically detectable protective secondary dentine or direct pulpal involvement may occur. The 

pulp may be seen through the tooth substance, especially on deciduous teeth, when the erosive 

process is rapidly progressing. The erosive process may cause sensitivity and various degrees of 

other endodontic symptoms, besides the obvious loss of tooth substance resulting in aesthetic 

and/or functional problems. 

Restoration of lost enamel and/or dentine can be a difficult and expensive process requiring 

intensive maintenance care as well as continual monitoring. In the longer term, clinicians may 

observe sequelae such as temporomandibular joint dysfunction (Costen, 1934); dentoalveolar 

compensation (Crothers & Sandham, 1993) and ab:fraction or stress corrosion (Grippo & Simring, 

1995). 

2.1.3 Definitions 

Tooth surface loss that is not due to caries, trauma or operative procedures is described as erosion 

(loss of tooth structure by a chemical process other than bacteria), attrition (loss of wear resulting 

from tooth to tooth contact) or abrasion (loss of tooth substance due to wear by extraneous 

objects). Abfraction refers to the loss of hard tissue, from eccentric occlusal loads leading to 
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compressive and tensile stresses at the cervical fulcrum areas of the teeth, which 

produces defects at the cement-enamel junction (Imfeld, 1996) These processes can occur 

independently or in combination and Eccles-(1982), suggested the use of the term 'tooth surface 

loss" to describe these lesions. 

It is important to remember that dental erosion is the net result of a collective number of erosive 

challenges, their erosive potentials and working mechanisms and the individual's total defence 

system against the attacks; and, furthermore, that the progression of the erosive lesion depends on 

these complex interrelationships. Other types of wear, apart from erosion, include attrition, 

which by definition implies wear from "tooth-to-tooth contacts" (e.g. bruxism), and abrasion, 

which is defined as wear from "foreign body influence" (e.g. tooth brushing). There is a belief 

among some researchers that erosion may be the main contributory factor in severe tooth wear 

and that attrition and abrasion (Smith & Knight, l 984a; Johansson & Omar, 1994; Smith & 

Robb, 1996; Smith, Bartlett & Robb, 1997) are of less importance. Tooth wear, including dental 

erosion, has a multifactorial etiology and is also frequently the result of more than a single wear

producing mechanism (Carlsson & Ingervall, 1988). Consequently, the clinical detection of the 

early signs of erosive wear is difficult, due to the likely concurrent processes of abrasion, erosion 

and attrition, which are, or may have been, responsible for the observed condition. 

In regard to the multifactorial etiology of tooth wear, Miller indicated that enamel "disintegrated 

by an acid, becomes thereby much more susceptible to wearing by mechanical agents" (Miller, 

1907). Almost 70 years later, Miller's findings were supported by Schweizer-Hirt, Schait, 

Schmid, et al (1978), who showed that indentations made in enamel which had been softened in 

orange juice wore away much faster than indentations made in normal enamel. These findings on 

the interrelationships between abrasion and erosion may likely also apply to attrition. 
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2.1.4 Erosion versus Dental Caries 

Although the final phase of the destructive ·pathology in erosion and caries is similar, namely 

dissolution of apatite crystals, these two pathologies rarely occur simultaneously. Caries occurs 

on plaque-covered sites whereas erosion occurs on plaque-free sites. The concentration of acids 

that comes into contact with the dental tissues is far greater in erosion than in caries. In erosion, 

the teeth are practically rinsed with acids, while caries is the disease of a site where acids are 

formed by plaque micro-organisms. Depending on the strength and frequency of erosive 

challenges, few plaque micro-organisms can tolerate the low pH. As shown later, many acidic 

foodstuffs and drinks have pH values below 3, and the pH of gastric contents may be below 1. 

Cariogenic mutans streptococci cease to metabolise at pH values below 4.2 (Stafne & Lovestedt, 

1947). This explains why erosion and caries are usually not seen on the same tooth surfaces. In 

many erosion patients the whole dentition may otherwise be sound, further emphasizing the 

insidious nature of erosion (Tuominen, Tuominen, Fubusa, et al, 1991 ). Erosive lesions are often 

seen in patients who are very conscious of their general health and well being, an example being 

the lacto-vegetarians (Lussi, Schaffner, Hotz, et al, 1991). It should also be stressed that erosion 

is primarily a surface phenomenon while caries begins as subsurface demineralisation of enamel 

structure. 

2.1.5 Epidemiology of Dental Erosion 

There are some reports of epidemiological data on dental erosion in the literature (see below), 

and these reports are often limited to selected material or case reports. Several indices have been 

used for grading erosion and recording criteria have differed. Recordings of erosion on cervical, 

bucco-palatal, or inciso-occlusal aspects or combinations thereof have been variously applied. In 

addition, selection criteria, sampling technique and age composition have varied. The 

prevalences obtained from different studies are therefore very difficult to compare. 
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Robb, Cruwys & Smith (1991 ), published an article on material comprising 151 British pre

Conquest skulls using a tooth wear index (TWI) first described by Smith & Knight (1984b ), and 

designed to record levels of tooth wear regardless of etiology. Four surfaces were assessed on 

each tooth: buccal; lingual; incisal or occlusal; and cervical. When using this index, certain 

criteria have to be followed in order to record erosion. For example, contact between the 

opposing teeth had not to be very likely, and/or wear in one jaw should be more severe than in 

the other jaw. The index accepts a certain degree of wear, which it considers as "normal". The 

skull material showed more wear occlusally than contemporary controls did and it was concluded 

that 20% of the skulls showed wear of possible erosive origin. Sognnaes, Wolcott & Xhonga 

(1972), reported on a study comprising 10,000 extracted teeth from southern California of which 

about 18%, most commonly incisor teeth, were affected with erosive lesions. 

In an early clinical study from 1949, 38 individuals with erosion were compared to a healthy 

group of 83 controls (Zipkin & McClure, 1949) .. The erosion was evaluated as none, mild, 

severe or designated and between 21% and 27% of the controls showed some degree of erosion. 

The most common site for erosion was found to be at the buccal gingival third of the maxillary 

incisors. In a another study of 1345 American male college freshmen aged 30 years or below, 

about 2% had gross evidence of erosion (Pindborg, 1970). Xhonga & Valdmanis (1983), 

performed an epidemiological study in 1972 comprising 500 patients, aged 14-88 years, seeking 

routine dental care at the Universities of Boston and Los Angeles. Erosion defects were 

measured with an explorer on all teeth and recorded according to a 4-grade scale: no erosion, 

mild erosion (up to 2 mm loss of tooth substance), moderate erosion (up to 3 mm loss of tooth 

substance) and severe erosion (more than 3 mm loss of tooth substance); the shape of the defect 

was also recorded. The prevalence of erosion reported was about 25% of all the teeth examined. 

In Finland, Jarvinen, Rytomaa & Heinonen (1991 ), reported on a study of 106 patients referred 

for dental erosion. They used a control group consisting of 100 individuals in the age range 17-

83 years. An index described by Eccles & Jenkins (197 4) was used for grading erosion, and the 

prevalence among the controls was found to be 5%. In the same year, Lussi (Lussi, Schaflher & 

Hotz, 1991) published the results of an epidemiological study of erosion in Switzerland using a 
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modified Linkosalo & Markkanen (Linkosalo & Markkanen, 1985) index. The material 

comprised 197 patients aged 26-30 years and 194 patients aged 46-50 years; the prevalence of 

buccal dental erosion in the two groups were 8% and 13%, respectively, the criteria being at least 

one tooth having erosion into the dentine. Occlusally, the prevalence of erosion into dentine was 

found to be 30% and 43%, and lingually 4 and 6%, respectively. 

In 1993, a national survey of the dental health of children in the United Kingdom was conducted. 

For the first time in a survey of this type, erosion was assessed, and 76 specially trained dentists 

performed the examinations. A version of TWI (Smith & Knight, 1984), modified for erosion 

purposes, was used, assessing only the buccal and palatal surfaces in both primary and permanent 

maxillary incisors. More than 2000 children aged 5-15 years were examined. Twenty four 

percent of the 5-year olds showed palatal erosion .on the maxillary incisors, extending into the 

dentine or pulp. Among the 13-15 year-old group, 30% showed erosion in enamel and 2% into 

dentine (Downer, 1995). The recording of erosion showed a great intra-observer variation, with 

the conclusion drawn that while these figures may not be completely accurate, they do give a 

good indication of the prevalence of tooth/dental erosion in children. 

In 1994, Millward, Shaw & Smith, published another study of prevalence of tooth/dental erosion 

in children in the United Kingdom. The material included 178 children aged 4-5 years and a 

modification of the previously mentioned TWI (Smith & Knight, l 984b) was used. The results 

showed that 30% of the children exhibited erosion into the dentine on the palatal surfaces of 

maxillary primary incisors. In another study using the modified TWI (Smith & Knight, l 984b ), 

approximately 30% of 3 year-old children from East Cumbria, United Kingdom, had palatal 

erosion on at least one maxillary anterior tooth (Jones & Nunn, 1995). 

In a recent study, Moynihan & Holt (1996), reported on erosion as part of "The national diet and 

nutrition survey of 1.5 to 4.5 year-old children" in the United Kingdom. Severe dental erosion 

into dentine or pulp of the palatal surfaces was found in 8% of the 1658 children examined, while 

a similar degree of erosion on the buccal surfaces was found in 2% of the children. The authors 

13 

Stellenbosch University  https://scholar.sun.ac.za



pointed out that dental erosion in young children is difficult to diagnose, and has to be considered 

when evaluating the results of this study. 

The prevalence of tooth wear in 1007 dental patients in the South East of England was examined 

using TWI. In the group aged 15 -26 years 6% of the tooth surfaces showed what the authors 

called an "unacceptable degree of wear", while in the 56-65 year-old group and those aged over 

65 years, such a level of wear was noted in 8% and 9%, respectively. The authors considered 

erosion to be the main component in the etiology of dental wear (Smith & Robb, 1996). From 

these epidemiological studies on dental erosion it can be concluded that the prevalence rates in 

children and in adults varies considerably and is very difficult to compare due to different criteria 

and study designs employed. 

2.1.6 Etiology 

Dental erosion is termed extrinsic, intrinsic or idiopathic, implying that according to anamnesis 

(case history taking) the acids producing tooth destruction may be of exogenous, endogenous or 

unknown origin (Imfeld, 1996). Extrinsic erosion is the result of exogenous acids. These can be 

airborne acidic contaminates of the working environment (Lynch & Bell, 1947; Malcolm & Paul, 

1961 ; Ten Bruggen, 1968; Tuominen, Tuominen, Fubusa, et al, 1991 ; Chikte, Josie-Perez & 

Cohen, 1998) or acidic water of swimming pools, a side effect of chlorination (Centrewall, 

Armstrong, Funkhouser, et al, 1986; Filler & Lazarchik, 1994). Dietary acids, however, 

undoubtedly are the principal causative factors for extrinsic tooth erosion (Eccles & Jenkins, 

1974; Davis & Winter, 1977; Grobler, Senekal & Kotze, 1989; Jarvinen, Rytomaa & Heinonen, 

1991). 

The most frequently consumed erosive acids are fruit acids and phosphoric acid contained in 

fresh fruits, fruit juices and soft drinks (Miller, 1951; Imfeld, 1983; Lussi, faggi & Scharer, 1993 ; 

Grobler, Senekal & Laubscher 1990). More recently ascorbic acid (vitamin C) contained in all 

sorts of drinks, sports drinks and candies has been identified as a significant cause of extrinsic 
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erosion (Giunta, 1983; Birkhed, 1984; Meurman & Murtomaa, 1986; Passon & Jones, 1986; 

Rytomaa, Meurman, Koskinen, et al, 1988; Sorvari, Kiviranta & Luoma, 1988; Sorvari & 

Rytomaa, 1991). 

Apart from the known dietary etiology (Linkosalo & Markkanen, 1985; Sorvari & Rytomaa, 

1991; Millward, Shaw, Smith, 1994), salivary factors (Mannerberg, 1963; Meurman & Frank, 

199lb), occupational environment (Ten Bruggen, 1968; Tuominen & Tuominen, 1991, 

Tuominen ML, Tuominen R J , Fubusa, et al, 1991; Chaudhry, Harris & Challacombe, 1997; 

Gray, Ferguson & Wall, 1998; Chikte, Josie-Perez & Cohen, 1998) e.g. wine-making (Fergusson, 

Dunbar, Smith, et al, 1996; Chaudhry, Harris & Challacombe, 1997; Gray, Ferguson & Wall, 

1998), systemic diseases (Finch 1957; Xhonga & Van Herle, 1973) have been associated with 

erosion. Eating disorders (Hurst, Lacey & Crisp, 1977; Hellstrom, 1977; Gilmour & Beckett, 

1993; Bishop & Deans, 1996; Hazelton & Faine, 1996; Rytomaa, Meurman, Koskinen, et al, 

1998), gastrointestinal disturbances (Jarvinen, Meurman, Hyvarinen, et al, 1988; Meurman , 

Toskala, Nuutinen, et al, 1994; Gudmundsson, Kristleifsson, Theodors, et al, 1995; Bartlett, 

Evans, Anggiansah, et al, 1996), anorexia nervosa (Jones and Cleaton-Jones, 1989); alcoholism 

(Smith & Robb, 1989; Robb & Smith, 1990; Hede, 1996) and medication (James & Parfitt, 1953; 

Giunta, 1983; Sullivan & Kramer, 1983; Meurman & Murtomaa, 1986; Passon & Jones, 1986; 

Linkosalo, Markkanen, Alakuijala, et al, 1988; Graehn, 1991; Maron, 1996; Zero, 1996) are also 

associated with erosion. Type of toothpaste (Schweizer-Hirt, Schiat, Schmid et al, 1978; Graehn, 

1991 ), oral hygiene habits (Rytomaa, Meurman, Koskinen, et al, 1988) and cocaine abuse 

(Kapila & Kashani, 1997), have also been reported to cause erosion. 

Buccal cervical defects have traditionally been explained as manifestations of a combination of 

toothbrush abrasion and/or erosion. In this regard, Xhonga & Sognnaes, (1973) implied "that 

physical frictional forces rather than purely chemical ones, are of special significance in the 

origin of dental erosion and buccal cervical defects". On the other hand, Tronstad (Tronstad, 

1973) suggested, following Scanning Electron Microscopy (SEM) examination of attrited 

dentine, that these defects are unlikely to have been related to attrition, but by an erosive or 

caries-like process instead. Another explanation for these defects invokes the influence of tensile 
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forces and/or tooth flexure and the term "stress induced cervical lesions" (SICL) has been 

introduced. Most likely, buccal cervical defects are caused by a combination of etiological 

factors within a multifactorial model of which erosion is one factor, as has been suggested for 

other types of tooth wear (Levitch, Bader & Shugars, et al, 1992; Johansson & Omar, 1994). 

The cause of erosive defects may be an important factor in diagnosis: different areas of the 

dentition may be affected depending on whether the etiology is of intrinsic or extrinsic origin 

(Ten Bruggen, 1968; Eccles & Jenkins, 1974; Hellstrom, 1977; Eccles, 1979; Scheutzel, 1996; 

Nunn, 1996; Ten Cate & Imfeld, 1996; Zero, 1996). It has been thought that a gastric cause may 

affect mainly the palatal surfaces of upper anterior teeth, while an acidic diet may affect the teeth 

more randomly. The findings of a study by Jarvinen, Rytomaa & Meurman (1992) indicated that 

the cause of the erosion could not be exclusively and definitively identified by virtue of its 

location. 

2.1. 7 Product-related Erosive Properties of Beverages 

An important aspect of beverages is their potential to induce dental erosion (Miller, 1907; Stafne 

& Lovestedt, 1947; Hicks, 1950; Miller, 1951; Stephan, 1966; Eccles & Jenkins, 1974; Eccles, 

1982; Linkosalo & Markkanen, 1985; Linkosalo, 1988; Grobler, Senekal & Kotze, 1989; 

Meurman, Harkonen, Naveri, et al, 1990; Lussi, Schaffner, Hotz, et al, 1992). Fruit juices are 

common causes of dental erosion (Linkosalo & Markkanen, 1985; Grobler, Senekal & Kotze, 

1989) and their acid quantity is greater than that found in soft drinks (Birkhed, 1984). It has 

therefore been implied that fruit juices may be more erosive than soft drinks having a low pH 

(Grobler, Jenkins & Kotze, 1985). Laboratory studies have shown that fruit juices, e.g. citrus 

juice, may be potentially more erosive than cola-type beverages (Addy, Absi & Adams, 1987; 

Grenby, Phillips, Desai, et al, 1989). 

Citric and phosphoric acids are commonly used to balance the sweetness of soft drinks. Malic 

acid is also sometimes used. The erosive effects of citric and malic acids on bovine enamel in 
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vitro were examined and it was found that, for both acids, erosive effects started at about pH 5.0 

and increased with decreasing pH. They had about the same potential to release calcium from the 

tooth below pH 4, but above this pH, citric acid was found to be substantially more erosive 

(Meurman, Harkonen, Naveri, et al, 1990). Phosphoric acid has been shown to be less erosive 

than citric acid in some studies (Miller, 1951; Holloway, Melanby & Stewart, 1985) but not in 

others (McCay & Will, 1949; Stephan, 1966; Reussner, Coccodrilli & Thiessen, 1975). In an in 

vitro study, malic acid was initially less erosive than citric and phosphoric acids but after 15-30 

minutes of exposure they had about the same erosive potential (Meurman & Frank, 199la). The 

amounts of calcium released from enamel blocks immersed in test solutions of Pepsi-Cola® and 

orange juice were found to be the same, while in apple juice it was less (Rytomaa, Meurman, 

Koskinen, et al, 1988). 

While the low pH of cola and similar drinks, due to their acidic content (Lussi, faggi & Scharer, 

1993), is one factor responsible for erosion, their sugar content is also of importance (Zickert, 

1988). In this regard, a high sugar concentration in the presence of a low pH may increase the 

osmotic potential of the drink, and thus increase the erosive effect on the tooth structure (Grobler, 

Jenkins & Kotze, 1985; Rytomaa, Meurman, Koskinen, et al, 1988; Grobler, Senekal & 

Laubscher, 1990). The total mean sugar concentration in fruit juices, fruit drinks and carbonated 

beverages, corresponds to about 10% by weight (Birkhed, 1984). Diet type beverages do not 

contain refined sugar but their pH is nevertheless low and the potential to induce dental erosion 

therefore remains, but is of less strength than the regular type of drinks (Grobler, Senekal & 

Laubscher, 1990). 

The erosive capacity of a drink has been found in vitro to be statistically significantly associated 

with its fluoride content (Lussi, Jaggi & Scharer, 1993). In a recent study, children were given 

orange drinks daily for five days per week for 1.5 years: one group received a supplement of 1 

mg fluoride in the form of NaF to the drink and the other did not. Exfoliated teeth were 

examined by SEM, which showed that the children receiving the fluoridated orange drink had 

less erosion than the children receiving the non-supplemented drink. The authors stated that the 

presence of fluoride may have increased the remineralisation of the eroded surface (Stabholz, 
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Raistein, Markitziu, et al, 1983 ). S irnilarly, the addition of fluoride to a sport drink produced a 

lesser degree of erosion in rats (Sorvari, Kiviranta & Luoma, 1988). It has also been shown in a 

study that fluoride exposure during the first twelve years of life may decrease the risk of 

development of tooth wear (Teo, Young, Daley, & Sauer, 1997) quite apart from that of caries. 

Consequently, the fluoride content in the water used for production of soft drinks must be 

considered in regard to the potential of the drink to induce dental erosion and caries. 

The phosphate content of drinks has been shown to be statistically significantly associated with 

its erosive capacity (Lussi, Jaggi & Jaggi-Scharer, 1993). Low-pH, powdered beverage-mixes 

containing monocalciumphosphate have been shown to prevent molar erosion in rats more 

effectively than those containing sodium phosphate, although sodium (Reussner, Coccodrilli & 

Thiessen, 1975) phosphate was shown to be anti-erosive in the presence of fluoride. In one study 

it was found that the calcium content of the drinks tested does not affect their erosive potential 

while the opposite result was found in another study (Leach, Lee & Edgar, 1989). It has been 

reported that the demineralisation of hydroxylapatite in vitro of citric acid, as measured by both 

phosphate and calcium ion dissolution, is at its minimum at pH 3.2-3 .3: raising or lowering the 

pH in relation to this range increases the release of both ions (Grenby, Phillips, Desai, et al, 

1989). 

Coca-Cola®, which was introduced at the tum of the previous century, and its rival brand Pepsi

Cola®, both enjoy a high popularity among the lay public. When Coca-Cola® was introduced in 

Sweden in 1953, the Swedish National Board of Health and Welfare presented certain 

reservations and recommended that Coca-Cola® not be approved. The reason for the Board's 

recommendation was that the caffeine content in Coca-Cola® was considered intolerably high, in 

view of the expectations that the majority of consumers would be young individuals 

(Halsoframjandet, 1985). 

McCay & Will (1949) performed one of the early dental experiments with cola in 1949 and 

reported on the dramatic demineralisation that took place in teeth immersed in a cola- containing 

solution. The constituent responsible for this "erosive" effect was held to be orthophosphoric 
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acid. The exact composition and the precise ingredients of Coca-Cola® are closely guarded 

secrets by the manufacturer. Nevertheless, analysis has shown that the total sugar content is 

around 9.7% by weight, comprising sucrose (6.8%), fructose (1.5%) and glucose (1.4%). The pH 

of Coca-Cola® has been found to be 3 .180, but this may vary a little in line with the 

manufacturer's adjustment to local "tastes". A similar pH is found in fruit- and sport-drinks, and 

is substantially lower, compared with fruit juices which have a mean pH of 3 .680 (Grabler, 

Senekal & Kotze 1989; Grenby, Phillips, Desai, et al, 1989). Diet Coca-Cola® also contains 

citric acid in addition to the orthophosphoric acid found in the regular type. 

As regards the amount of titratable acid, cola does not have a higher value than other common 

drinks (Lussi, Jaggi & Scharer, 1993). In vitro studies show that demineralisation of hydroxy

apatite is less with cola than with many other drinks (Grenby, Phillips, Desai, et al, 1989). 

Grenby found that drinks containing high levels of calcium and phosphorous produced less 

demineralisation of enamel than those with low levels of these ions, suggesting that the lower 

demineralisation associated with the cola drinks in vitro, compared to many other drinks, may be 

due to the former drinks' high phosphorous content (Grenby, 1990). Similar results were found 

after 6 minutes of in vitro erosion testing with different drinks in which cola was found to release 

calcium to about the same extent as orange juice, but nearly twice as much as apple juice. After 

40 minutes exposure, however, the juices released approximately twice the amount of calcium 

compared to cola. The diet type of cola released about one-third of the amount of calcium of the 

regular cola-type drink after 6 minutes, and less than (Lussi, Jaggi & Scharer, 1993) one-half of 

the amount after 40 minutes of exposure. 

In summary, the erosive potential of drinks is very difficult to predict and the degree of enamel 

erosion depends on a combination of factors, that is, its pH, and the types, amounts and ratios of 

constituent organic acids, as well as other chemical constituents. Rytomaa, Meurman, Koskinen, 

et al, (1988) and Grabler, Senekal & Kotze (1989) investigated enamel erosion caused by 

different fruits, while Grenby, Phillips, Desai, et al (1989) and Grabler, Jenkins & Kotze (1985) 

studied the effects of soft drinks in this respect. They concluded that the best guide for the 

erosiveness of a product is its content of titratable acid, but that other factors may greatly modify 

19 

Stellenbosch University  https://scholar.sun.ac.za



the erosive potential. These factors include the pH and chemical components of the products, and 

the dissociation constants of the acids involved. Apple juice, for example, having a pH value 3.4, 

has been shown to depress intraoral pH longer than a cola beverage with pH 2.3 in an experiment 

with telemetric interdental plaque pH registration (Rytomaa, Meurman, Koskinen, et al, 1998). 

Apple juice has a much higher titratable acidity than cola beverage, which explains this finding 

(Rytomaa, Meurman, Koskinen, et al, 1998). Meurman & Frank (199la), found citric acid to be 

more erosive than phosphoric acid only in specimens challenged for short periods (15 min). The 

higher erosiveness of the citric acid, during the early stages of acid dissolution, may be the result 

of its chelating (calcium binding) properties. When the process continues, the tissue destruction 

becomes so prominent that no difference can be related to the causative agent. Elsbury (1952) 

and Hazelton & Faine (1996) showed that citric acid indeed erodes enamel at a rate more than 

twice that of hydrochloric or nitric acids of the same concentration. 

Thus, the chemical structure of the erosive agent, but also the structure and composition of 

enamel, play a key role in the initiation and progression of erosive lesions. Nevertheless, current 

data does not allow the ranking of the erosive potential of various acids. Further factors, such as 

sugar content and carbonation (Smith & Robb, 1989) and other ingredients of a drink or 

foodstuf:I: such as sorbitol (Robb & Smith, 1990) also play a role in this respect. 

2.1.8 Method of Drinking and Dental Erosion 

The individual pattern of drinking is important in the development of erosion when consuming 

erosive drinks. The damage of erosion is likely to be greater in individuals who retain the drink 

in the mouth for some time before swallowing, compared to those who do not (Lewis & Smith, 

1973; Harrison & Roeder, 1991 ). The length of time that the acidic drink is in contact with the 

tooth surface, as well as the frequency of consumption, are important factors. For example, 

sport-drinks are meant to be consumed a little at a time during physical activities, in which state 

less favourable salivary conditions exist, and thus may further aggravate the negative effects of 
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these drinks on dental health (Birkhed, 1984; Grabler, Jenkins & Kotze, 1985; Meurman, 

Harkonen, Naveri, et al, 1990; Sorvari & Rytomaa, 1991; Milosevic, 1997). 

The time of day at which the drink is taken is important. It has, for example, been shown that 

children having erosive drinks at bedtime exhibit more dental erosion than those who do not 

(Millward, Shaw & Smith, et al, 1994). When comparing the intraoral distribution of pH

reduction in healthy individuals after drinking 100 mt 1 % citric acid, there was no difference 

whether the solution was taken by glass, straw or feeder; the decrease in pH was, however, 

greater on the palatal surfaces of maxillary incisors compared to the occlusal surfaces of 

maxillary first molars, and fairly closely follows the pattern of a greater degree of erosion found 

in the former site (Millward, Shaw & Smith, 1995). Plaque-pH has been monitored in relation to 

method of drinking and it has been shown that rinsing with sugar-containing drinks reduces 

plaque-pH to a greater degree than normal drinking (Grabler, Jenkins & Kotze, 1985), which, in 

tum, reduces pH more than when sucking from a straw. 

2.1.9 Oral Hygiene Activities and Dental Erosion 

Clinically, a patient with active erosion often exhibits what appears to be good oral hygiene. The 

modern practice of frequent cleaning of the teeth is certainly more erosion-conducive than a more 

irregular, less methodical method of oral hygiene, since the erosive lesion develops on surfaces 

free from plaque. A plaque-free surface could be a result of oral hygiene activities, but could also 

be a consequence of natural cleaning from the lips, tongue and cheeks. Approximal surfaces are 

seldom free of plaque and this may be the reason why they rarely develop erosive lesions, while 

dental caries depend on the presence of plaque. 

Oral hygiene activity, after an acidic challenge to the tooth surface, will result in a greater loss of 

tooth substance due to the "pre-softening' of the surface before the application of mechanical 

forces (Miller, 1907; Schweizer- Hirt, Schait, Schmid, et al, 1978). Tooth brushing without 

toothpaste, after an erosive challenge, showed deposition of salivary components, inducing 
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demineralisation, while brushing with non-fluoridated toothpaste resulted in abrasion (Kuroiwa, 

Kodaka, Kuroiwa, et al, 1994). Fluoride toothpaste has been shown in vitro to have a positive 

effect in the presence of erosive challenges from dietary sources and from Ethylene Diamine 

Tetra-Acetic Acid (EDTA), often used in oral hygiene products (Davis & Winter, 1977). It has 

been shown in vitro that even topical fluoride treatment, prior to acid exposure, will reduce 

erosive effects (Sorvari, Meurman, Alakuijala, et al, 1994). 

Many factors are involved in the individual's resistance to acidic challenges. It is possible to 

remineralise damaged enamel by drinking milk (Gedalia, Dakuar, Shapira, et al, 1991) eating 

hard cheese or rinsing with fluoride solutions (Gedalia, Ionat-Bendat, et al, 1991 ). It is also clear 

that our knowledge in this complex field is limited and that further research is necessary in order 

to provide a better understanding of the subject. 

2.2 EROSION OF ENAMEL 

Erosion attacks the enamel surface. Acids find their way to the pits and pores in enamel and 

cause enamel prism destruction in subsurface layers (Downer, 1995). Ultrastructural in vitro 

studies (Meurman & Frank, 1991 a; Millward, Shaw & Smith, 1994; Jones & Nunn, 1995) have 

demonstrated the progression of erosion in prismatic and aprismatic enamel. In these studies, 

enamel specimens prepared from human or bovine teeth were immersed in chemically defined 

acidic solutions for various time periods and inspected by scanning electron microscopy. At 

short immersion times (15 min), malic acid (pH 3.4) appeared less erosive than solutions 

containing citric acid (pH 2.8) or phosphoric acid (pH 2.6). After longer immersion (60 min), 

morphological differences between specimens treated with various acids disappeared. It had 

earlier been shown that malic acid is indeed less erosive than citric acid (Moynihan & Holt, 

1996). In vitro, the lower the pH, the more erosive is the solution, but titratable acidity and 

chelating properties may greatly modify the rate of erosion (Millward, Shaw, Smith, et al, 1994). 

Nevertheless, morphologically, the lesions are very similar. In prismatic human or bovine 

enamel, the lesion first develops in the prism sheath areas, followed by dissolution of prism cores 
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with prolonged challenge. Eventually, the interprismatic areas also become affected (Millward, 

Shaw & Smith, 1994). Depending on the chemical composition of the outer enamel layer (in 

particular the fluoride content), erosive patterns vary in a similar way as reported for acid etching 

of enamel. 

Ultrastructural studies have shown that erosive lesions are seen in prismatic enamel as 

characteristic demineralization patterns where either the prism cores or interprismatic areas 

dissolve, leading to a honeycomb structure. In aprismatic enamel the pattern of dissolution is 

more irregular and areas with various degrees of mineral loss are seen side by side. In dentine the 

first area to be affected is the peritubular dentine. With progressing lesions, the dentinal tubules 

become enlarged but finally disruption is also seen in the intertubular areas. · If the erosion 

process is rapid, increased sensitivity of the teeth is the presenting symptom. However, in cases 

with slower progression, the patient may remain without symptoms even though the whole 

dentition may become severely damaged. Regarding the role of causative agents, present data 

does not allow the ranking of different acids with regard to their potential for causing erosion. 

Difficulties are associated with the early diagnosis of erosion and, in particular, with the 

determination of the rate ofloss of tooth structure. In vivo measurements of the extent of erosion 

are limited to the use of indices (Smith & Knight, 1984b; Lussi, 1996), which are subjective, and 

often inaccurate measurements of hard tissue loss. Quantitative in vivo measurements have been 

described (Bartlett, Evans, Anggiansah, et al, 1996), but the ability of these techniques to detect 

early erosion, or discriminate erosion from other processes that may result in hard tissue loss, 

requires further development. 
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2.3 THE PROGRESSION OF EROSION IN PERMANENT TEETH 

The progression rate of erosive lesions has been quantified in an in vitro experiment with bovine 

enamel (Millward, Shaw, Smith, et al, 1994). Erosion appears to progress from 1.5 to 6 µm/h, 

and the mineral loss is linear up to 2 h during immersion in acidic beverages. There are no 

calculations on how rapidly erosion progresses in human enamel. Featherstone & Mellberg, 

(1981) have reported that artificial caries lesions in bovine enamel develop three times faster than 

lesions in human enamel. If the same ratio applies for the acid dissolution of enamel by erosion, 

then the data by Rytomaa, Meurman, Koskinen, et al, (1988) would indicate that unprotected 

human enamel might erode at 0.5-2 µm/h. However, it must be emphasized that these in vitro 

situations greatly exaggerate the erosion effects compared to the in vivo situations due to lack of 

protective factors. Parameters such as buffering capacity and flow rate of saliva, salivary pellicle 

formation as well as individual dietary habits need to be taken into account. The importance of 

good salivary flow is critical to effective protection against erosive acids, both in terms of initial 

neutralisation of acid and also in terms of controlling the length of time it is able to act on teeth. 

A deficiency in the buffering capacity and clearance rate of saliva increases a person's 

susceptibility to erosion. 

Savad (1982) reported that clinically detectable erosive lesions developed within 4 weeks in a 

patient who was a member of a swimming team and probably acquired his lesions by repeated 

exposure to gas chlorinated water. Xhonga, Wolcott and Sognnaes, (1972) measured the rate of 

erosion in permanent teeth to be 1 µm/dt in a 5-month clinical study comprising patients who 

exhibited various degrees of erosions. Representativeness of this study, however, is questioned 

because only thirteen subjects were followed up. 

2.4 PROTECTIVE FACTORS AGAINST EROSION 

In carious lesions it has been documented that a redeposition of calcium and phosphate occurs 

from saliva (Maron, 1996). This precipitation takes place in the subsurface regions of white spot 
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lesions, in a chemical form similar to the original tooth mineral hydroxyapatite. Whether the 

same phenomenon may be expected to occur in etched surfaces, is yet to be established. A 

remineralisation of etched enamel has been reported (Graehn, 1991 ). Later, it had been 

questioned whether the disappearance of the etched prism structure was not merely the result of 

the deposition of an organic pellicle layer. In the process of erosion the conditions make the 

surface a less likely substrate for remineralisation: the pH being lower than inside the lesion, the 

lack of an (eligible) crystallite surface for mineral precipitation, and the rapid wear of a rough 

enamel surface, which adds to the loss of precipitation substrate. 

Erosion, however, does not only lead to an ad integrum loss of enamel but also to a slight 

subsurface mineral loss. This layer, showing small histological changes but with the gross 

enamel structure being essentially intact, has been shown to be remineralisable (Rytomaa, 

Meurman, Franssila, et al, 1989). 

2.4.1 Enamel chemistry 

Enamel is composed of a carbonated calcium hydroxyapatite. The solubility of this mineral is pH 

dependent, as both phosphate and hydroxyl-ions bind protons. With saliva containing calcium 

and phosphate ions, a state of supersaturation exists at neutral pH with respect to apatite. The 

rate at which apatite precipitates depend, amongst others, on factors like calcium binding in 

saliva and diffusion inhibition by salivary pellicle. 

With decreasing pH, saliva 'crosses' the saturation line at a point known as the critical pH. For 

enamel this has been calculated to be around 5.5, the precise value depending on the saliva (or 

rather plaque fluid) and enamel composition. This value is also influenced by the degree of 

impurities in the enamel mineral, mainly carbonate and magnesium (Kapila & Kashani, 1997). 

Fluoride is a complicating factor as this may give rise to the formation of fluoridated enamel (or 

fluorapatite), which has a significantly lower solubility. For fluorapatite, at the prevailing 

fluoride levels, a critical pH can be calculated at around 4.5. In the case of caries, fluoride 
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incorporation in enamel is particularly effective in prevention, as it results in a lowering of the 

critical pH, which reduces the time period when the plaque is undersaturated after eating 

fermentable carbohydrates. When enamel is immersed in an acid solution at lower pH (i.e. pH 1 

to pH 4), the situation is different because both hydroxyl- and fluorapatite are undersaturated. 

Then, neither fluoridation of the enamel, nor fluoride present in the ambient solutions, affect the 

degree of undersaturation of the solution with respect to the tissue minerals (Xhonga & 

Sognnaes, 1973). 

2.4.2 Salivary Factors and Dental Erosion 

Meurman & Frank (1991a) stated that "It is anticipated that saliva is a key host defence factor 

with regard to dental erosion" and an increased erosive action, during the intake of acidic drinks, 

may be expected if salivary buffer capacity and rate of salivary secretion are reduced (Tenovuo & 

Rekola, 1977; Linkosalo & Markkanen, 1985; Lussi, Jaggi & Scharer, 1995; Tenovuo, 1997). It 

has been suggested that the buffering capacity of saliva is more important for individuals 

predisposed to erosion, than for individuals predisposed to caries, since the erosion surface is not 

covered by dental plaque, and therefore exposed for interaction with the saliva (Tenovuo, 1997). 

The carious process on the other hand, is developed beneath dental plaque and the tooth surface is 

therefore more "shielded" from interactions with the saliva. Low buffering capacity has been 

found in patients with gastroesophageal reflux (Gudmundsson, Kristleifsson, Theodors, et al, 

1995) and in lactovegetarians (Linkosalo & Markkanen, 1985), both of whi~h groups exhibited 

more dental erosion compared to controls. 

Bulimic patients who often exhibit erosion, have significantly less stimulated salivary flow rate 

and lower concentration of bicarbonate compared to controls (Milosevic & Dawson, 1996). In 

salivary analyses, unstimulated saliva would be more appropriate than stimulated saliva since this 

is the prevalent physiological flow condition most of the time (Gren by, Phillips, Desai, et al, 

1989). In this regard, Jarvinen and co-workers showed that an unstimulated salivary flow rate of 

0. 1 mf/min or less, produces a five times greater risk of erosion than (Jarvinen, Rytomaa & 
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Heinonen, 1991) a higher flow rate. It has been found that patients with erosion had less calcium 

and phosphorous in their saliva, related to reduced production of unstimulated saliva (Jarvinen, 

Rytomaa & Heinonen, 1991). 

By forming a pellicle of salivary proteins, saliva will protect the teeth and in vitro studies on 

bovine enamel have shown that the presence of pellicle may reduce the degree of erosion 

(Meurman & Frank, 1991 b ). Mucin content in saliva has been shown to be higher in erosion than 

in non-erosion subjects (Mannerberg, 1963; Milosevic & Dawson, 1996) and it has been 

suggested that salivary mucin prevents the reparative effect of calcium phosphate (Mannerberg, 

1963). In cases of vomiting associated with eating disorders, saliva becomes ex<;essively viscous 

as a result of the diseases, indicating a possible change in saliva after acidic challenges 

(Milosevic & Dawson, 1996). When intra-oral pH is reduced, such as after intake of an acidic 

drink, calcium, present in the pellicle and in the molecule complex in the saliva, links with the 

acid and results in a reduction of salivary lubricating properties on the tooth surface (Nordb0, 

1984). 

In summary, it seems clear that host factors such as salivary flow rate, buffer capacity and the 

salivary pellicle are of importance in the development of dental erosion (Imfeld, 1996). 

2.5 MEASUREMENT OF EROSION 

The mam methods of erosive potential assessment in vitro and their pros and cons are 

summarized in Table 2.1 

In addition to electron microscopic techniques, erosion has also been studied by methods 

measuring microhardness, loss of surface contour by profilometric analysis and surface porosity 

(by iodide permeability tests) (Millward, Shaw, Smith, et al, 1994; Ferguson, Dunbar, Smith, et 

al, 1996; Moynihan & Holt, 1996). Finally, tongue surface pH has been measured after 

consuming test drinks and foodstuffs in order to assess the erosive potential of various products 
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(Finch, 195 7). This has lead to a model in which the erosive potential of a product can be 

predicted from its acidity, pH value and phosphate, calcium and fluoride contents. However, 

these models, like all in vivo models, oversimplify the complex pathogenesis of erosion. 

A sensitive way of showing small changes indicative of erosion under laboratory conditions is to 

measure calcium (Ca) and/or phosphorus (P) dissolving from teeth or dental mineral under the 

influence of potentially erosive acids or other erosive factors. 

A variety of small-scale and micro-methods exists for the determination of Ca and P in solution. 

A reliable and sensitive technique for estimating calcium with little interference from other 

solutes is by atomic absorption spectroscopy (Smith, Bartlett & Robb, 1997). Phosphorus 

entering into a solution can be measured by a number of absorptiometric techniques, such as the 

method of Allen (Johansson, 1992) in which the intensity of the blue colour of a reasonably 

stable reduced phosphomolybdate complex is proportional to the concentration of phosphorus 

(Chen, Toribara & Warner, 1956) 

Surface microhardness was used by Lussi and co-workers (1991 , 1993 & 1995), and in later 

studies, to distinguish between erosive factors, using a Vickers hardness measuring instrument 

under standardized conditions and measuring the hardness on a Knoop scale. A detailed 

description of the use of SEM is given by Addy, Absi & Adams (1987). Extracted teeth were 

cleaned in hypochlorite and 70% ethanol, and then exposed to various acids and drinks for 5 min. 

Etching was assessed by sputter-coating the dried specimens with gold, examining them under 

the electron microscope, and grading the severity of etching on a scale, with 0 = no tubules 

visible to +++ = many tubules seen. 
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Table 2.1 
Summary of Advantages and Disadvantages of Methods used in In Vitro Erosion Studies. 

Method Advantages . Drawbacks 

Examination of extracted Not based on a complete dentition . 
teeth History of the teeth not known. 

Qualitative. 

Chemical methods Very sensitive. Easy to Do not exactly mirror conditions in vivo. 
study variables, e.g. time Quantitative only 
and type of acid. 

Physical methods Surface hardness data may Hardness data do not measure extent of 
be relevant to erosion. hard tissue loss by erosive attack. 

Qualitative. 

Iodide permeability Useful for both erosion and May use bovine rather than human 
caries. enamel. Qualitative 

Digital image analysis Very precise and sensitive. Equipment and programs expensive. 
Both qualitative and 
quantitative. 

Scanning electron Mimics the tooth surface. Very expensive equipment. Skilled 
microscopy labour requirement 

Hyd roxya patite Reproducible-Both Moving away from tooth tissue 
powder/disc qualitative and quantitative. 

3-0 tomography, laser 
Reproducible-Qualitative scanning, NMR, 

microradiography, ICT and quantitative. Unproven for erosion studies 

test All may have potential. 

Several techniques have been developed to measure mineral changes on human enamel. These 

techniques include microhardness measurement of the enamel surface (Arends, Schuthof & 

Jongbloed, 1980), microhardness measurements of enamel cross-sections (Davison, Hoekstra & 

Arends, 1974; Featherstone, Ten Cate, Shariati, et al, 1983), polarized light microscopy 

(Silverstone, 1973 ), different microradiography techniques (Angmar & Carlstrom, 1963; De 

Josselin, de Jong, van der Linden, et al, 1987; Herkstroter, Noordmans & ten Bosch, 1990), 

iodine absorptiometry (Almqvist, Wefel, Lagerlof, et al, 1988) and light scattering (Ten Bosch, 
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van der Mei & Borsbiom, 1984). All of them have advantages and disadvantages (Ten Bosch & 

Angmar-Mansson, 1991; Featherstone, 1992). Transversal micro-radiography, however, is 

considered to be the most practical technique for- the direct and quantitative measurement of 

mineral content, mineral changes and mineral distribution (Arends & ten Bosch, 1992). 

Confocal Laser Scanning Electron Microscopy (CLSM) is a non-destructive, three-dimensional 

technique for obtaining microscopic tomographies of the outer dental hard tissue surfaces. 

CLSM evaluation of hard tissue surfaces has been described by Duschner, Sonju-Clasen & 

0gaard (1996) and 0gaard, Duschner, Ruben & Arends (1996). Confocal laser scanning 

microscopes are laser microscopes that eliminate the fluorescent, reflected and scattered light 

coming from out-of-focus planes of the sample being analyzed. Because of this capability, 

CLSM is capable of producing subsurface "optical sections" at different depth levels inside the 

tooth sample up to :::::: 100 micrometers from the surface of enamel and dentine. At each level, a 

laser beam scans the object one point at a time, and each image is created by scanning the entire 

layer line by line. This permits non-invasive imaging of undisturbed lesions. Subsurface 

imaging, using the confocal microscope, also eliminates the problem of contamination of the 

surface of the sample. 

According to Watson (1997) the term "confocal" is derived from the use of an aperture in the 

conjugate focal plane of an objective lens in both the illumination and imaging pathways of a 

microscope. The area surrounding the aperture rejects stray light returning from areas which are 

not in the focal plane of the lens. For a useful image to be constructed, some form of scanning 

device is required. This type of scanning optical microscopy enables high resolution images to be 

made of samples, often below the surfaces of translucent materials, with minimum requirements 

for specimen preparation. High resolution images may be made of either the surface of the 

sample or beneath the surface. For subsurface images, an immersion medium is used to couple 

the objective lens optically with the sample, to produce reflection or fluorescence images of 

structures with semi-transparent materials such as cells and dental hard tissues. These images can 

be likened to optical tomograms, giving thin (> 3 5 µm) slices up to 200 µm below the surface of a 

transparent tissue. With microscopes running under normal conditions the optical sections will be 
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> 1 µm. and the effective penetration into enamel and dentine a maximum of 100 µm 

(Watsonl 997). 

2.6 SUMMARY AND CONCLUSIONS FROM THE LITERATURE 

Dental erosion is mainly caused by acidic solutions which come into contact with the teeth. The 

critical pH of dental enamel is approximately 5.5. Any solution with a pH value near to this 

value or lower, may cause significant erosion. particularly if the attack is of long duration, and 

repeated over time. The factors responsible for erosion include all kinds of foodstuff, which are 

acidic. and with low levels of calcium and phosphate (Smith & Knight. 1984a; Smith & Robb. 

1996). The erosive items are characterized as being highly under-saturated with respect to both 

hydroxy-apatite and fluoro-apatite (Smith. Bartlett & Robb, 1997). Saliva and salivary pellicle 

counteract the acid attacks but if the challenge is severe. a total destruction of tooth tissue 

follows. 

The capability of any drink to erode dental enamel will depend on many factors like the pH. total 

acid concentration. acid strength. buffering capacity. dissolution rate of acids. dissociation 

constants and specifically the calcium. phoshorus and fluoride concentrations because these 

elements form the building blocks of hydroxy-apatite and fluorapatite. 

The most frequently consumed erosive acids are organic acids (and phosphoric acid) contained in 

fresh fruits. fruit juices and soft drinks (Miller, 1907; Schweizer- Hirt, Schait. Schmid. et al. 

1978; Smith & Knight. 1984a; Carlsson & Ingervall, 1988; Robb. Cruwys & Smith, 1991 ; 

Johansson. 1992; Johansson & Omar. 1994). Ascorbic acid (vitamin C) contained in all sorts of 

drinks. sports drinks and candies has been identified as a significant cause of extrinsic erosion 

(Zipkin & McClure. 1949; Sognnaes. Wolcott & Xhonga, 1972; Xhonga & Valdmanis, 1983). 
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There has been a few documented case studies of the effect of wine on both hard and soft tissues 

(Eccles & Jenkins, 1974; Jarvinen, Rytomaa & Heinonen, 1991; Lussi, Schaffner, Hotz, et al, 

1991 ), and that professional wine-tasting (Linkosalo & Markkanen, 198 5), presents some degree 

of increased risk to dental erosion. 

It has been demonstrated previously that immersion of enamel in acidic beverages produces a 

drop in hardness readings. Measurement of surface microhardness of enamel using a diamond 

indenter under standardized conditions and measuring the length of the indentations of enamel 

has been used frequently to quantify surface changes of enamel (Millward, Shaw & Smith, 1994; 

Millward, Shaw, Smith, et al, 1994; Downer, 1995; Jones & Nunn 1995, Moynihan & Holt, 

1996). 

The pathological structure of enamel erosion proceeds either by dissolving enamel prisms or by 

chemically wearing off the aprismatic surfaces. Once in dentine, the process continues via 

dentinal tubules and eventually involves the pulp tissue. A characteristic increase in tooth 

sensitivity to any outer stimuli is seen as a main symptom of erosion. However, if the process is 

slow, an increased sensitivity may be delayed, presumably because of accumulation of tertiary 

dentine in the pulp. Depending on the severity and longevity of erosion, the process may lead to 

a total destruction of the dentition. Finally, erosion is rarely a factor operating alone in causing 

tooth wear. 
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CHAPTER3 

AIMS, MATERIALS AND METHODS 

3.1 INTRODUCTION 

In this chapter the hypothesis, aims and objectives of the study will be presented. The materials 

and methods for the in vivo study such as the administration of the questionnaire, clinical 

examination, photographic records, salivary flow rate, buffering capacity and pH measurements 

will be described. The material preparation for the microhardness study, scanning electron 

microscopy (SEM) and confocal microscopy (CLSM) will be explained in detail. 

3.1.1 Aims and Hypotheses investigated 

It would be investigated whether there was a difference: 

(i) in terms of erosion between teeth of wine-makers and those who are not wine-makers; 

(ii) between enamel exposed to wine and urn~xposed enamel; 

(iii) in the surface microhardness of enamel exposed to different wine types; 

(iv) in the surface morphology of enamel exposed to different wines; 

(v) between the surface and subsurfaces of teeth exposed to different wines. 
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3.1.2 Aim 

The main aim of this study was to investigate the-erosive (hazardous) effect of wine on human 

enamel. This scientific investigation is divided into the following sections: 

3.1.2.1 Epidemiological Section (in vivo) 

In the epidemiological component (in vivo) of the research the oral health status of wine-makers 

(exposed group) and their controls (unexposed group) was determined, described and compared. 

3.1.2.2 Laboratory Section (in vitro) 

For the in vitro section of the research, the erosive potential of wine on human permanent tooth 

enamel was investigated with the aid of a microhardness tester, scanning electron and confocal 

laser scanning microscopy. 

3.2 OBJECTIVES 

3.2.1 For the in vivo epidemiological study the objectives were to: 

3.2.1.1 compare the oral health status between wine-makers (exposed) and their spouses (non

exposed); 

3.2.1.2 compare the prevalence and severity of tooth surface loss between wine-makers 

(exposed) and their spouses (non-exposed); 

3.2.1 .3 determine perceptions of oral function, knowledge, awareness and behaviour regarding 

the risk of erosion. 
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3.2.2 For the in vitro study, the objectives of the study were to: 

3.2.2.1 assess quantitatively, with the aid of a microhardness test, the effect of wine on human 

tooth enamel exposed to three different types of wines for six different time periods (2, 5, 15, 3 0, 

45 and 60 minutes); 

3.2.2.2 evaluate the surface structure of enamel after exposure of the enamel to the different types 

of wines for different times (2, 30 and 60 minutes) with a Scanning Electron Microscope; 

3.2.2.3 assess surface and subsurface mineral loss with the aid of Confocal Laser Scanning 

Microscopy (CLSM) in enamel after exposure of enamel to two different wines for different time 

periods (5 and 30 minutes). 

3.3 MATERIALS AND METHODS 

3.3.1. Epidemiological Study (in vivo) 

3.3.1.l Study Design 

The design of the epidemiological component of the study fits the description of a single blind, 

cross-sectional, comparative study. 

Initially all wine-makers and assistant wine-makers (n=25) employed at the Bergkelder, 

Stellenbosch were requested to participate in the study. In addition their spouses were selected to 

act as controls to balance for confounding variables (lifestyle) except for wine-tasting. The most 

suitable control in terms of lifestyle, age and diet are the spouses. 

A clinical examination as per codes listed below for "Condition and Status of the Crowns and 

Roots" was conducted to assess caries status (WHO, 1987). A similar assessment was done as 

per codes listed further for "Condition and Status of Oral Mucosa! Lesions" to record oral 
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mucosa lesions (WHO, 1987). The presence and severity of tooth surface loss as described by 

Eccles and Jenkins, (1989) and summarised below was measured and recorded. Staining 

(presence or absence), fluorosis and prosthetic status (WHO, 1987) was also documented. If there 

were clinical signs of dental erosion, a radiographic examination, a photographic examination 

and salivary flow tests were carried out. Photographs were taken for those participants who had 

been clinically identified as having erosion to compare the photographic and clinical findings . A 

radiographic examination encompassmg anterior and posterior bitewings and an 

orthopantomogram were taken. The salivary flow rate, buffering capacity and pH were measured. 

3.3.1.2 Methodology 

The examination of the dentition status was performed by the author, assessing the decayed, 

missing and filled tooth surfaces (DJMFS and DlMFT) with a plane mouth mirror and recorded on 

the form. A systematic approach to the assessment of the dentition status and treatment need was 

adopted. The examination proceeded in an orderly manner from one tooth or tooth space to the 

adjacent tooth or tooth space. A tooth was considered present in the mouth when any part of it 

was visible. The coding is illustrated below. 

Table 3.1 

List of Codes used for the Condition and Status of the Crowns and Roots 
examined in this study. 

Code Condition/status 
Crown Root 

0 0 Sound 
1 1 Decayed 
2 2 Filled, with decay 

3 3 Filled, no decay 

4 - Missing, as a result of caries 

5 - Missing, any other reason 
6 - Fissure sealant 

7 7 Bridge abutment, crown, veneer, implant 
8 8 Unerupted tooth/unexposed root 

T - Trauma (fracture) 

9 9 No 
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An examination of the oral mucosa and soft tissues in and around the mouth was made on every 

subject. The examination was thorough and systematic and performed and coded in the following 

sequence: 

• Labial mucosa and labial sulci (upper and lower) 

• Labial part of the comrnissures and buccal mucosa (right and left) 

• Tongue (dorsal and ventral surfaces, margins) 

• Alveolar ridges/gingival (upper and lower) 

• Floor of the mouth 

• Hard and soft palate 

Table 3.2 

List of Codes used for the Condition, Status and Location of the Oral Mucosal Lesions 
examined in this study. 

Code Criteria Code Location 
a No abnormal condition a Vermilion border 
1 Malignant tumour 1 Commissures 
2 Leukoplakia 2 Lips 
3 Erythroplakia 3 Sulci 
4 Lichen olanus 4 Buccal mucosa 
5 Ulceration 5 Floor of the mouth 

6 
Acute necrotising 

6 Tongue ulcerative gingivitis 
7 Candidiasis 7 Hard and/or soft palate 

8 
Leukokeratosis nicotina 

8 !Alveolar ridges/gingival pa/atini 

9 Other 

Table 3.3 

Tooth surface loss (Tsl) was recorded according to the criteria followed by Eccles and Jenkins 
(1989) and these codes are illustrated below. 

Grade 0 No clinical evidence of erosion 

Grade 1 Loss of surface, giving a smooth glazed surface, with no dentine involvement 

Grade 2 
Involvement of the dentine for less than one third of the area of the tooth 
surface 

Grade 3 
Involvement of the dentine for more than on third of the area of the tooth 
surface 
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Loss of teeth, if any was recorded. It may be difficult to elucidate whether the teeth were lost as a 

result of erosion and wine exposure or other causes. Where the participant clearly states that the 

tooth/teeth were lost due to wine-making this will be recorded as such. 

Photographic examination for clinical records and correlation with clinical examination was 

performed by a professional photographer (Marius Jooste). A professional photographer took 

photographs of teeth, which had been clinically diagnosed to have tooth surface loss. 

Photographs were taken of the facial surfaces, lingual surfaces and lateral views of all the teeth in 

a mirror as well as in occlusion (Skogedal, Silness, Tangerud, et al, 1977). All photographs were 

standardized according to the methods of Skogedal, Silness, Tangerud, et al, 1977. In addition, 

they may be used as baseline information from which to monitor future lesions. 

The procedure for collecting unstimulated saliva was as follows . The patient sitting in an upright 

position was asked to swallow his/her saliva. From then on the saliva was collected over a 5-

minute period. The patient was requested to resist swallowing and to spit periodically into a 

graduated beaker. If the saliva secretion rate was small, it was necessary in some cases to extend 

the collection period. When the collection time was over, the amount of saliva (the foam was 

ignored) was read and the secretion rate calculated and expressed in millilitre saliva per minute. 

For adults, normal secretion rates are in excess of 0.25ml/min. For this study, values below 

O. lml/min were considered as low and values between O. lml/min and 0.25ml/min as borderline. 

Stimulated saliva flow was also collected in the same manner as described above except that the 

subjects were provided with paraffin wax to chew on before collection of the saliva. 

The buffering capacity and the pH of the saliva was measured with freshly collected saliva using 

the Dentobufl® indicator system according to manufacturer' s instructions. A drop of saliva was 

placed on a test strip. The test strip contained a weak acid and a pH indicator. After exactly 5 

minutes the colour was read (compared to a standard) and the buffering capacity classified as 

low, medium or high. 
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S. mutans Counts were measured in CFU (Colony Forming Units) per ml of saliva. The 

following scores were employed: Grade 1 (no risk)=< 105
; Grade 2 (moderate risk)= 105 -106

; 

Grade 3 (high risk)= 106 
- 107

; Grade 4 (very high risk)= 101
· The Lactobacillus Counts were 

measured in CFU (Colony Forming Units) per ml of saliva and the results were scored as: Grade 

1 (no risk) = < 105
; Grade 2 (slight risk)= 02 

- 103
; Grade 3 (moderate risk)= 103 

- 104
; Grade 4 

(marked risk) = > 104
· 

Unstimulated salivary flow was measured as ml of saliva per minute. The following scores were 

used. Grade 1 (Normal)=> 0.25 ; Grade 2 (Intermediate)= 0.1 -0.25 and Grade 3 (Low)= <0.1. 

Stimulated salivary flow was measured in a similar way and in the same units, as ml of saliva per 

minute. In this case the following scores were used. Grade 1 (Normal) = > 1; Grade 2 

(Intermediate)= 0.7 -1 and Grade 3 (Low)= <0.7. 

3.3.1.3 Epidemiological Questionnaire 

A questionnaire was administered to determine environmental, demographic, medical, dental, 

occupational, dietary, behavioural and other possible factors associated with tooth surface loss. 

• previous dental history (sought and evaluated); 

• present dental history: presence of pain, rough or sharp teeth, extent to which the 

patient is concerned about the appearance of his I her teeth; how long they have been 

aware of problems and whether, in their view, the loss of tooth substance is 

continuing; 

• diet and eating habits e g. intake of citrus fruits, other fruits, citrus fruit juices, other 

fruit juices, carbonated drinks; 

• presence ofbruxism or other oral habits; 

• oral hygiene habits - tooth brush stiffness, technique, when, how often, how long, 

fluoride tablets, varnishes, gels; 

• professional exposure to acids (quantity of wine drunk, how often, for how long); 
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• medical history will be recorded in the usual way with specific questioning about 

gastric symptoms (vomiting, belching, gastric pain, stomach ache) to determine 

whether gastric reflux is a factor in the aetiology of the tooth surface loss, salivary 

gland disease, diabetes, connective tissue disorders, drug influence (tranquillizers, 

anti-emetics, anti-histamine, lemonade and vitamin C tablets), radiotherapy; 

• their work history, tasting history; 

• wine-maker's perception of oral function with regard to eating and drinking 

restrictions as a result of dental erosion; 

• knowledge and awareness of wine-makers regarding the risk of erosion; 

3.3.1.4 Study Design for Tooth Surface Loss (Tsl) 

This study was designed in such a way that there were two distinct groups : One group was 

exposed to wine through their career as wine-makers and the other group was exposed to normal 

use. Such a situation arises naturally in society where the wine-makers are married to non-wine

making spouses. In the sample of individuals studied, there were, however, two female wine

tasters so that not all wine-makers in the sample were of the male gender. 

For individuals within the epidemiological study, the set of teeth in each individual was treated as 

a group belonging to a single individual. The analysis was conducted in such a manner to display 

the extent of erosion for each tooth per individual. Erosion was displayed not only for each 

individual tooth but also for the respective surfaces of each separate tooth. 

3.3.1.5 New Measures suggested to Quantify Tooth Surface Loss (Tsl) 

The calculations of the number of tooth surfaces, which had a tooth surface loss score of 1, 2 or 

3, were adjusted for missing tooth surfaces (coded 8 and 9 as per list of codes used to describe 

condition and status of crowns and roots examined). It should be noted that this simple 

adjustment can give rise to fractional scores. The number of surfaces on which tooth surface loss 

(Tsl) of grade 1, 2 or 3 occurred was all added together to provide an unweighted composite 

score. This unweighted composite score is referred to as the SumSurf123 (explained in 

Glossary). Another method used was to weight the Grades according to the severity and then add 
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them together. In the case of the calculations of the weighted sums, similar adjustments for 

missing surfaces as described earlier, were applied. A score was developed where Grades 2 and 

3 were added together. This unweighted composite score will be referred to as the SumSurf23. 

The more severe instances of tooth surface loss were weighted by means of constants e.g. a score 

of 2 was multiplied by 2 and a score of3 was multiplied by 3. This weighted composite score is 

referred to as the WghtdSumSurf. A similar set of measurements was defined with the tooth as 

the unit of analysis namely SumSurf23Et, WghtdSumEt, Sum123Et and Sum23Et. 

3.3.1.6 Anticipated Results of Epidemiological Study 

It was expected that the patterns of tooth surface loss will mimic that of bulimic patients, and be 

different from those related to industrial tooth surface loss due to acid mists. Varying degrees of 

tooth surface loss will be seen, and it will be more marked on the lingual surfaces. One would 

expect to see oral mucosa} lesions similar to those seen in alcoholics. Increased pain, sensitivity, 

loss of oral function, loss of vertical dimension may be reported from this sample. 

3.3.2 In Vitro Study 

3.3.2.1 Tooth Specimen Preparation 

Recently extracted, sound, permanent human incisor teeth kept in::::: 0.01 % thymol solution, were 

used for the microhardness testing (See section 3 .1.2.2). The enamel surface was cleaned very 

lightly with a slurry of pumice flour, rinsed with water, and examined under a stereo-microscope 

(magnification of 20 times) (Wild Light Microscope. WILD HEERBRUGG®, Switzerland) for 

any observable defects. Only sound, enamel areas without observable defects were used in the 

study. Teeth with fluorosis were excluded. 

For the testing of microhardness of enamel, the crowns of twenty-one human permanent incisors 

were brushed with warm detergent solution, washed with distilled water and air-dried. These 

erupted incisors were obtained from adult patients ofDental Faculty Clinics. These adult patients 

came in for routine dental treatment. Only teeth that were sound and without any physical or 
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aesthetic defects were included in the study. The root of each tooth was cut off by means of a 

circular diamond disc saw (Stuers Minitron, Copenhagen, Denmark). Each crown was embedded 

in epoxy resin and positioned with the buccal bulge exposed above the level of the liquid resin. 

After the resin had set, the buccal aspects of the crowns were gently ground on a Masterserv® 

polishing machine, firstly with a 600-grade and finally with a 1200-grade silicon carbide paper. 

Using the same procedure as above additional crowns were prepared with exposed enamel tooth 

blocks for SEM (see section 3 .3 .2.2.1) and Confocal Laser Scanning Microscopy (CLSM) studies 

(see section 3 .3 .2.3 .1 ). With the aid of a diamond cutter, twenty-one rectangular blocks (3mm x 

3 mm x 3 mm) of enamel samples respectively were cut from the undamaged exposed enamel 

crowns. Enamel surfaces of the rectangular blocks were ground even, with 600 and 1200 silicon 

carbide paper, respectively. The specimens were rinsed in distilled water and dried in air and 

checked under a stereomicroscope in order to choose sound and even surfaces for the experiment 

3.3.2.1.1 Microhardness Test 

Three experimental groups, each containing seven enamel tooth blocks, were allocated to and 

immersed in either of the three different types of wines and gently agitated for 2, 5, 15, 30, 45 

and 60 minutes in 20 ml of the respective wines at 20° C. For duration, zero minutes, seven of 

these blocks were not agitated in wine (unexposed) and served as controls. Knoop hardness tests 

were performed with a Leitz Wetzlar® microhardness tester using a Vickers diamond with a load 

of 1 OOg applied for 30 seconds. From the depth of each diamond indentation the Knoop hardness 

values were calculated. After immersion in the wine, each tooth was placed on a rotating table of 

a microhardness tester and three indentations were made (the individual readings where within 

5% of the average value). A positioning device designed to orientate slabs allowed parallel 

indentations. From the depth of each diamond indentation the Knoop hardness values were 

calculated. Enamel microhardness (EMH) was determined (assuming that net change in hardness 

is directly related to mineral loss (Kodaka et al, 1992) by measuring the indentation along the 

vertical and horizontal axes included in the Hardness Number formula. The mean of the two 

readings was used. Readings were taken at baseline (time zero, control), and then after two, five, 

fifteen, thirty, forty-five and sixty minutes. 
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3.3.2.2 Scanning Electron Microscope (SEM) Investigation 

A Scanning Electron Microscopy (SEM) was used to make a qualitative assessment of the 

surface structure of enamel after exposure of enamel blocks to Wine One; Wine Two and Wine 

Three for three different times: 2, 30 and 60 minutes (See Table 3.4 for wine characteristics). 

3.3.2.2.1 Specimen Preparation for SEM 

Tooth blocks were prepared as explained in an earlier section (See section 3 .3.2.1 ). A tiny groove 

was made on the side of the enamel blocks for identification purposes (Fig. 3.1 ). Twenty-one 

enamel blocks were rinsed in distilled water after which they were randomly selected and placed 

in three different wine groups: Wine One, Wine Two and Wine Three. The enamel specimens 

were stored in distilled water in a sterile, sealed plastic container to keep them moist and to 

prevent drying of the enamel. The enamel blocks were removed from the sealed containers, air 

dried and coated with nail varnish or Duraphat on either side. Nail varnish (Xpress Finish. 

Maybelline, New York, USA) was painted on the grooved side of each enamel specimen (Figure. 

3 .1) to serve as control surface. Duraphat was painted on the opposite side of the side painted 

with nail varnish to explore the influence of fluoride on the enamel surface after exposure to the 

wines. This part of the study (influence of fluoride) was not pursued further as it did not fit in 

with the main aim of the investigation. The centre portion of the enamel specimen was left 

untreated (Fig. 3.1) so as to expose it to the wine. Each enamel block was immersed in 20 ml of 

Wine One, Wine Two or Wine Three at 20°C respectively, and continuously agitated at a low 

speed in a vibrating machine (STUART FLASK SHAKER Staurt Scientific Co. Ltd.) for times 

of2, 30 or 60 minutes. The enamel specimens were then removed from the wine and rinsed with 

distilled water. Nail varnish and the Duraphat were gently removed with a scalpel Swan Motor, 

Surgical Blades No. I 0, (Sheffield S6 2BJ England). The specimens were rinsed with distilled 

water, placed in a desiccator within a vacuum flask for 24 hours at - 2 Bar. 
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Figure 3.1 
Illustrating A: Duraphat; B: Exposed enamel; C: Nail varnish; D: Groove. 

Detailed description: 

The enamel blocks were mounted on aluminium stubs with carbon glue containing graphite 

powder and then sputtered with Gold Palladium. Each stub was marked according to type of 

tooth specimen and wine as specified in the figure title and viewed with a Leica Steroscan 440 

SEM at lOkV. They were then examined in the LEO S440 scanning electron microscope using 

lOkV electrons. Images were recorded using the secondary electron detector and stored on a 

compact disc. Microphotographs were taken at different magnifications 85 to SOOOX. 
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3.3.2.2.2 Examples, Grading and Terminology for SEM 

The following set of micro photographs is provided as examples and to illustrate the grading 

system (Fig. 3 .1 to Fig.3 .2c ). The terminology used is also explained in this section. A 

qualitative assessment was done of the surface structure of the tooth blocks. A modified 

observational grading system developed by Addy, Absi & Adams (1987) and Meurman, 

Harkonen, Naveri, et al (1990) was used to assess the presence, absence and degree of erosion. 

The grading system used was Grade 0 = no erosion observed, smear layer is still intact, grooves 

caused by sandpaper clearly visible (Fig 3.2a and Fig 3.2b); Grade 1 =grooves no longer clearly 

visible, diffuse pitted surface observed (marked by a capital Bin Fig 3.2c); 2 =definite erosive 

lesions seen, honey-comb patterns start appearing (marked by a capital C in Fig 3 .2c ); 3 = 

honeycomb patterns clearly visible, clear large and deep erosive lesions seen (marked by a capital 

Din Fig 3.2c). 

,.for purposes of control, one enamel block was not treated with wine (Fig 3.2a) and another 

specimen was treated with citric acid for 2 minutes (Figure 3 .2b ). After the two experienced 

examiners (the author and RoelofRossouw) inspected the tooth surfaces they reached consensus 

on the appearance of the dental blocks. Furthermore, it was unknown to them whether or for 

what period the enamel were exposed to wines. 
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Figure 3.2a 
Untreated enamel. An example of Grade 0 erosion. A shows blade cut marks and B bacteria. 

Detailed description: 

For purposes of control one enamel block was not treated with wine (Fig.3 .2a). No erosion is 

observed, blade cut marks clearly seen (A). This is an example of no erosion which is graded at 

0. The smear layer is intact and the bacteria clearly seen (B). 
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Figure 3.2b 
Enamel treated with Citric acid for 2 minutes. A shows grooves and bacteria. 

Detailed description: 

For purposes of control one enamel block was treated with citric acid for 2 minutes (Fig. 

3.2b). The smear layer is intact. This is an example of Grade 0 equalling no erosion. The 

smear layer is still intact. Grooves caused by sandpaper are seen and bacteria are clearly 

visible (A). 
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Figure 3.2c 
With this photo the grading system is illustrated on eroded enamel. Duraphat/Wine. A,B, 
C and D describes the various grades of erosion. 

Detailed description: 

The photo in Fig. 3.2c is taken at the interface of enamel exposed to wine for 30 minutes 

and enamel covered with Duraphat. On the left is the untreated area covered with 

Duraphat and on the right is the area treated with wine. A: Grade 0 = no erosion 

observed; B: Grade 1 =grooves no longer clearly visible, diffuse pitted surface observed; 

C: Grade 2 =definite erosive lesions seen, honeycomb patterns start appearing; D: Grade 

3 = honeycomb patterns clearly visible, with clear large and deep erosive lesions seen. 

Due to the unevenness in the application of the Duraphat on the enamel a vague 

demarcating line was observed between treated and untreated enamel and therefore the 

grading patterns were observed as illustrated above. 
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3.3.2.3 Confocal Laser Scanning Microscopy (CLSM) Investigation 

In the current study confocal laser scanning microscopy was used to make a qualitative and 

quantitative assessment of the prevalence and extent of any changes on or below the surface of 

the enamel exposed to different wines over varying time periods. 

3.3.2.3.1 Tooth Specimen Preparation for Confocal Laser Scanning 

Twenty-eight enamel tooth blocks were prepared as explained earlier (section 3 .3 .2.1 ), sonicated 

and randomly allocated to one of the four experimental groups. Additionally, the two sides of 

each tooth block were covered by plastic adhesive tape (3M®) with the central area of enamel 

remaining exposed (Figure 3.3). Each experimental group contained seven teeth and these were 

allocated to and immersed in either of the two different types of wines. Only Wines One and 

Two were chosen in the CSLM on account of time and financial considerations. Each of the 

specimen enamel tooth blocks were individually exposed and gently agitated continuously for 5 

or 30 minutes in the 20 ml of the respective wines at 20° C. A comparative study was conducted 

of seven enamel tooth blocks exposed to the two different types of wines (treated tooth blocks) 

and seven control tooth blocks (not exposed to the wines for similar times). 

Figure 3.3 
Specimen preparation for CLSM The two sides of the tooth block were covered by 3M tape and 
the central part exposed to wine. 
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Each tooth was subjected to optical sectioning through the identified subsurface lesion, followed 

by image analysis in order to do a 3D reconstruction and density analysis of the lesions related to 

mineral and calcium loss. Depth and extent of subsurface lesions were assessed. The areas 

covered by tape acted as controls. 

3.3.2.3.2 Sites of Study 

Confocal studies were done at two sites namely: 

1. Confocal Laser Scanning Facility, Medical Research Council, Parow Valley, South Africa 

2. Meyer Zall Laboratories, North Campus, Saasveld, George, South Africa 

Microscopy: 

Two confocal laser scanning microscopes were used in this study; a Zeiss 41 OLSM, with inverted 

microscope equipped with Ominicrom Krypton/ Argon laser and a Nikon PCM2002 with an 

inverted Nikon Eclipse 300 microscope, equipped with Spectra Physics Krypton/Argon and 

Helium/Neon lasers. The following objectives were used - Plan Apo 60x/1.4 Oil DIC H; Plan 

Fluor/O. 75 DIC M; 1 Ox/0.25 and 4x/0.1. Confocal images (micro graphs) were digitally captured 

via photo-multipliers. Real time micro-imaging was done by either the Nikon DMX video 

camera system or the low light Nikon Coolpix 950. Depth studies were obtained by using a 3D 

scanning head in combination with a depth z-step drive. 

Fluorescent labelling: 

All fluorophores used were obtained from Molecular Probes, Holland or (241 50 00) SAARCH 

(Pty) Ltd. 

Visualization of teeth: 

Rhodamine B (lot no 2111-12), a laser dye (Sigma, 1991, page 893) and Fluo 3, a laser dye, 

(Sigma, 1991, page 430) were used to monitor mineral loss and Ca loss respectively. 

Fluorescein, (Sigma, 1991, page 431) in combination with reflected light, was used 

predominantly to enhance tooth surface characteristics. Excitation of fluorophores by laser was 

50 

Stellenbosch University  https://scholar.sun.ac.za



at 475nm or 488nm (green channel) for Fluorescein whereas excitation of 565nm or 568nm (Nile 

red) and will only emit fluorescence at 568nm if it is associated with lipid-based molecules. 

Teeth were incubated with fluorophore for 24 hours at room temperature. After incubation, they 

were rinsed with water and subjected to Confocal Laser Scanning Microscopy (CLSM) and 

subsequently kept in a dark place and covered in swabs soaked in water. Teeth were submerged 

with final concentration of the fluorophores : 

1. Fluorescein diacetate (stock 1.6mM, Lot no. G9F - 5016) 

2. Fluor 3 (0. lmg/ml stock Fl 240 - F14240) 

3. Rhodamine B (O. lmM stock in Dimethyl Sulphoxide, [DMSO]; Lot no 2111-12) -a yellow 

and orange probe profile ofR6 (rhodamine B hexyl-ester chloride, Molecular Probes), a short 

chain carbocyanine dye. 

Each specimen was place in a microfuge tube with the surface facing upwards and immersed in 

fluorophor stock solution of the undiluted concentrations. 

Sample preparation for Confocal Laser Scanning Microscopy (CLSM). 

Each tooth specimen (approximately 3x3mm) was applied to a 15mm thin coverslip in a flow 

cell. The flat surface of tooth was gently placed squarely onto the coverslip with the surface 

facing the layered product. 

Visualisation of Penetration: 

Samples were generally incubated at ambient temperature for 30 minutes, after which z-scans 

(depth as opposed to length or width on the x and y-axis) were performed by Confocal Laser 

Scanning Microscopy (CLSM) to visualize surface and subsurface lesions of the teeth. Before 

fluorescence measurements are commenced, teeth were washed in indicator-free water to remove 

any dye that is non-specifically associated with the cell surface to allow complete destaining of 

aspecific stains. Scan settings are determined by the fluorophores used and the purpose of the 

investigation. Laser output was attenuated with neutral density filters to between 3 and 40% so 

that, after accounting for losses in the optical train of the microscope, the power at the surface of 

the tooth estimated to be between 2 and 28 mW. Power at the focal point is harder to estimate 

because of absorption by the tissue but will be lower than these values, depending on the depth of 
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1magmg. In this investigation, samples were scanned, starting from the surface of the tooth, at set 

intervals. Quantification of the intensity of emitted fluorescence reflects the amount of active 

labelled compound that penetrated the tooth to the specific depth analysed. 

Image Processing: 

In some cases, the noise inherent in the acquired images was reduced by applying a low-pass or 

neutral density filters to each image. Final preparation of images, including adjustments in 

brightness and contrast, was conducted with Adobe Photoshop (Adobe, Mountain View, CA). 

Three-D reconstructions of subsurface lesions were produced by using the 3D software 

PCM2002 developed by Nikon. The real-time renderings produced were recorded as grids by 

using Nikon PCM 2002. Palette mapping functions in Adobe software were also used to enhance 

the contrast of rendered volumes. 

Although the colours shown in the figures are similar to the "true" colours of probe fluorescence, 

they are digital reconstructions. Excitation of fluorescence in double-labeled samples stimulates 

a broad spectrum. This spectrum of fluorescence is split into three channels, centered at 565, nm 

and R( which are then collected in separate photomultiplier tube detectors. These three channels 

displayed as pure red, green, and blue, respectively, are then recombined in the colour images. 

The blue channel was not used. In some cases, the contrast and brightness of each colour was 

further adjusted for clarity. The green in images represent the FITC-derived green fluorescence, 

and red images represent the Rhodamine red fluorescence. Colocalization of structures 1s 

represented by the yellow colour in the images of double-labeled samples. 

Because the output to the photomultiplier tubes was adjusted differently for each experiment, the 

hue of specific objects in the images varies slightly between experiments. For example, the 

reflected light or auto fluorescence of the sample may appear more reddish or yellowish, 

depending on how the photomultiplier settings for the "red" and "green" channels are adjusted. 
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Pilot Studies on Confocal Laser Scanning Electron Microscopy (CLSM) 

The erosion was not always uniform and most of the times it was patchy. Because of non

uniformity it was not possible to determine the valid average depth or volume of erosion. 

Therefore after the pilot investigation the qualitative part of CSLM was abandoned. Morphology 

of surface lesions was examined and recorded in eroded and non-eroded areas. Depth of erosion 

of surface lesion (stripping effect) was described. 

Examples of Grading for the CLSM 

The following set of microphotographs is provided as examples and to illustrate the grading 

system used for CLSM for the purpose of illustrating the extreme cases. The presence of 

subsurface lesions was documented. Formation of holes formed in subsurface areas is 

documented. It seems that erosive agent exploits defects in surface area of enamel and seems to 

exploit and pursue weakest part giving rise to holes under the surface of enamel. Presence of 

Ca++ seems to inhabit tooth loss area- examples of these are offered. 
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Figure3.4 
Non Eroded Enamel 

Clarification of above figure: 

The above figure (Fig.3.4) is an example of confocal microphotography of enamel that is not 

eroded (Grade 0). The yellow, indicative of reflected light, is represented by A. There is no 

disruption of the surface of enamel on account of erosion. The grooves on enamel caused by 

silicon carbide paper during the preparation of teeth specimen are clearly visible (B). The smear 

layer (dark areas) is also observable (C). 
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Figure3.5 
Non-Eroded Enamel. 

Detailed description: 

Normal enamel is seen under confocal microscopy (A) in Fig 3.5. The yellow colour is an 

indication of reflected light (B). Grooves clearly visible. Disruption of surface enamel 1s 

minimal. In this example the smear layer was not clearly distinguishable. 
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Figure3.6 
Grade 3 Erosion in Enamel. 

Detailed description: 

Definite honeycomb patterns are seen (A) in Fig 3.6. lbis is an example of erosion in enamel. 

Red lining is indicative of calcium lining (B). Big red patch is indicative of a "hole filled with 

Calcium" dissolved from apatite (C). 
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3.3.2.4 Selection of Wines 

Twenty-seven different samples of wines frQm the three categories, Wines One, Two and Three, 

were obtained from the winemaking concern at the Bergkelder. The different wines were made 

from a cross section of larger tanks from which it is bottled. The wine-makers taste the different 

wines while it is in the tanks and this is referred to as base wines. Complete information 

detailing the chemical composition in terms of their acids (citric acid, tartaric acid, maleic acid 

and lactic acid) pH, alcohol content, total acid, volatile acid, and reducing sugars were obtained 

for the 27 wines. Three wines were selected for the experiment (Table 3 .4). They were selected 

to fit in the low (Wine One), medium (Wine Two) and high (Wine Three) price categories and 

also to have as far as possible the different concentrations in the above-mentioned acids, total 

acid and pH values. 

Table 3.4 
Chemical Composition and Characteristics of the three wines used in the experiment. 

Sample 
Citric Acetic Ma lie Lactic 
acid acid acid acid 
(g/I) (g/I) (g/I) (g/I) 

Wine 1 0.42 2.00 2.36 0.15 
Wine 2 0.38 1.16 1.32 1.81 
Wine 3 0.37 1.15 0.59 3.84 

Wine 1 Chardonnay, Fleur du Cap (1997 vintage) 
Wine 2 Sauvignon Blanc, La Motte (1998 vintage) 
Wine 3 Chardonnay, Drostdy-Hof (1998 vintage) 

3.3.2.5 Statistical Methods Applied 

Reducing Total Volatile Alcohol sugars acid acid 
(g/I) (g/I) h1/I) Vol.% 
2.0 7.0 0.3 13.0 
1.8 3.6 0.5 13.4 
1.6 6.1 0.6 13.9 

pH 

3.2 
3.7 
3.8 

,The data was recorded in the Excel® Spreadsheet Package according to a questionnaire and 

separate sections for the biographical information as well as the dental status of the subjects _ 

working in the wine industry and the control subjects. Furthermore an experiment was 

performed to study the influence of three distinct wines on the teeth hardness, and the results 

were documented in a similar fashion. 
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Descriptive statistical measures were calculated for the independent groups: The subjects 

working in the wine industry (e.g. mostly wine-tasters) and a group of control subjects not 

working in the wine industry. The descriptive statistical measures included means, medians, 

standard deviations and in some cases non-parametric measures such as the inter-quartile range 

for the interval-data. During this process possible errors in the raw data (and logical errors that 

might have occurred in the nominal data) were detected and corrected. 

Due to the small sample size, distributional difficulties and the high number of ordinal and 

nominal measurements, non-parametric statistical techniques were the method of choice for most 

of the analyses. Inferential deductions were made from the information collected from the study 

group and the control group by means of a comparison of the medians using the non-parametric 

Wilcoxon Ranked Test. In cases where the assumptions of this test were not satisfied, a Median 

test was employed. 

Registration of project, Ethical Requirements, Finance and Budget 

The studies were approved and registered by Subcommittee C of the Research Committee of the 

University of Stellenbosch, including the ethical aspects thereof. The research projects namely 

are registered as: 

1. The Oral Health status of wine-makers in the Western Cape (Project Number: 99/011) 

2. Erosive potential of wine on permanent human dentition- an in vitro study (Project Number: 

99/118}. 
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CHAPTER4 

EPIDEMIOLOGICAL FINDINGS 

In this section of the results, the findings of the epidemiological aspects of the study 

are reported. A clinical examination was conducted of: 

(i) hard tissues to determine prosthetic status, fluorosis score, staining on teeth 

(presence or absence) caries using the DMFT and DMFS measures (WHO, 

1987), and 

(ii) soft tissues - recording of oral mucosal lesions (WHO, 1987). 

A general, medical and dental history was also obtained from the participants. 

Photographs were taken of those participants who have been clinically identified as 

having erosion, to compare the photographic and clinical findings. The salivary flow 

rate, buffering capacity and pH was also measured using Dentobuff ®. 

4.1 EPIDEMIOLOGY 

4.1.1 Sample 

This component of the results includes the gender distribution, demography and 

general history of the study population in terms of exposure to wine in their 

workplace. 

4.1.1.1 Gender Distribution 

The study sample is tabulated in terms of gender and exposure to wine-tasting in 

Table 4.1. 

Stellenbosch University  https://scholar.sun.ac.za



Table 4.1 
F bl requency ta d" d e accor mg to gen er an d exposure group 

Gender 
Exposure Group Male Female Total 

Exposed 18 3 21 
Non- exposed 3 12 15 
Total 21 15 36 

Thirty-six persons, twenty-one wine-makers and fifteen of their spouses participated 

in this section of the study. Fifteen of the wine-makers had partners and the rest did 

not have any spouses. Of the fifteen matched pairs only three were female wine

makers as the occupation is the traditional preserve of males. It was assumed that the 

fifteen wine-makers, who had spouses, were approximately matched (statistically) in 

respect to diet, living conditions and age. The main dilemma with such a distribution 

is that it is difficult to show differences between the exposed group (cases) and the 

non-exposed group (control) within the males (or females) due to the highly 

unbalanced subgroups namely eighteen versus three in the exposed group and three 

versus twelve in the non- exposed group. What should also be borne in mind is that it 

is possible, when comparing only the male-exposed to the female-non-exposed group, 

that differences in risk factors and/or dental characteristics could arise partially from 

gender differences. It is commonly accepted that males consume more alcohol 

containing drinks than females (Parry, Bhana, Myers, et al, 2002). Ideally one plans 

for homogeneous subgroups, different only with respect of exposure to the risk factor. 

In this study there is a gender difference in the sample within the exposed and non

exposed subgroups. A possible solution to the absence of comparable subgroups 

within the sample is to perform the statistical analysis within the gender groupings, 

but this gives rise to highly unbalanced groups: namely it is problematic statistically 

to compare the male group of eighteen exposed to the three non-exposed individuals 

and for the female group, three exposed and twelve non-exposed individuals. When 

small groups, like the preceding group of three individuals, are compared to other 

samples, it results in extremely low statistical power. To circumvent the problem, in 

part, the eighteen exposed males were compared in most cases to the twelve non

exposed females. Descriptive statistics are provided for all four instances exposed 

and gender groups and the total sample. Within the aforesaid limitations the 

inferences drawn in the study are based mostly on the exposed male and non-exposed 

female groups. 
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One may question the method of analysis as a cross-sectional study (of independent 

groups) as opposed to paired comparisons as it was originally designed. One of the 

reasons for not employing a paired analysis was that six individuals would have to be 

excluded if that method of analysis were pursued. It could be argued that one could 

only focus on the fifteen matched pairs and embark on a dependent form of analysis. 

The benefits of using a cross-sectional approach, however, are that the analysis will 

contain a larger group (36) compared to 30 individuals, thus increasing the power of 

the test statistics. Another problem is that within the matched pairs, the individuals' 

histories and backgrounds were of such a nature that it did not represent a truly 

matched background, as individuals in most paired groups were living totally apart for 

two decades or more before they were married or started living together. Twelve of 

the paired groups were exposed males living with non-exposed females, whereas three 

exposed females were living with non-exposed males. This constitutes an unbalanced 

composition of gender within the two groups. 

4.1.1.2 Demography 

Table 4.2 provides an outline of the demographic descriptive statistics of the total 

group with respect to age, male and female, and the exposed and non-exposed groups, 

marginally as well as jointly. 

Table 4.2 
Descriptive statistics of age according to gender and group (exposed/non-exposed) 

Group Male Female !Total group 

E>eposed Frequency 18 3 21 
Average 40.83 29.00 39.14 
Standard Deviation 9.15 6.08 9.64 
Minimum 26 25 25 
Maximum 53 36 53 

Non-e>eposed Frequency 3 12 15 
Average 33.33 41.17 39.60 
Standard Deviation 7.10 7.61 7 .95 
Minimum 27 28 27 
Maximum 41 52 52 

Total age frequency (e>eposed & non-e>eposed) 21 15 36 
Total average 39.76 38.73 39.33 
Total Standard Deviation 9.13 8.73 8.86 

Total Minimum 26 25 25 
Total Maximum 53 52 53 
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Only the main features of the table will be discussed here. The average age of the 

males in the exposed group was seven years more than in the non-exposed group. 

The difference in the females was in the other direction in that the exposed females 

were approximately eleven years younger. No explanation can be offered for this 

phenomenon that has its source in the sampling process. All wine-makers and their 

spouses from the institution were included and co-operated in the study. The 

variation in the age distribution of the sample can plausibly give rise to possible 

differences in the exposed/non-exposed subgroups, as teeth are usually markers of 

pathology over a period of time. For example the DMFT normally increases wi~h age. 

This study was designed in such a way that there were two distinct groups, namely, 

exposed to wine through their career as wine-makers, the other group much less 

exposed usually by being married to one of the wine-tasters. A major intervening 

factor is gender (unknown), probably due to different dietary and I or dental hygiene 

habits. 

In this study the male non-exposed only consists of three cases and the female 

exposed cases were only three. Two homogeneous groups of reasonable size for · 

statistical analysis are to be found in this sample, namely the male cases comprising of 

eighteen exposed individuals and the female non-exposed that were twelve in number. 

To provide greater statistical power all the results are presented for exposed and non

exposed groups and an additional classification are introduced in which the exposure 

and gender factors will be combined. 

4.1.1.3 General History 

Information on the work history, drinking habits, dietary habits, smoking history and 

oral hygiene habits is provided in this component of the results. 

Please note that two of the participants in the sample did not fill in the general history 

questionnaire, one male case and one female non-exposed. Thirteen (13) participants 

were married (twenty-six participants in total), six were unmarried and two were 

single. 
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4.1.1.3.1 Work History 

Most of the males exposed were wine-makers or assistant wine-makers. A few (6) 

wine-tasters were also wine-buyers. The mean years in present employment in the 

wine industry as wine-makers was 8.2 years (minimum 1 year, maximum 25 years; 

this results in a large SD). The female non-exposed were employed in non-wine 

related areas and the mean average of their employment was 9.2 years. Three female 

participants, and wine-makers with a relatively short work history, were in the 

exposed group. (See next paragraph for details). 

4.1.1.3.2 Drinking or Tasting Habits 

Everyone in the sample consumed alcohol except for one individual, a teetotaller, who 

was in the female non-exposed group. There was a large variation in terms of social 

drinking habits in respect of the type, frequency and amount of alcohol consumed 

within the sample as a whole and within the different subgroups. 

The tasting habits of individuals from the exposed group were elicited with questions 

related to how often wine-tasting was carried out, how many times it was done, how 

long wine was kept in the mouth, whether wine was spat out before, during or after 

tasting, and if any rinsing or brushing was performed after tasting. About fifty 

percent of wine-tasters indicated that they were engaged with daily tasting (11/21) and 

a third reported doing so on a weekly basis. Twelve out of twenty-one individuals 

reported tastings of fifty per day, and four of up to 150 per day. One person said he 

did tastings of more than 150 per day. Seventy percent of wine-makers kept wine in 

their mouths for approximately ten seconds and thirty percent kept it in their mouths 

up to 20 to 30 seconds. All the wine-tasters spat out the wine after tasting. All, 

except one did not rinse after a tasting. Almost all rinsed with water. None of the 

sample reported that they brushed their teeth immediately after wine-tasting. Only 

one of the participants ate before tasting, while most ate after a tasting. About sixty 

percent ate in between tastings. The food eaten was mostly crackers, cheese or bread. 

4.1.1.3.3 Diet 

The participants completed a 7-day food diary. All had nutritionally well balanced 

diets with low sugar content and an intake frequency of 4-5 times a day. Generally 
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fruit and especially citrus fruit intake was reported by most of the participants. 

Almost all the subjects usually drank wine with their dinner. 

4.1.1.3.4 Oral Hygiene Habits 

All subjects reported good oral hygiene habits in terms of brushing (mostly at least 

twice a day), low sugar intake, infrequent snacking and regular visits to a dentist. 

Only one wine-taster was alerted by his dentist to the possibility of dental erosion on 

account of his occupation. 

4.1.3.5 Smoking 

Respondents were questioned on their smoking habits. The results are summarised i.n 

the table below. The smoking habit was recorded because smoking influence the 

dental hard tissues with staining. 

Table 4.3 
Smoking habits of the sample 

Males Smoke 

GROUP Data Yes No Total 

Exposed Frequency 3 15 18 

Row percentage 17% 83% 100% 

Column percentage - 88% 86% 

Non-exposed Frequency 1 2 3 

Row percentage - 67% 100% 

Column percentage - 12% 14% 

Total frequency 4 17 21 

Total row percentage 19% 81% 100% 

Females Smoke 

GROUP Data Yes No Total 

Exposed Frequency 1 2 3 

Row percentage - 67% 100% 

Column percentage - 18% 20% 

Non-exposed Frequency 3 9 12 

Row percentage 25% 75% 100% 

Column percentage - 82% 80% 

Total frequency 4 11 15 

Total row percentage 27% 73% 100% 

One out of four of the non-exposed females reported a smoking habit, compared to 

seventeen percent of the male exposed group. These two rates do not differ 

significantly. It is of interest to note that three out of four of the female non-exposed 
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group reported no history of smoking compared to eighty-three percent of the male 

exposed group who did not smoke. 

4.1.2 Oral Health Status 

The assessment of oral health status included an investigation of the extra-oral area, 

fluorosis, prosthetic status, oral mucosa! lesions, plaque, salivary, staining on teeth, 

decayed, missing and filled teeth and tooth surface loss. Results of the oral health 

status are presented in this chapter except for the results on tooth surface loss, which 

is reported in Chapter 5. 

Epidemiological results on oral health status will be presented as frequencies and 

percentages. In general, discussions will be started with locality parameters (mean, 

median and mode) followed by measures of dispersion (standard deviations and inter

quartile ranges) in subgroups. In most cases the discussion will be concluded with a 

summary of statistical associations and/or correlations and in some cases, where 

necessary, substantiation will be done with bivariate scatter plots. 

4.1.2.1 Extra-oral Examination 

The extra-oral examinations were largely not noteworthy. There were also no 

differences between the different subgroups. 

4.1.2.2 Fluorosis 

Fluorosis only occurred among three individuals all of whom were mild to moderate 

and occurring only in the male exposed group. 

4.1.2.3 Prosthetic Status 

Nobody had any removable prosthesis either upper or lower. 
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4.1.2.4 Oral Mucosa 

Oral mucosal lesions were examined for in terms of the key below: 

KEY to oral mucosal lesion 
O = no abnormality 3 = erythroplakia 6 := acute necrotising ulcerative gingivitis 

1 = malignant tumour 4 = lichen planus 7 = candidiases 

2 = leukoplakia 5 = ulceration 8 = /eukokeratosis nicotina palatini 

9 =other 

The results of mucosal lesions are summarised in the table below. 

Table 4.4 
Oral Mucosal lesions by treatment/gender groups 

Oral Mucosal Lesions Total 

GROUP 0 2 3 7 8 9 

Male Exposed 3 1 1 0 2 11 18 

Male Non-exposed 1 0 0 0 0 2 3 

Total for Males 4 1 1 0 2 13 21 

Female Exposed 0 0 0 0 0 3 3 

Female Non-exposed 5 1 0 3 0 3 12 

Total for Females 5 1 0 3 0 6 15 

No differences were found with exposed and non-exposed groups in terms normal and 

abnormal conditions. Abnormal conditions occurring were mostly leukoplakia, 

erythroplakia, candidiases, leukokeratosis, nicotina palatini and conditions classified 

as other (solar keratosis and geographic tongue). The differences between the male 

exposed cases and female non-exposed controls were non-significant. Most of the 

conditions in the exposed group were on account of solar keratosis. It is expected that 

this would occur more in males since they are frequently exposed to the sun. 

4.1.2.5 Plaque Index 

The results of the plaque index (PI) are summarized in Table 4.5. Only three 

individuals each were in the male non-exposed and the female exposed and these 

groups were therefore omitted from the table below for reasons explained earlier (see 

paragraph 4.1.1.1 Gender Distribution). 
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Table 4.5 
Frequency of Plaque Index in male exposed and female non-exposed groups 

Pl= 0 Pl> 0 
Male exposed 5 13 
Female non-exposed 7 5 
Total 12 ·1a 

The table shows a tendency for the plaque index to be more than zero in the male 

exposed group and that the PI is low within the female non-exposed group . This is 

not statistically significant. 

4.1.2.6 Saliva Analysis and S. mutans and Lactohacillus Counts 

Unstimulated and stimulated salivary flow was measured as ml of saliva per minute. 

S. mutans counts and Lactobacillus counts were measured in Colony Forming Units 

(CFU) per ml of saliva. The results of salivary studies are summarised below. 

4.1.2.6a Unstimulated Salivary Flow (USF) 

Unstimulated salivary flow was measured as ml of saliva per minute. The following 

scores were used. Grade 1(Normal)=>0.25; Grade 2 (Intermediate)= 0.1-0.25 and 

Grade 3 (Low) = <0.1. An analysis of the salivary flow showed that there were no 

differences between exposed and non-exposed groups for unstimulated salivary flow 

(USF). In the male exposed group only one individual had a low unstimulated 

salivary flow (Grade 3). Two individuals of the female non-exposed group had an 

USF different from normal, one with Grade 2 and one with Grade 3. The male non

exposed group comprised of three individuals with normal USF. In the female 

exposed group one individual had a Grade 2 USF. 

4.1.2.6b Stimulated Salivary Flow (SSF) 

Stimulated salivary flow was measured as ml of saliva per minute. The following 

scores were used. Grade 1(Normal)=>1; Grade 2 (Intermediate)= 0.7 -1 and Grade 

3 (Low)= <0.7. The results of the SSF are summarised in the table below. 
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Table 4.6 
Comparison of stimulated salivary flow in exposed and unexposed groups 

Stimulated Saliva Flow 

K3ROUP Grade 1 I Grade 2 I Grade 3 Total 
Exposed, Males 11 2 5 18 
Percentage "1" 61.1% 

Non-exposed, Males 2 1 3 

Exposed, Females 3 3 

Non-exposed, Females 4 5 3 12 
Percentage "1" 33.3% 

Total 17 I 11 I 8 36 

In respect of stimulated salivary flow the males had twice as many individuals with 

normal SSF than females. Males had slightly, insignificantly lower SSF than female 

non-exposed. 

The influence of salivary flow, both stimulated and unstimulated, on Tsl was studied. 

No obvious influence of salivary flow on Tsl could be observed. 

4.1.2.6c S. mutans and Lactobacillus Count 

S. mutans Counts were measured in CFU (Colony Forming Units) per ml of saliva. 

The following scores were employed: Grade 1 (no risk) = < 105
; Grade 2 (moderate 

risk)= 105 
- 106

; Grade 3 (high risk)= 106 
- 107

; Grade 4 (very high risk)= 101
· 

The Lactobacillus Counts were measured in CFU (Colony Forming Units) per ml of 

saliva and the results were scored as: Grade 1 (no risk)=< 105
; Grade 2 (slight risk)= 

02 
- 103

; Grade 3 (moderate risk)= 103 
- 104

; Grade 4 (marked risk)=> 104
· 

The results of the S. mutans and Lactobaccillus counts are summarised in the tables 

below. 
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Table 4.7 
S. mutans and Lactobacillus Counts classified according to Colony Forming Units 
(CFU' s) per ml of saliva for the complete sample. (The convention for tables 
throughout this dissertation was to leave cells empty when there were no observations 
in the cells). For this table an exception was made. 

Frequency of CFU Grades S. mutans 

Lactobacil/us 1 2 3 4 Total 

1 16 2 0 0 18 

2 3 0 0 0 3 
3 3 1 0 0 4 
4 8 2 1 0 11 

Total 30 5 1 0 36 

The most important deduction that can be made from the above table is that the 

Lactobacillus exhibits a U-shaped distribution, that is a high number ofindividuals at 

the lower end of the scale and a high number of individuals at the maximum of the 

scale. Between these a relative number of few individuals are found for the Scores 2 

and 3. Most of the individuals have low risk with a low S. mutans count. Those with 

high scores of Lactobacillus counts show a higher probability for the presence of S. 

mutans at Scores of2 and 3. 

Table 4.8 
S. mutans and Lactobacillus Counts classified according to Colony Forming Units 
(CFU's) per ml of saliva for the male exposed group 

Frequency of CFU Grades S. mutans Total 

Lactobacil/us 1 2 3 

1 8 2 10 
2 2 2 
3 0 
4 3 2 1 6 

Total 13 4 1 18 

The same U-shaped distribution can be observed for the counts of Lactobacillus. 
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Table 4.9 
S. mutans and Lactobaci/lus Counts classified according to Colony Forming Units 
(CFU' s) per ml of saliva for the female non-exposed group 

Group Non-exposed 
Frequency of 

S. mutans 
CFU Grades 
Lactobacil/us 1 2 Total 

1 4 4 
2 1 1 
3 2 1 3 
4 4 4 

Total 11 1 12 

A similar U-shaped distribution is observed for the counts of S. mutans. No 

differences were found for the male exposed and female non-exposed with respect to 

the distribution of S. mutans and Lactobacilli counts. 

The influence of "no" and "marked" risk of Lactobaci/lus and Streptococcus mutans 

were investigated on Tsl and no obvious differences could be observed within the 

different ordinal classes of the two bacteria. 

4.1.2. 7 Staining 

Staining of teeth among wine-makers was compared within the various exposed (or 

not) and gender groups. No staining was recorded for five individuals in the total 

sample of whom four were females. There were no statistical differences between 

exposed and non-exposed groups. The lack of difference between these groups may 

be due to sample size restrictions. Summaries of descriptive statistics on staining are 

contained within tables below. 

70 

Stellenbosch University  https://scholar.sun.ac.za



Table 4.10 
Staining score according to gender and exposure group 

GROUP Males Females Total 

Exposed Frequency 18 3 21 
Average 12.62 5.93 11.66 
Standard Deviation 9.84 6.60 9.61 
Minimum 0 0 0 
Maximum 30.86 13.04 30.86 

Non-exposed Frequency 3 12 15 
Average 11 .83 6.19 7.31 
Standard Deviation 7.70 5.61 6.22 
Minimum 3.69 0 0 
Maximum 19 18.46 19 

Total Count 21 15 36 
Total Average 12.50 6.13 9.85 
Total Standard Deviation 9.40 5.57 8.54 
Total Minimum 0 0 0 

Total Maximum 30.86 18.46 30.86 

The average stain score of the eighteen exposed males was more than twice that found 

in the female non-exposed group, though this difference was not significant (p = 

0 .06). The stain scores per individual were corrected for the number of teeth present 

in the mouth. The standard deviation associated with the male exposed and female 

non-exposed were 9.8 and 5.6 respectively, which shows heteroschedasticity that 

influences the statistical test adversely away from significance. It is interesting that, 

despite the small sample size, the average stain scores for the non-exposed males and 

female exposed are 5.9 and 11.8 respectively. This result is contrary to what is 

anticipated in the light of the findings for the exposed males and unexposed females . 

It appears as if the two male groups are homogenous and the two female groups also 

homogenous. 

A scatter plot of staining score, corrected for the number of teeth present and age in 

the male exposed group, was performed to investigate the relationship between age 

and staining score (Fig 4 .1 ). 

71 

Stellenbosch University  https://scholar.sun.ac.za



Figure 4.1 
Staining score corrected for the number of teeth present and age for the male exposed 
group 

For the male exposed group a positive correlation was observed in respect of staining 

of the teeth and age. The Spearman Rank Correlation associated with the above 

scatter plot was 0.58 (p < 0.05). The correlation between stain score and work years 

were similar though slightly less with a Spearman Correlation of 0.52 (p < 0.05) 

within this group . No relationship was found between staining and tooth surface loss. 

For the female non-exposed group a negative, non-significant relationship was found. 

A possible explanation for this may be that the females drink less, smoke less and 

have better oral hygiene. The Spearman Correlation was -0.23 (p>0.05) and there 

was also a poor relationship between staining and tooth surface loss (0.01). 
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4.1.2.8 Dentition Status 

The dentition status was measured both in terms ofDMFT and DMFS for the various 

groups. 

4.1.2.Sa Descriptive Statistics of DMFT 

Table 4.11 
Descriptive statistics of DMFT for the various exposure and gender groups 

GROUP Males Females Total 

Exposed Frequency 18 3 21 
Average 18.44 10.00 17.24 
Standard Deviation 6.01 2.00 6.35 
Minimum 3 8 3 
Maximum 26 - 12 26 

Non-Exposed Frequency 3 12 15 
Average 13.00 17.83 16.87 
Standard Deviation 1.73 5.15 5.03 
Minimum 12 6 6 
Maximum 15 25 25 

Total Count 21 15 36 
Total Average 17.67 16.27 17.08 
Total Standard Deviation 5.90 5.65 5.76 
Total Minimum 3 6 3 
Total Maximum 26 25 26 

The average DMFT is eighteen for both exposed (male cases) and non-exposed 

(female cases) groups. The D component was the smallest part of the DMFT and was 

less than 0.2 of the total DMFT for the entire sample. The average M component was 

the second smallest part (3 .5) of the DMFT. The F component comprised the bulk of 

the mean DMFT with an average of 13 .0. Generally the average DMFT increased 

with increasing age. 
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Table 4.12 
Descriptive statistics of Decayed (D) component of the DMFT for the various 
exposure and gender groups. 

Gender 

GROUP Male . Female Total 

Exposed Count 18 3 21 
Average 0.22 0.00 0.19 
Standard Deviation 0.65 0.00 0.60 
Minimum 0 0 0 
Maximum 2 0 2 

Non-exposed Count 3 12 15 
Average 0.00 0.17 0.13 
Standard Deviation 0.00 0.39 0 .35 
Minimum 0 0 0 
Maximum 0 1 1 

Total Count 21 15 36 

Total Average 0.19 0.13 0.17 

Total Standard Deviation 0.60 0.35 0.51 

Total Minimum 0 0 0 

Total Maximum 2 1 2 

Overall, the D component was low. The average D for the male exposed group was 

almost similar to that of the female non-exposed group and is not statistically 

significant. These two groups had a mixed distribution that peaked at zero, followed 

by a tail. The female exposed group and the male non-exposed group all had scores 

of zero for their D component. 

The results of the Filled (F) component is described in Table 4 .13 
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Table 4.13 
Descriptive statistics of Filled (F) component ofDMFT for the various exposure and 
gender groups 

Gender 

GROUP Male Female Total 
Exposed Count 18 3 21 

Average 4.11 4 .67 4.19 
Standard Deviation 2.49 1.15 2.34 
Minimum 0 4 0 
Maximum 8 6 8 

Non-exposed Count 3 12 15 
Average 2.67 2.58 2.60 
Standard Deviation 2.31 1.83 1.84 
Minimum 0 0 0 
Maximum 4 5 5 

Total Count 21 15 36 

Total Average 3.90 3.00 3.53 
Total Standard Deviation 2.47 1.89 2.26 

Total Minimum 0 0 0 
Total Maximum 8 6 8 

Overall, the F-component was higherthan that of the D-component. The approximate 

average F for the male exposed group was four, that of the female non-exposed group 

three and the differences were not statistically significant. These two groups had a 

mixed distribution, which is a peak at zero followed by a tail. The female exposed 

group had an F-score that was twice that of the male non-exposed group . The 

numbers in the latter groups were too small to warrant statistical analysis. 

The results of the combined D- and F-components are summarised in Table 4.14. 

75 

Stellenbosch University  https://scholar.sun.ac.za



Table 4.14 
Descriptive statistics of the combined DP component ofDMFT for the various 
exposure and gender groups 

Gender 

GROUP Male Female Total 
Exposed Count 18 3 21 

Average 14.11 5.33 12.86 
Standard Deviation 6.42 3.06 6 .77 
Minimum 1 2 1 
Maximum 25 8 25 

Non-exposed Count 3 12 15 
Average 10.33 15.08 14.13 
Standard Deviation 2.08 6.19 5.88 
Minimum 8 2 2 
Maximum 12 25 25 

Total Count 21 15 36 
Total Average 13.57 13.13 13.39 
Total Standard Deviation 6.10 6.91 6.36 
Total Minimum 1 2 1 

Total Maximum 25 25 25 

The average DP for the male exposed and female non-exposed group was similar. 

The mean DP-component for the female non-exposed group was almost two and a 

half times more than that of the female exposed group. It can be observed that the 

female exposed group displayed a low DP-component compared to the three other 

groups. This can be ascribed to the fact that their average age was much lower than 

the other groups. 
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4.1.2.Sb Descriptive Statistics ofDMFS 

Table 4.15 
Descriptive statistics ofDMFS for the various exposure and gender groups 

Gender 

GROUP Male Female Total 

Exposed Count 18 3 21 
Average 57.11 33.33 53.71 
Standard Deviation 18.62 3.51 19.20 
Minimum 11 30 11 
Maximum 80 37 80 

Non-exposed Count 3 12 15 
Average 35.33 53.25 49.67 
Standard Deviation 16.56 14.79 16.31 
Minimum 18 22 18 
Maximum 51 72 72 

Total Count 21 15 36 

Total Average 54.00 49.27 52.03 

Total Standard Deviation 19.58 15.54 17.92 

Total Minimum 11 22 11 
Total Maximum 80 72 80 

The average DMFS for the whole sample was 52. There were no differences between 

exposed (male case) and non-exposed (female control) groups. The diffen:~nces in the 

male and female case groups could be explained by the relative younger age of the 

females (Table 4.16). The scores for D-component in terms of differences between 

groups were small and otherwise not noteworthy. The mean scores ofM-component 

were largely similar across the various groups. There were nominal difference~ 

between th.e male cases and female controls. Although there was a more than 

threefold ratio difference between male cases and female exposed group this could be 

ascribed to the difference in age distribution between these two groups. 
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Table 4.16 
Descriptive statistics of DS component ofDMFS for the various exposure and gender 
groups 

Gender 

GROUP Male Female Total 

Exposed Count 18 3 21 
Average 0.28 0.00 0.24 
Standard Deviation 0.83 0.00 0.77 
Minimum 0 0 0 
Maximum 3 0 3 

Non-exposed Count 3 12 15 
Average 0.00 0.25 0.20 
Standard Deviation 0.00 0.45 0 .41 
Minimum 0 0 0 
Maximum 0 1 1 

Total Count 21 15 36 
Total Average 0.24 0.20 0.22 
Total Standard Deviation 0.77 0.41 0.64 
Total Minimum 0 0 0 
Total Maximum 3 1 3 

All six individuals in the male non-exposed and female exposed groups had scores of 

zero in the DS-measurement. 
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Table 4.17 
Descriptive statistics ofFS component ofDMFS for the various exposure and gender 
groups 

Gender 

GROUP Male Female Total 

Exposed Count 18 
. 

3 21 
Average 36.28 10.00 32.52 
Standard 20.32 7.00 21.09 Deviation 
Minimum 1 3 1 
Maximum 75 17 75 

Non- Count 3 12 15 
exposed 

Average 22.00 40.17 36.53 
Standard 7.81 19.03 18.70 Deviation 
Minimum 17 2 2 
Maximum 31 72 72 

Total Count 21 15 36 

Total Average 34.24 34.13 34.19 

Total Standard Deviation 19.58 21 .16 19.95 

Total Minimum 1 2 1 

Total Maximum 75 72 75 

The FS component of the male exposed group was similar to that of the female non

exposed group . The averages for the FS of the two small groups (female exposed and 

male non-exposed) were lowest for all the groups. This phenomenon could be 

explained by the relatively young age of the female exposed group and possibly the 

non-exposure (low-exposure due to moderate drinking habits) of this male group. 

4.1.2.9 Treatment Need 

There were no statistical differences in treatment needs of the various groups. It 

should be borne in mind that the treatment needs as measured were done in terms of 

the dentition status. The need for treatment was largely located in the D-component 

of the dentition status. 
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4.1.3 Summary of Results 

The purpose of the epidemiological study was to compare the oral health status of the 

persons frequently exposed to wine and persons not so frequently exposed. 

Thirty-six persons, twenty-one wine-makers and fifteen of their spouses participated 

in the study. Of the fifteen matched pairs, in terms of cohabitation, only three were 

female wine-makers as wine-making is a male dominated profession. Two 

homogeneous groups of reasonable size for statistical analysis were found in the study 

namely the male group comprising of eighteen individuals and the female non

exposed group made up of twelve persons. To provide greater statistical power all the 

results were presented for exposed and non-exposed groups and an additional 

classification was introduced · in which the exposure and gender factors were 

combined. 

The average age of the males in the exposed group was greater by seven years 

compared to the non-exposed group whereas the reverse was true for the females. 

The mean years in the wine industry as wine-makers was 8.2 years while the female 

non-exposed group was employed in non-wine related areas for about nine years. 

Everyone consumed alcohol in the study except for one teetotaller. There was a large 

variation of the type, frequency and amount of alcohol consumed within the sample as 

a whole and within the different subgroups. Wine-tasting took place regularly ranging 

from 50 to 150 tastings per day. A third of the twenty-one wine-tasters reported doing 

so on a weekly basis. Wine was kept in the mouth for ten up to thirty seconds. Most 

individuals did not rinse after a tasting. 

All had nutritionally well balanced diets with low sugar content and an intake 

frequency of 4-5 times a day. Generally fruit and especially citrus fruit intake was 

reported by most of the participants. Almost all the subjects usually drank wine with 

their dinner. Brushing was practised mostly at least twice a day, with low sugar 

intake, infrequent snacking and regular visits to a dentist. 
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Seventy-five percent of the female non-exposed group reported no history of smoking 

compared to eighty-three percent of the male exposed group. 

Differences in the results of the extra oral examinations, oral mucosa! lesions, 

fluorosis and prosthetic status were largely not noteworthy. The PI was lower among 

females but the difference was not significant. The average DMFS score for the 

whole sample was 52.03, with no differences between male exposed and female non

exposed groups. As expected in the male exposed group a positive correlation was 

observed with tooth staining and age. The correlation between stain score and work 

years were similar though slightly less than chronological age. No relationship was 

found between staining and tooth surface loss. For the female non-exposed group a 

negative, non-significant relationship was found. A possible explanation for this may 

be that the females drink less, smoke less and have better oral hygiene. 

No obvious influence of salivary flow on Tsl could be observed. A U-shaped 

distribution is observed for the counts of Lactobacilli and S. mutans. No differences 

were found for the male exposed and female non-exposed with respect to the 

distribution of S. mutans and Lactobacilli counts. 
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CHAPTERS 

RESULTS OF TOOTH SURFACE LOSS 

5.1 INTRODUCTION - TOOTH SURFACE LOSS 

A clinical examination was conducted of hard tissues to determine the prevalence and 

severity of tooth surface loss in a cross sectional, comparative study between wine

makers and their partners or spouses. The results of tooth surface loss for the various 

groups were analysed and presented in summary form in the graphs, tables and figures 

below. The prevalence and patterns of tooth surface loss for the different teeth and 

surfaces are presented graphically and illustrate tooth surface loss for the various 

surfaces per individual tooth. Summaries of the descriptive statistics of tooth surface 

loss for the different grades of Tsl are tabulated according to gender and group 

(exposed/non-exposed). The differences in the means between the groups were so 

extensive that it was not necessary to perform significance testing, as it would provide 

no additional explanation of the physical phenomena studied. Bivariate plots for 

different grades of Tsl in the various groups are presented, to study the relationship 

between exposure time and severity. 

5.2 PATTERNS OF TOOTH SURFACE LOSS 

In order to assess the patterns of tooth surface loss for the different teeth and their 

surfaces (buccal, lingual/palatal and occussal/incisal surface), the prevalence and 

severity of erosion was determined for each surface per tooth. The results are 

presented graphically and illustrate tooth surface loss for the various surfaces per 

individual tooth in the maxillary and mandibular jaws. The sample was divided into 

two main groups, exposed and non-exposed sections. Gender was not taken into 

consideration in this instance as this approach allowed for larger sample sizes. If 

gender were to be taken into consideration, analyses would have had to be done in 

two extra subgroups of size three each. 
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5.2.1 Patterns of Tooth Loss in Buccal Tooth Surfaces of the Maxilla 

and Mandible 

Patterns of tooth sutface loss (as measured by absent or present ie prevalence) for the 

different teeth and buccal sutfaces for the exposed and non-exposed groups are 

illustrated in this section (Figures 5 .1 a-5 .1 d). 

Figure 5.la 
Tsl per Buccal Sutface in Teeth of the Upper jaw- Exposed Group 

The prevalence of buccal tooth sutface loss in the maxillary teeth for the exposed 

group is extremely low in the posterior teeth and increases progressively to 0.7 in the 

anterior teeth for the exposed group. 

Figure 5.lb 
Tsl per Buccal Sutface in Teeth of the Upper jaw - Non-Exposed Group 
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The pattern of Tsl in the non-exposed group does not follow a distinct pattern and 

compared to the exposed group, the Tsl shows considerably lower prevalence and 

severity. 

Figure 5.lc 
Tsl per Buccal Surface in Teeth of the Lower jaw- Exposed Group 

The mandibular teeth have a higher prevalence of Tsl for the posterior teeth than the 

maxillary teeth (Cf Figure 5.la). Generally the pattern is similar in that more anterior 

teeth are affected than posterior ones. The prevalence pattern is slightly less 

symmetrical than that of the maxillary teeth. Tsl prevalence is also relatively lower 

for the anterior mandibular teeth. 

Figure 5.ld 
Tsl per Buccal Surface in Teeth of the Lower jaw - Non-Exposed Group 
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The patterns of Tsl on the buccal surfaces of the mandible in the non-exposed group 

are firstly lower in prevalence and severity compared to the exposed group. Secondly, 

the strong kind of symmetry seen in the exposed groups is absent, although the Tsl on 

the left hand side tends to be a mirror image of the Tsl on the right-hand side. 

The symmetry in this case is different from the exposed group than that for the non

exposed group. The anterior teeth do not manifest a progressive increase in Tsl from 

the posterior teeth . The central incisors are more affected than the laterals or canines. 

The second premolars are the most severely affected. 

5.2.2 Patterns of Tooth Surface Loss in Palatal and Lingual Tooth 

Surfaces 

Patterns of tooth surface loss for the different teeth and buccal surfaces for the 

exposed and non-exposed groups are illustrated in this section (Figures 5.2a-5 .2d). 

Figure 5.2a 
Tsl per Palatal Surface in Teeth of the Upper jaw- Exposed Group 

The prevalence of palatal Tsl is less than that of the buccal surfaces of the maxillary 

anterior teeth for the exposed group. The pattern of Tsl is not as symmetrical as with 

the buccal surfaces mentioned earlier. It also shows a drop in prevalence between 

anterior and posterior teeth. 
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Figure 5.2b 
Tsl per Palatal Surface in Teeth of the Upper jaw - Non-Exposed Group 

In this case it should be emphasised that hardly any erosion was observed on the 

palatal surfaces in the non-exposed group and is in complete contrast to the Tsl of the 

palatal surfaces in the exposed group. 

Figure 5.2c 
Tsl per Lingual Surface in Teeth of the Lower jaw-Exposed Group 

A different, if not unique, pattern is witnessed in that the posterior teeth have a low 

Tsl prevalence while the anterior teeth have a higher Tsl prevalence of between 0.2 

and 0.4. There appears to be a sustained discrete increase of Tsl between the 
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premolars and the canines. The prevalence is less than the palatal surfaces of the 

exposed group for the maxillary teeth. The pattern of Tsl for the anterior teeth is also 

different. Whereas the pattern of Tsl on the lingual surface of the lower jaw forms a 

plateau, the pattern on the palatal surface fluctuates . 

Figure 5.2d 
Tsl per Lingual Surface in Teeth of the Lower jaw- Non-Exposed Group (no 
prevalence for all the tooth positions was observed) 

No tooth surface loss was recorded on the lingual surface of the lower jaw, which is in 

stark contrast to the exposed group. It is interesting to note that for all th.e other 

surfaces of the non-exposed group there was some form of erosion while this is not 

the case for the lingual surfaces of this non- exposed group. The non-exposed people 

also use wine. The difference is that the exposed group engages in wine-tasting and 

this group does not, although they still drink wine (only one teetotaller). It would 

seem that erosion in this case on the lingual surfaces is not a sequel to drinking wine 

in general (social drinking). It would appear, from the comparison of the exposed and 

non-exposed group for this surface, that the exposure to wine-tasting is the most likely 

cause of this difference. 
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5.2.3 Patterns of Tooth Surface Loss in Occlusal /incisor Tooth 
Surfaces 

Patterns of tooth surface loss for the different teeth and occlusal /incisor surfaces for 

the exposed and non-exposed groups are illustrated in this section (Figures 5.3a-5.3d). 

Figure 5.3a 
Tsl per Occlusal I Incisor Surfaces in Teeth of the Upper jaw- Exposed Group 

A striking linear increase of the prevalence of Tsl is seen with the occlusal from the 

posterior to the anterior teeth and it reaches a maximum of more than 0.8. This 

symmetrical linear increase is different from the progressive increase seen in the 

buccal surfaces of the maxillary teeth. The average prevalence of the Tsl on the 

anterior incisor surfaces is 0.69 and that of the buccal surfaces of the exposed 

maxillary anterior teeth is 0 .67. 

88 

Stellenbosch University  https://scholar.sun.ac.za



Figure 5.3b 
Tsl per Occlusal I Incisor Surfaces in Teeth of the Upper jaw- Non-Exposed Group 

A weaker linear increase towards the anterior teeth than in the exposed group is seen . . 

The average prevalence of the central incisors is approximately 0.6 compared to 0.85 

for the exposed group. Overall the prevalence is also less than that of the exposed 

group. 

Figure 5.3c 
Tsl per Occlusal I Incisor Surfaces in Teeth of the Lower jaw-Exposed Group 

Again a very distinct pattern is seen. There is a clear divide between the prevalence

of the posterior teeth and that of the anterior teeth. There is a discrete jump in the Tsl

from premolar teeth to the canine teeth. The central plateau is different from the
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plateau observed with the lingual exposed group. The plateau in the case of the 

lingual surfaces is concave whereas in this instance it is convex. 

Figure 5.3d 
Tsl per Occlusal I Incisor Surfaces in Teeth of the Lower jaw - Non-Exposed Group 

The pattern and prevalence of Tsl is different from that of the exposed group in that 

the canines do not form part of the plateau for the non-exposed group. The 

prevalence of Tsl in centrals and laterals (0.77) is slightly lower than that of the 

exposed group (0 .83). 

5.3 DESCRIPTIVE STATISTICS ON TOOTH SURFACE LOSS 

5.3.1 Measurement Definitions 

The calculations of the number of tooth surfaces, which had a tooth surface loss score 

of 1, 2 or 3, were adjusted for missing tooth surfaces (coded 8 and 9). It should be 

noted that this simple adjustment could give rise to fractional scores. The number of 

surfaces on which Tsl of grade 1, 2 or 3 occurred was all added together to provide an 

unweighted composite score. This unweighted composite score will be referred to as 

the SumSurf123. Another method used was to weight the Grades according to the 

severity and then add it together. In the case of the calculations of the weighted sums, 
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similar adjustments for missing surfaces as described earlier, were applied. We 

therefore also developed a score where Grades 2 and 3 were added together. This 

unweighted composite score will be referred to as the SumSurf23. The more severe 

instances of tooth surface loss were weighted by means of constants e.g. a score of2 
- -

was multiplied by 2 and a score of 3 was multiplied by 3. This weighted composite 

score will be referred to as the WghtdSumSurf. 

5.3.2 Descriptive Statistics of Tooth Surface Loss (Tsl) 

5.3.2.1 As measured by the Sum of Scores for Grades 1,2 & 3 

Table 5 .1 provides a summary of the descriptive statistics of tooth surface loss as 

measured by SumSurf123 (the sum of scores for Grades 1,2 & 3) according to gender 

and group (exposed/non-exposed) 

Table 5.1 
Descriptive statistics of tooth surface loss: the scores (1 ,2 & 3) according to gender 
and group (exposed/non-exposed) 

Gender 

GROUP Male Female Total 

Exposed Count 18 3 21 
Average ~a,a:ss~ i!i,~.4611 33.94 
Standard Deviation 19.55 2.467 21 .85 
Minimum 7 2.074 2.074 
Maximum 72.33 7 72.33 

Non-exposed Count 3 12 15 
Average R'(4.68,.' fl'&11 .81ii'f 12.38 
Standard Deviation 15.91 10.86 11.41 
Minimum 4.308 0 0 
Maximum 33 35.84 35.84 

Total Count 21 15 36 
Total Average 35 .4 10.34 24.96 
Total Standard Deviation 20 .63 10.14 21.01 
Total Minimum 4.308 0 0 
Total Maximum 72.33 35.84 72.33 

In the males there is a notable difference in tooth surface loss between the exposed 

and non-exposed group. Tooth surface loss was experienced two and a half times 

more in the former than in the latter. The reverse trend was found in the females. 
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A possible reason for this could be the discrepancy in average age between the 

exposed females (29 years, only 3 individuals, Table 4.2) and unexposed females (41 

years, 12 individuals, Table 4.2). Another explanation that could possibly be offered 

is the short employment within the wine industry of the exposed group. 

5.3.2.2 As measured by the Sum of Scores for Grades 2 & 3 

Table 5 .2 provides a summary of the descriptive statistics of tooth surface loss as 

measured by SumSurf23 (the sum of scores for Grades 2 & 3) according to gender 

and group (exposed/non-exposed). The table focuses on the more severe Grades of 

Tsl. 

Table 5.2 
Descriptive statistics of more severe cases of tooth surface loss: the scores according 
to gender and group (exposed/non-exposed) 

Group 

Exposed Frequency 
Average 
Standard Deviation 
Minimum 
Maximum 

Non-exposed Frequency 

Total frequency 

Total Average 

Average 
Standard Deviation 
Minimum 
Maximum 

Total Standard Deviation 
Total Minimum 

Total Maximum 

Male 

1 8 

::11ili1 ~111~~~1m 
1 0.43 

0 
28 
3 

1\IB~1;1\1riii~1~~r~m 
9.24 

0 
1 6 

21 
1 0.56 
1 0 .29 

0 
28 

Female Total 
group 

3 21 
9.79 

0 1 0 .45 
0 0 
0 28 
1 2 1 5 

3.71 
5.26 5.88 

0 0 
14 1 6 

1 5 36 
2.65 7.26 
4.86 9 .25 

0 0 
1 4 28 

An analysis of the severity (scores 2 and 3) of Tsl was done within the groups. The 

average score in the male exposed group was twice that of the non-exposed males 

(p<0.05). Generally the severity of Tsl was lower in the females . There was no Tsl 

recorded in the exposed female group. The short period of employ and the small 

sample size, to a lesser extent in this group, could possibly explain the lack of 

severity. The average of 3 .3 surfaces of scores 2 and 3 in the female non-exposed 

group is more than that which occurred in the exposed group and is more likely 
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explained by the higher age of the non-exposed group. There was a small difference 

between the non-exposed male and female groups in terms of their average severity 

counts. The ranges associated with the non-exposed male and female groups, as 

measured by the maximum and minimum scores, were similar. 

5.3.2.3 As measured by the Weighted Sum of Scores for Grades 2 & 3 

Table 5.3 provides a summary of the descriptive statistics of tooth surface loss as 

measured by W ghtdSumSurf (Grades 2 and 3 were weighted in respect of the severity 

and added to the number of Grade 1 surfaces) according to gender and group 

(exposed/non-exposed). 

Table 5.3 
Descriptive statistics of tooth surface loss as measured by the weighted sum of the 
scores (1 , 2 & 3) according to gender and group (exposed/non-exposed) 

Group Male Female Total group 

Exposed Frequency 18 3 21 
Average 52.45 4.46 45.59 
Standard Deviation 30.26 2.47 32.78 
Minimum 7 2.08 2.07 
Maximum 103.8 7 103.8 

Non-exposed Frequency 3 12 15 
Average 20.68 15.86 16.83 
Standard Deviation 26.29 16.79 18 
Minimum 4.31 0 0 
Maximum 51 51.52 51 .52 

Total Frequency 21 15 36 
Total Average 47.91 13.58 33.61 
Total Standard Deviation 31.26 15.64 30.83 
Total Minimum 4.31 0 0 

Total Maximum 103.8 51 .52 103.8 

The weighted sum of Tsl scores in the above table stresses the more severe scores in 

the groups. For the exposed male group this measure had a remarkably high average 

of 52.45. From the aforesaid tables and results it is clear that the non-exposed male 

and female groups were similar and therefore the results of the weighted sum of the 

non-exposed male and female groups were combined for the purpose of descriptive 

statistics. The average weighted measure of this combined group was 16.83, more 

than 3 times lower than the exposed male group. 
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5.4 SCATTER PLOTS ON TOOTH SURFACE LOSS 

Scatter plots were used to investigate whether risk factors such as age and work years 

explain some of the variation of tooth surface loss. A scatter plot of tooth surface loss 

(SumSurf123) in males and age in years is provided below. 

5.4.1 Tsl and the Relationship with Age for Males 

Figure 5.4 
Scatter plot of tooth surface loss (SumSurf123) in males and age in years 

A positive relationship can be observed in the above graph. This means, as the age 

increases the Tsl also increases. This is confirmed by the Spearman Rank Correlation 

coefficient of 0.38 (p= 0.12; not significant on the 0.05 level). 

94 

Stellenbosch University  https://scholar.sun.ac.za



5.4.2 Tsl and the Relationship with Work-years for Males 

Figure 5.5 is a scatter plot of tooth surfa~e loss (Sum Surfl23) in males and number of 

years worked in wine industry. 

Figure 5.5 
Scatter plot of tooth surface loss (SumSurfl23) in males and number of years worked 
in wine industry as tasters. 

Hardly any relationship can be observed in the above graph. This means, as the work

years increase there is a slight increase in the Tsl. This is confirmed by a Spearman 

Rank Correlation coefficient of 0.10, indicating a very weak statistical relationship 

that is not significant. This relationship is much weaker than the relationship between 

age and Tsl. Age appears to be a better measure of risk of Tsl than work-years in the 

wine industry. It should however be noted that the range of work-years was between 

one and twenty-six years. It is also self-evident that work-years are less than the years 

that a permanent tooth is exposed to the oral and general environment. This may 

serve as an explanation for the relatively weaker relationship between Tsl and work

years, in comparison to Tsl and age years. 
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In general the weighted Tsl measurements for the males were higher than those of the 

females, probably due to exposure to wine on account of tastings. 

5.4.3 Tsl and the Relationship with Age for Females 

A scatter plot of tooth surface loss (SumSurfl23) in females and age in years is 

provided in Figure 5.6. 

Figure 5.6 
Scatter plot of tooth surface loss (SumSurf) in females and age in years 

A weak positive relationship can be observed in the above graph. This means, as the 

age increases the Tsl also increases. This is confirmed by a Spearman Rank 

Correlation coefficient of 0 .3 2, indicating a relationship that is not significant 

(p=0.29). 

In order to identify and emphasise the more severe cases of erosion, a weighting was 

applied and calculated as follows: Grade 1 X 1, Grade 2 X 2 and Grade 3 X 3). An 

ordinal scale was used. More severe forms of erosion are present with the higher 

scores e.g. 'two' is more severe than 'one' and 'three' is more severe than 'two'. 
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5.4.4 The Relationship between Tsl as Measured by (weighted Tsl) 

and Age in years in Males 

Figure 5.7 demonstrates the relationship of weighted tooth surface loss 

(WghtdSumSurf) and age in years in exposed males by means of a scatter plot. 

en 70.0 en 
0 
...J 60.0 
Cl> • u 

~ 50.0 
::s • • rn 40.0 
.c •• -0 30.0 0 .... • 'C 20.0 
Cl> -.c 10.0 en • ·c; 
3: 0.0 

20 25 30 35 40 45 50 

Age in Years 

Figure 5.7 
Scatter plot of weighted tooth surface loss (WghtdsumSurf) in males and age in years 

55 

A positive relationship can be observed in the above graph. This means, as the age 

increases the Tsl also increases. This is confirmed by the Spearman Rank Correlation 

coefficient of0.56, which is statistically significant (p < 0.05). 
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5.4.5 Tsl (as measured by the weighted Tsl) and the Relationship 

with Age for Females 

In Figure 5.8 a scatter plot of weighted ~ooth surface loss (WghtdSumSurf) in females 

and age in years is provided and it would be useful to compare this to the scatter plot 

of Sum Surf (that is not weighted) and age years (Figure 5 .6). 

Figure 5.8 
Scatter plot of weighted tooth surface loss (WghtdSumSurf) in females and age in 
years 

A positive relationship can be observed in the above graph. This means, as the age 

increases the Tsl also increases among females in the non-exposed group. This is 

confirmed by the Spearman Rank Correlation coefficient of 0.32, which is not 

significant (p > 0.05). Interestingly the relationship of Tsl and age in females is 

stronger than the relationship of Tsl and work years in males. 

Most of the females in this study did not work in the wine industry and no relationship 

was found between Tsl and the duration of work in years. However, no relationship 

was expected within the female group. The actual graph was not displayed for the 

above two reasons. 
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5.4.6 The Relationship between Weighted Tooth Surface Loss and 

Work-Years for Males working in the Wine-industry 

Figure 5.9 is an illustration of a scatter plot of weighted tooth surface loss 

(WghtdSumSurf) in males and work-years 
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Figure 5.9 

30 

Scatter plot of weighted tooth surface loss (WghtdSumSurf) and work-years for males 

Hardly any relationship can be observed in the above graph. This is confirmed by a 

Spearman Rank Correlation coefficient of 0.15, indicating an extremely weak 

relationship, which is not significant at all . This relationship is much weaker than the 

relationship between age and Tsl. Age appears to be a better measure of risk of Tsl 

than work-years in the wine industry. 
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5.5 SUMMARY OF TOOTH SURFACE LOSS 

The aim of this part of the study was to assess and compare the patterns, prevalence 

and severity of tooth surface loss in a cross sectional comparative study between 

wine-makers (exposed) and adults not in the wine-industry (non-exposed). Tooth 

surface loss was recorded according to the criteria followed by Eccles & Jenkins 

(1989). 

The prevalence oflabial tooth surface loss in the maxillary teeth of the exposed group 

followed a symmetrical pattern with the highest values of Tsl occurring mostly on the 

anterior teeth declining to extremely low values to the posterior teeth. The pattern of 

Tsl in the non-exposed group follows a similar pattern compared to the exposed group 

but at a much lower prevalence. Generally the pattern for the mandibular teeth is 

similar in terms of symmetry, although less so, and types of teeth affected compared 

to the maxillary teeth. The mandibular Tsl were less severely affected and the 

posterior teeth were more affected than the maxillary teeth. 

A non-symmetrical pattern of Tsl was observed with on the palatal and lingual tooth 

surfaces the upper and lower jaw in the exposed group. Generally the anterior teeth 

had a considerably higher Tsl prevalence than the posterior teeth. There appears to be 

a sustained discrete increase between the premolars and the canines. Whereas the 

pattern of Tsl on the lingual surface of the anterior teeth of the lower jaw forms a 

plateau, the pattern on the palatal surface fluctuates. Hardly any erosion was observed 

on the palatal surfaces in the non-exposed group and is in complete contrast to the Tsl 

of the palatal surfaces of the exposed group. No tooth surface loss was recorded on 

the lingual surface of the lower jaw, which is in stark contrast to the exposed group. It 

is interesting to note that for all the other surfaces of the non-exposed group, there 

was some form of erosion while this is not the case for the lingual surfaces of this 

non-exposed group. The non-exposed people also use wine. The difference is that 

the exposed group tastes wine and this group does not, although they still drink wine 

(only one teetotaller). It would seem that erosion in this case is not a sequel to 

drinking wine in general (social drinking). It would appear from the comparison of 
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the exposed and non-exposed groups for this surface (lingual), that the exposure to 

wine-tasting is the most likely cause of this difference. 

A possible reason accounting for the low prevalence of erosion generally on the 

posterior maxillary labial surfaces and the lingual surfaces may be on account of the 

proximity of the major salivary ducts discharging saliva near in the vicinity of these 

tooth surfaces. Major salivary glands are usually divided into the symmetrically 

paired parotid, submandibular, and sublingual glands (Schwartz, 1999). Minor 

salivary glands are found on the hard and soft palate, in the lips and oro pharynx. 

Saliva is discharged from the major glands into the oral cavity via Stenson's duct, 

Wharton's duct and numerous small orifices in the floor of the mouth, respectively. 

Normal volume of salivary secretion in an adult male varies from 1000-1500 ml/24 

hour (Schwartz, 1999). The parotid and submandibular glands secrete a serous fluid. 

Ions present in saliva include sodium, potassium, calcium, magnesium, phosphate and 

bicarbonate (Smith and Morton, 2001 ). Saliva is supersaturated with calcium 

phosphate, that in theory prevents demineralisation of teeth (Smith and Morton, 

2001). The pH is in the range 6.2-8 .0 (Smith and Morton, 2001). 

A striking linear increase of the prevalence of Tsl on maxillary teeth is seen with the 

occlusal surfaces from the posterior to the anterior teeth of the exposed group. This 

symmetrical linear increase is different and more pronounced from the progressive 

increase seen in the buccal surfaces of the maxillary teeth. The overall prevalence and 

linear increase towards the anterior teeth for the non-exposed group are less than that 

of the exposed group. For the occlusal surfaces of the mandibular teeth a distinctive 

pattern is observed with a clear division between the prevalence of Tsl in the posterior 

and anterior teeth of the exposed group. There is a sharp decline in Tsl from premolar 

to the canine teeth. The central plateau in the case of the lingual surfaces is concave 

whereas in case of the occlusal surfaces it is convex. 

From this study it is noteworthy that erosion on the lingual surfaces does not appear to 

be a sequel to drinking wine in general. It seems, from the comparison of the exposed 

and non-exposed group for the lingual surfaces, that the exposure to wine-tasting is 

the most likely cause of this effect. It is possible that the submandibular salivary 

gland secretions are able to resist the insult of acidic drinks with wine drinking in 
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general but the capacity of these secretions to combat erosion is exceeded with 

frequent wine-tastings. 

Prevalence of Tsl occurred two and a half times more in the male exposed group 

compared to the non-exposed group. The reverse trend was found in the females 

which may be due to age differences (exposed females : 29 years; non-exposed 

females 41 years), short employment period of the exposed group and possibly lesser 

exposure to wine-tasting. 

The severity of Tsl (scores 2 and 3) in the male exposed group was twice that of the 

non-exposed males with females experiencing a lower severity generally and no Tsl 

recorded in the exposed female group. The small sample size and the short period of 

employ in this group could possibly explain the lack of severity. 

The weighted sum of Tsl scores in Table 5.3 stresses the more severe scores in the 

groups. For the exposed male group this measure had a remarkably high average of 

52.45. From the aforesaid tables and results it is clear that the non-exposed male and 

female groups were similar and therefore the results of the weighted sum of the non

exposed male and female groups were combined for the purpose of descriptive 

statistics. The average weighted Tsl was three times higher in male exposed group 

compared to the non-exposed combined male and female group. 

Scatter plots were used to investigate whether age and work years explain some of the 

variation of tooth surface loss. A positive relationship was obtained for males in 

terms of Tsl and chronological age (Spearman Rank Correlation coefficient of 0.38: 

p= 0.12) but not in terms Tsl work years. This means, as the age in males increases 

the Tsl also increases. Age appears to be a better measure of risk of Tsl than work

years in the wine industry. It is self-evident that work-years are less than the years 

that a permanent tooth is exposed to the oral and general environment. This may 

serve as an explanation for the relatively weaker relationship between Tsl and work

years, in comparison to Tsl and age years. In general the weighted Tsl measurements 

for the males were higher than those of the females, probably due to longer exposure 

to wine on account of tastings. A weak positive relationship was observed for females 

in terms of work years. This means as the work-years increase the Tsl also increases. 
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A positive statistically significant relationship (Speannan Rank Correlation 

coefficient of 0.56: p < 0.05) was obseived in males for weighted Tsl and age. 

Interestingly the relationship of Tsl and age in females is stronger than the 

relationship of Tsl and work years in males: The relationship positive between the 

weighted Tsl and Age for females is approximately the same as the relationship 

between Tsl and Age. Hardly any relationship could be obseived in terms of 

weighted Tsl and work years in males. 

The prevalence of Tsl was significantly greater in the exposed group than the non

exposed group. The largest occurrence of Tsl occurred on the buccal and incisal 

surfaces of anterior teeth for the exposed groups. The lingual surfaces of the non

exposed group had the least manifestation of Tsl. Chronological age could explain 

some of the variation of tooth surface loss better than work years in this study. Age 

appears to be a better measure of risk of Tsl than work years in the wine-industry. 
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CHAPTER6 

PERCEPTIONS OF ORAL HEALTH 

6.1 PERCEPTIONS OF ORAL HEALTH 

The purpose of this part of the study was to determine the perceptions of oral 

function, knowledge, awareness and behaviour regarding the risk of erosion among 

wine-makers and their spouses. Traditional assumptions that oral health needs can be 

adequately determined alone by means of clinical assessments on the part of 

professionals, has been challenged (Gilbert, 1994). Although there is no full 

agreement, the consensus prevails that substantial consideration should be given to 

people's perception of what their needs are, based on self-assessment of their oral 

health status and satisfaction with the appearance of their teeth. In order to assess the 

perceptions of the participants in respect of their oral health, several questions were 

posed in relation to appearance, function, problems experienced with their teeth and 

mouth. A questionnaire was administered to determine environmental, demographic, 

medical, dental, dietary, behavioural and other possible factors associated with tooth 

surface loss. The responses are summarised and tabulated below. 

6.1.1 Analysis of the question: 
"Are you satisfied with the appearance of your teeth"? 

Participants were asked about their satisfaction with the appearance of their teeth in 

the form of a question, "Are you satisfied with the appearance of your teeth?" Ten 

out of the seventeen in the male exposed group complained about the appearance of 

their teeth. Only three out of eleven in the female non-exposed group were not 

satisfied. The difference between these two rates, although larger in the non-exposed 

group, was not significant (p > 0.10, Pearson Chi Squared Test). 
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Table 6.1 
Cross-tabulation according to question: "Are you satisfied with the appearance of 
your teeth?", and Gender & Exposure Groups, providing the descriptive statistics for 
the Weighted Sum Surface - Tsl 

Satisfied With Teeth? 

GROUP Yes No 

Male Exposed Count 7 10 
Average 38.32 61.03 
Standard Deviation 23.43 33.27 
Minimum 7.00 12.00 
Maximum 63.57 103.83 

Male Non-exposed Count 3 0 
Average 20.68 -
Standard Deviation 26.29 -
Minimum 4.31 -
Maximum 51.00 -

Female Exposed Count 3 0 
Average 4.46 -
Standard Deviation 2.47 -
Minimum 2.07 -
Maximum 7.00 -

Female Non-exposed Count 8 3 
Average 15.25 22.44 
Standard Deviation 14.40 25.46 
Minimum 0.00 4.15 
Maximum 40.73 51 .52 

Within the male exposed group the weighted sum surface Tsl was compared in 

response to the question "Are you satisfied with the appearance of your teeth?" Seven 

of the exposed males were satisfied compared to ten who were not satisfied. No 

statistical difference was found between the two groups although the averages for the 

two groups in terms of Tsl were almost double in the direction of dissatisfaction, 

namely 38.3 and 61.0. The likely reason why statistical significance was not achieved 

is due to the high variability within the two sub-samples. 

In general, the female group had a low average Tsl of 13 .6 and it is not scientifically 

justified to compare them to the male group in this exercise. 
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6.1.2 Analysis of the question: 
"Are you having any problems with your teeth and mouth?" 

6.1.2.1 Frequencies and Descriptive Statistics of Tsl were included 

In response to the question "Are you having any problems with your teeth and mouth" 

just less than a third of the male exposed group experienced problems compared to 

approximately a fifth of the non-exposed females. The difference in problems 

experienced by these two categories is non-significant. 

Table 6.2 
Cross-tabulation according to question "Are you having any problems with your teeth 
and mouth?", and Gender & Exposure Groups which providing the descriptive 
statistics for the Weighted Sum Surface - Tsl 

Problems With Your Teeth Or Mouth? 

GROUP Yes No 

Male Exposed Count 5.00 12.00 

Average 40.99 56.14 

Standard Deviation 21.45 34.02 
Minimum 15.27 7 

Maximum 67.67 103.83 

Male Non-exposed Count - 3 

Average - 20.68 

Standard Deviation - 26.29 

Minimum - 4.31 

Maximum - 51.00 

Female Exposed Count 2 1 

Average 3.19 7.00 

Standard Deviation 1.58 -
Minimum 2.07 7.00 

Maximum 4.31 7.00 

Female Non-exposed Count 2 9 

Average 25.76 15.31 

Standard Deviation 36.43 13.01 

Minimum 0.00 4.15 

Maximum 51.52 40.73 

The average Tsl of the male exposed group experiencing tooth problems was 41 

compared to an average Tsl of 56, not experiencing problems (difference not 

statistically significant, [NS] ). In the female non-exposed group the trend was 

reversed. The average Tsl was 26 for the female non-exposed group with problems to 

their teeth compared to an average Tsl of 15 for those experiencing no problems (NS). 

106 

Stellenbosch University  https://scholar.sun.ac.za



6.1.2.2 Frequencies and Descriptive Statistics of DMFT were included 

An analysis was done with the DMFT and individual perceptions of oral health 

problems. A similar pattern to that of Tsl is anticipated with the DMFT with regard to 

perceptions of oral health problems, since similar tooth structures are involved. 

Table 6.3 
Cross-tabulation according to question: "Are you having any problems with your teeth 
and mouth?" and Gender & Exposure Groups which provides the descriptive statistics 
fortheDMFT 

Problems with your teeth or mouth? 

GROUP Yes No 

Male Exposed Count 5 12 

Average 19.80 18.00 

Standard Deviation 4.66 6.84 

Minimum 14 3 

Maximum 25 26 

Male Non-exposed Count - 3 
Average - 13 

Standard Deviation - 1.73 

Minimum - 12 

Maximum - 15 
Female Exposed Count 2 1 

Average 10 10 

Standard Deviation 2.83 -
Minimum 8 10 

Maximum 12 10 
Female Non-exposed Count 2 9 

Average 14.00 19.11 

Standard Deviation 11 .31 3.62 

Minimum 6 14 
Maximum 22 25 

The frequencies of the above table are the same for the Tsl results and therefore the 

same deductions are made. Due to small sample sizes of the relevant cells and large 

SD no valid deductions can be made with respect to DMFT and "problems 

experienced with teeth and mouth". 
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6.1.3 Analysis of the question: 
"Are you having any pain in your teeth or mouth?" 

In response to the question "Are you having any pain in your teeth or mouth" no 

meaningful differences were obtained, in either the exposed or non-exposed groups, 

for the DMFT and Tsl measurements. A similar non-significant result was obtained 

in response to the question "Are you happy with the functioning of your mouth with 

regard to taste." 

Participants were asked: "Are you having any pain in your teeth or mouth". Six out of 

seventeen in the male exposed group complained about having pain. In the female 

non-exposed group none of the eleven participants reported experiencing pain. The 

difference between these two groups was significant (p < 0.05). The descriptive 

statistics are summarised in Table 6.4 and 6.5 with respect to DMFT and Tsl. 
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6.1.3.1 Frequencies and Descriptive Statistics of DMFT were included 

Table 6.4 
Cross-tabulation according to question: "Are you having any pain in your teeth or 
mouth?", and Gender & Exposure Groups; ~roviding the descriptive statistics for the 
DMFT 

Pain - Teeth I Mouth? 

GROUP Yes No 

Male Exposed Count 6 11 
Average 20.17 17.64 

Standard Deviation 4.54 6.96 

Minimum 14 3 

Maximum 25 26 

Male Non-exposed Count - 3 
Average - 13 

Standard Deviation - 1.73 

Minimum - 12 

Maximum - 15 

Female Exposed Count 1 2 

Average 10 10 

Standard Deviation - 2.83 

Minimum 10 8 

Maximum 10 12 

Female Non-exposed Count 0 11 

Average - 18.18 

Standard Deviation - 5.25 

Minimum - 6 

Maximum - 25 

The average DMFT for those with and without "pain in their teeth and mouth" were 
similar. 
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6.1.3.2 Frequencies and Descriptive Statistics of Tsl were included. 

Table 6.5 
Cross-tabulation according to question: "Are you having any pain in your teeth or 
mouth?", and Gender & Exposure Groups; providing the descriptive statistics for the 
Weighted Sum Surface -Tsl 

Pain - Teeth I Mouth? 

GROUP Yes No 

Male Exposed Count 6 11 

Average 42.97 56.43 

Standard Deviation 19.35 35.79 

Minimum 15.27 7 

Maximum 63.57 103.83 

Male Non-exposed Count - 3 

Average - 20.68 

Standard Deviation - 26.29 

Minimum - 4.31 

Maximum - 51 

Female Exposed Count 1 2 

Average 7 3.19 

Standard Deviation - 1.58 

Minimum 7 2.07 

Maximum 7 4.31 

Female Non-exposed Count - 11 

Average - 17.21 

Standard Deviation - 16.91 

Minimum - 0 

Maximum - 51.52 

The average Tsl for those in the male exposed group with and without "pain in their 

teeth and mouth" was 43 and 56 respectively. Contrary to expectation, the persons 

reporting on pain had a Tsl (6 out of 17), which was less than that of those who did 

not. This difference, however, was non-significant. In the case of the female non

exposed group the average Tsl was 17 and all the individuals in this group reported 

not having any pain in their teeth or mouth. 
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6.1.4 Analysis of the question: 
"Are you having problems with regard to sensitivity of your teeth?" 

Respondents were asked about their individual experiences of tooth sensitivity. Nine 

out of seventeen in the male exposed group said they experienced sensitivity, whereas 

three out of eleven female non-exposed individuals responded in the affirmative. The 

difference between these two groups was not significant (p > 0.10) due to the low 

power of the Pearson Chi-Square Test. The descriptive statistics are summarised in 

Table 6.6 and 6. 7 with respect to DMFT and Tsl. 

6.1.4.1 Frequencies and Descriptive Statistics of DMFT were included. 

Table 6.6 
Cross-tabulation according to: "Are you having problems with regard to sensitivity of 
your teeth?", and Gender & Exposure Groups; providing the descriptive statistics for 
theDMFT 

Sensitive? 

GROUP Yes No 

Male Exposed Count 9 8 
Average 18.33 18.75 

Standard Deviation 7.00 5.60 

Minimum 3 9 

Maximum 25 26 

Male Non-exposed Count - 3 

Average - 13 

Standard Deviation - 1.73 

Minimum - 12 

Maximum - 15 

Female Exposed Count 2 1 
Average 9 12 

Standard Deviation 1.41 -
Minimum 8 12 
Maximum 10 12 

Female Non-exposed Count 3 8 

Average 20.67 17.25 

Standard Deviation 1.15 5.95 

Minimum 20 6 

Maximum 22 25 

The average DMFT for these two groups who replied either yes or no, was the same. 

Almost a quarter of the individuals in the female non-exposed group reported 
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expenencmg problems with respect to sensitivity of their teeth. There were no 

significant differences in the average DMFT between non-exposed females with and 

without sensitivity of their teeth. 

6.1.4.2 Frequencies and Descriptive Statistics of Tsl were included. 

Table 6.7 
Cross-tabulation according to: "Are you having problems with regard to sensitivity of 
your teeth?", and Gender & Exposure Groups; providing the descriptive statistics for 
the Weighted Sum Surface -Tsl 

Sensitive? 

GROUP Yes No 

Male Exposed Count 9 8 

Average 42.68 61.80 

Standard Deviation 20.78 38.51 

Minimum 12 7 

Maximum 67.67 103.83 

Male Non-exposed Count - 3 

Average - 20.68 

Standard Deviation - 26.29 

Minimum - 4.31 

Maximum - 51 

Female Exposed Count 2 1 

Average 5.65 2.07 

Standard Deviation 1.90 -
Minimum 4.31 2.07 

Maximum 7 2.07 

Female Non-exposed Count 3 8 

Average 19.94 16.19 

Standard Deviation 27.35 13.80 

Minimum 4.15 0 

Maximum 51.52 40.73 

In the male exposed group the average Tsl was 43 for the yes-category and 62 for the 

no-responses in reply to the question "Are you having problems with regard to 

sensitivity of your teeth. In the case of the female non-exposed group the difference 

in the average Tsl was 20 and 16 respectively. For both the male and female groups 

the differences in the average Tsl were non-significant. 
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6.1.5 Analysis of the question: 
"When was your last visit to the dentist?" 

In response to the question "When was your last visit to the dentist?", hardly any 

differences in frequency could be detected between males and females. Most 

respondents (twenty-two out of the thirty-six) had paid a visit to their dentist within 

the last couple of months. The DMFT did not differ for the male and female groups 

and therefore the total sample is given in respect of the analysis for DMFT in Table 

6.8. 

In the next table the "When was your last visit to the dentist?" and DMFT were 

related by providing the descriptive statistics ofDMFT for the various classes. 

Table 6.8 
Cross-tabulation according to: "When was your last visit to the dentist?", and Gender 
& Exposure Groups; providing the descriptive statistics for the DMFT 

Last Visit To Dentist 

GROUP Weeks Months Years 

Exposed Count 1 13 6 

Average 20.00 17.54 16.17 

Standard Deviation - 5.68 8.98 

Minimum 20 9 3 

Maximum 20 26 25 

Non-exposed Count 1 9 4 

Average 25.00 18.78 11.25 

Standard Deviation - 3.11 3.77 

Minimum 25 14 6 

Maximum 25 23 15 

Combined Groups - Count 2 22 10 

Combined Groups - Average 22.50 18.05 14.20 

Combined Groups - Standard Deviation 3.54 4.75 7.48 

Combined Groups - Minimum 20 9 3 

Combined Groups - Maximum 25 26 25 

As cell counts (frequencies) were too low, especially for the weekly column in 

response to the question: "When was your last visit to the dentist?", no inferences for 

both DMFT and Tsl (in the table below) could be drawn in this instance. 

113 

Stellenbosch University  https://scholar.sun.ac.za



In the next table the "When was your last visit to the dentist?" and Tsl (as measured 

by Weighted Sum of Tooth Surface Loss) were related by providing the descriptive 

statistics for the various classes. 

Table 6.9 
Cross-tabulation according to: "Last visit to the dentist?", and Gender & Exposure 
Groups; providing the descriptive statistics for the Weighted Sum Surface - Tsl 

Last Visit To Dentist 

GROUP Weeks Months Years 

Male Exposed Count 1 11 5 

Average 7 52.45 58.92 

Standard Deviation - 29.13 34.04 

Minimum 7 10.77 12.00 

Maximum 7 99.68 103.83 

Male Non-exposed Count - 1 2 

Average - 6.72 27.65 

Standard Deviation - - 33.02 

Minimum - 6.72 4.31 

Maximum - 6.72 51 

Female Exposed Count - 2 1 

Average - 4.54 4.31 

Standard Deviation - 3.48 

Minimum - 2.07 4.31 

Maximum - 7.00 4.31 

Female Non-exposed Count 1 8 2 

Average 18.26 19.92 5.83 

Standard Deviation - 18.80 8.25 

Minimum 18.26 4.15 0.00 

Maximum 18.26 51.52 11 .67 

6.1.6 Analysis of the question: "Do you grind or brux your teeth?" 

There were no significant differences in the frequency distributions of male exposed 

(three out of seventeen) and female non-exposed (three out of eleven) participants in 

response to the question whether they grind and/or brux their teeth (see next table). 
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Table 6.10 
Cross-tabulation according to: "Do you grind or brux your teeth?", and Gender & 
Exposure Groups; providing the descriptive statistics for the DMFT 

Do you grind or brux your teeth? 

GROUP Yes No ·-

Male Exposed Count 3 14 

Average 16.67 18.93 

Standard Deviation 8.02 6.02 

Minimum 9 3 

Maximum 25.00 26.00 

Male Non-exposed Count 1 2 

Average 15 12.00 

Standard Deviation - 0.00 

Minimum 15 12.00 

Maximum 15 12 

Female Exposed Count 1 2 

Average 8.00 11.00 

Standard Deviation - 1.41 

Minimum 8.00 10.00 

Maximum 8 12.00 

Female Non-exposed Count 3 8 

Average 16.00 19.00 

Standard Deviation 8.72 3.85 

Minimum 6.00 14 

Maximum 22 25 

The average DMFT for those who reported to be grinding their teeth or not, were 

similar. The same trend was observed for female non-exposed with respect to 

grinding of teeth and average DMFT. The same trend was found when comparing Tsl 

and grinding of teeth for both male exposed and female non-exposed. 
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Table 6.11 
Cross-tabulation according to: "Do you grind or brux your teeth?", and Gender & 
Exposure Groups; providing the descriptive statistics for the Weighted Sum Surface 
-Tsl 

Do you grind or brux your teeth? 

GROUP Yes No 

Male Exposed Count 3 14 

Average 39.09 54.38 

Standard Deviation 21.48 32.68 

Minimum 15.27 7 

Maximum 57.00 103.83 

Male Non-exposed Count 1 2 

Average 6.72 27.65 

Standard Deviation - 33.02 

Minimum 6.72 4.31 

Maximum 6.72 51 

Female Exposed Count 1 2 

Average 4.31 4.54 

Standard Deviation - 3.48 

Minimum 4.31 2.07 

Maximum 4.31 7.00 

Female Non-exposed Count 3 8 

Average 18.56 16.71 

Standard Deviation 28.62 13.17 

Minimum 0.00 4.15 

Maximum 51.52 40.73 

No distinguishable or logical pattern occurred for Tsl with respect to "grinding or not 

grinding" in the above table. Therefore, one could not assign an influence of 

"grinding" on Tsl. 

6.1. 7 Analysis of the question: 
"Have your teeth changed since your present job?" 

Seven out of sixteen individuals in the male exposed group reported that their teeth 

had changed since they were employed in their present job as wine-makers, whereas 

the rate for the female non-exposed group was one out of nine respondents. More 

males in the exposed group reported a change than the females in the non-exposed 

group. The difference between these two groups was not statistically significant (p = 

0.07). 
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Table 6.12 
Cross-tabulation according to: "Have your teeth changed since your present job?", 
and Gender & Exposure Groups; providing the descriptive statistics for the DMFT 

Have your teeth changed since . 
your present job? 

GROUP Yes No 

Male Exposed Count 7 9 
Average 19.29 18.22 
Standard Deviation 4.89 7.56 
Minimum 14 3 

Maximum 26 25 
Male Non-exposed Count - 3 

Average - 13.00 
Standard Deviation - 1.73 
Minimum - 12 
Maximum - 15 

Female Exposed Count 1 2 
Average 10.00 10.00 

Standard Deviation - 2.83 
Minimum 10 8 
Maximum 10 12 

Female Non-exposed Count 1 9 
Average 20.00 17.78 
Standard Deviation - 5.78 
Minimum 20 6 
Maximum 20 25 

The average DMFT for those who reported that their teeth changed or did not change 

were similar, namely 19 and 18 respectively. Among the female non-exposed group 

only one out of ten persons reported a change since they were employed in their 

present job, with little difference between their DMFT. In the male exposed group 

there was a big difference in the average Tsl scores, namely 63 and 43 respectively, 

for those individuals who reported a change in the status of their teeth and those who 

reported no change. The Wilcoxon Test for the location of two samples yielded a 

non-significant result p > 0.10. 
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Table 6.13 
Cross-tabulation according to: "Have your teeth changed since your present job?", 
and Gender & Exposure Groups; providing the descriptive statistics for the Weighted 
Sum Surface - Tsl 

Have your teeth changed since your present job? 
GROUP Yes No 
Male Exposed Count 7 9 

Average 62.51 42.67 
Standard Deviation 32.00 30.94 
Minimum 15.27 7.00 
Maximum 99.68 103.83 

Male Non-exposed Count - 3 
Average - 20.68 
Standard Deviation - 26.29 
Minimum - 4.31 
Maximum - 51.00 

Female Exposed Count 1 2 
Average 7.00 3.19 
Standard Deviation - 1.58 

Minimum 7.00 2.07 
Maximum 7.00 4.31 

Female Non-exposed Count 1 9 
Average 4.15 19.33 

Standard Deviation - 18.07 
Minimum 4.15 0.00 

Maximum 4.15 51.52 

Comparing the counts of the subjects whose "Teeth have changed since your present 

job" in two groups, it was observed that the teeth of seven out of the sixteen in the 

Male Exposed group have changed and only one of the ten individuals in the Female 

Non-exposed group (0.10 > p > 0.05). The average of the Tsl has not been 

significantly different in the "Yes-Male Exposed" group and the No-Male Exposed 

group (p > 0.10). 

In response to the question "Do you have any problems when drinking hot drinks?", 

the cell frequencies for those individuals who experienced problems with the drinking 

of hot drinks were extremely low (two individuals) and did not lend to deductions. 

The results to the question: "Do you have any problems when drinking cold drinks?", 

are discussed in the next paragraph. 
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6.1.8 Analysis of the question: 
"Do you have any problems when drinking cold drinks?" 

In response to the question "Do you have any problems when drinking cold drinks?", 

just about a quarter of the male exposed group replied in the affirmative whereas two 

out of eleven of the female non-exposed group said yes. 

Table 6.14 
Cross-tabulation according to: "Do you have any problems when drinking cold 
drinks?", and Gender & Exposure Groups; providing the descriptive statistics for the 
DMFT 

Do you have any problems when 
drinking cold drinks? 

Group Yes No 

Male Exposed Count 4 14 

Average 19.00 18.29 

Standard Deviation - 6.65 

Minimum 16 3 

Maximum 24 26 

Male Non-exposed Count 3 

Average 13.00 

Standard Deviation -
Minimum 12 

Maximum 15 

Female Exposed Count 2 1 

Average 9.00 12.00 

Standard Deviation - -
Minimum 8 12 

Maximum 10 12 

Female Non-Exposed Count 2 10 

Average 21.00 17.20 

Standard Deviation - 5.43 

Minimum 20 6 

Maximum 22 25 

The average DMFT for those who reported to have problems with cold drinks were 

similar. This trend was also observed for female non-exposed persons with respect to 

problems with cold drinks and average DMFT. The same trend was found when 
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comparing Tsl and problems experienced with cold drinks for both male exposed and 

female non-exposed. 

Table 6.15. 
Cross-tabulation according to : "Do you have any problems when drinking cold 
drinks?", and Gender & Exposure Groups; providing the descriptive statistics for the 
Weighted Sum Surface - Tsl 

Do you have any problems 
when drinkin! cold drinks? 

GROUP Yes No 

Male Exposed Count 4 13 

Average 52.35 51.47 
Standard Deviation 12.81 35.22 

Minimum 38.08 7.00 
Maximum 67.67 103.83 

Male Non-exposed Count - 3 
Average - 20.68 
Standard Deviation - 26.29 
Minimum - 4.31 

Maximum - 51.00 
Female Exposed Count 2 1 

Average 5.65 2.07 
Standard Deviation 1.90 -
Minimum 4.31 2.07 
Maximum 7.00 2.07 

Female Non-exposed Count 2 9 
Average 27.83 14.85 
Standard Deviation 33.50 13.52 
Minimum 4.15 0.00 
Maximum 51 .52 40.73 

The average Tsl for those who reported to have problems with cold drinks (or not) 

was similar, and the same with respect to the male exposed and female non-exposed 

groups. 
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6.2 SUMMARY 

The researchers within Stellenbosch University were initially approached by wine

makers who expressed concern regarding their deteriorating oral health status. The 

purpose of this part of the investigation was to determine perceptions of oral function, 

knowledge, awareness and behaviour regarding the risk of erosion among wine

makers and their spouses. A questionnaire was administered to determine 

environmental, demographic, medical, dental, dietary, behavioural and other possible 

factors associated with tooth surface loss. Results were analysed according to gender, 

exposure group, Tsl (weighted sum surface) and DMFT. 

Useful information was obtained which underlines the importance of collecting data 

around public perceptions of oral diseases in addition to the assessment of normative 

needs in order to provide a more comprehensive understanding of the scope of oral 

health problems. Almost no statistically significant results, however, were obtained 

for any of these categories for the questions posed. Throughout the analysis of Tsl in 

this chapter the average Tsl is much less for the female non-exposed compared to 

male exposed group. A pervasive limitation encountered in the analysis of almost all 

the epidemiological findings is that the gender distribution of the exposed and non 

exposed groups were distributed in such a manner that males dominated the exposed 

group and females dominated the non exposed groups. It was possible to circumvent 

this problem in those cases where the responses were not dependent on any gender

linked behaviour. 

The non-exposed group was more satisfied with the appearance of their teeth than the 

exposed group for all the categories investigated. The average Tsl was almost double 

for those not satisfied (61.03) with their teeth compared to those satisfied (38.32). 

The variation of Tsl for both groups was however excessive. 

A relatively small proportion of respondents experienced problems with their teeth or 

mouth. Just less than a third of the male exposed group experienced problems 

compared to approximately a fifth of the non-exposed females. Due to small sample 

sizes of the cells and large standard deviation no valid deductions can be offered with 

respect to Tsl and DMFT and "problems experienced with teeth and mouth". 
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In respect to perceptions of having pain in teeth or mouth about a third of the male 

exposed group complained of having pain compared to none in the female non

exposed group. The difference between these two groups was significant (p<0.05). 

No major differences existed in the male exposed group between those with pain or 

those without pain in respect of mean Tsl and mean DMFT. 

Just more than half of the male exposed group compared to just less than a third of the 

female non exposed group reported sensitivity on their teeth. The average DMFT for 

the two groups were similar. No valid deductions can be usefully made in respect of 

the Tsl offered due to the large variation in the standard deviation. 

Frequency of visit to the dentist elicited no noteworthy differences for the categories 

investigated. Grinding and bruxism were also similar for the different categories and 

did not show any influence on the mean DMFT and Tsl. 

Almost half of the male exposed group reported that their teeth have changed since 

they were employed in their present job as wine-makers, whereas the rate for the 

female non-exposed group was one out of ten. The average DMFT for those who 

reported that their teeth changed or did not change, were similar. In the male exposed 

group there was a big difference (nevertheless non-significant) in the average Tsl 

scores, namely 63 and 43 respectively, for those individuals. who reported a change in 

the status of their teeth and those who reported no change since in their current 

employment. 

The occurrence of problems when drinking cold drinks was similar for exposed and 

non-exposed groups. The average DMFT for those who reported to have problems 

and no problems with the drinking of cold drinks were similar. This trend was also 

observed for the female non-exposed group. 

None of the observed differences in DMFT and Tsl were statistically significant 

within the two major groups 'Male Exposed' and 'Female Non-exposed'. A small 

difference in the prevalence of pain occurred, however, between the 'Male Exposed' 

(six out of seventeen) and 'Female Non-exposed' (none out of eleven) groups. 
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CHAPTER 7 

RISK FACTOR ASSOCIATIONS WITH SPECIAL 
REFERENCE TO TOOTH 

SURFACE LOSS 

7.1 RISK FACTOR ASSOCIATIONS WITH SPECIAL 
REFERENCE TO TOOTH SURFACE LOSS 

In an attempt to explain the occurrence of tooth smface loss due to exposure to wine, a series 

of correlations were investigated to direct the study towards clarifying the factors that could 

possibly be associated with Tsl. Risk factors such as smoking, medication, and medical 

history were related to stain scores, oral mucosa! lesions and Tsl. Participants were asked 

about medication currently used, with known side effects on salivary function . 

The correlation matrix between the sets of measurements "WghtdSumSurf, SumSurfl23, 

SumSurf23, WghtdSumEt, Sum123Et and Sum23Et" and "number of decayed surfaces, filled 

surfaces and stain scores", were studied. The terminology is explained in the Abbreviations, 

Glossary and the Definition of Terms section. Selected correlations are presented in the next 

paragraph. 

7.2 THE CORRELATIONS WITHIN THE COMPLETE SAMPLE (all 

sub-groups) BETWEEN DECAYED SURFACES AND Tsl MEASURES 

Table 7.1 summarises a set of correlations between the number of decayed surfaces and the 

measurements: WghtdSumSurf, SumSurfl23, SumSurf23 and the corresponding values, with 

the tooth as the unit of analysis (WghtdSumEt, Sum123Et, Sum23Et). 
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Table 7.1 
Pearson correlations for the complete sample between the following derived measurements of 
Tsl: WghtdSumSurf, SumSurfl.23 , SumSurf23 , WghtdSumEt, Suml23Et and Sum23Et and 
number of decayed surfaces 

Tsl measures No of Decayed Surfli!ces 

WghtdSumSurf 0.490 
SumSurf123 0.494 
SumSurf23 0.408 
WghtdSumEt 0.469 
Sum123Et 0.428 
Sum23Et 0.438 

The Tsl measures are explained in the Abbreviations, Glossary and the Definition of Terms 

section. An ordinary Pearson correlation was calculated between the number of decayed 

surfaces and the different erosion scores. Due to the similarity of calculation of the tooth 

surface loss measures, the correlations are all positive and of the same magnitude (also called 

multi-co linearity). The number of decayed surfaces explains twenty four percent of the 

variation of weighted tooth surface loss sum and vice versa. 

A Pearson correlation was calculated for the complete sample between the number of filled 

surfaces and the sum of Tsl scores per tooth. The Pearson correlation between the number of 

filled surfaces (FS) and Suml23Et was= 0.259. The number of filled surfaces (SF) explains 

seven percent of the variation of weighted tooth surface loss on individual teeth and vice 

versa. 

7.3 THE CORRELATIONS WITHIN THE COMPLETE SAMPLE 

BETWEEN STAIN SCORES AND Tsl MEASURES 

Table 7 .2 demonstrates the Pearson correlations for the complete sample between Stain Score 

and SumSurf23E, WghtdSumEt, Suml23Et and Sum23Et. 
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Table 7.2 
Pearson correlations for the complete sample between Stain Score and SumSurf23E, 
WghtdSumEt, Sum123Et and Sum23Et 

Tsl measures Stain Score 

SumSurf23E 0.464 -
WghtdSumEt 0.288 

Sum123Et 0.208 

Sum23Et 0.442 

The stain score explains twenty-two percent of the variation of tooth surface loss for grades 2 

and 3 for tooth surfaces and nineteen percent for individual teeth and vice versa. The 

relationship for grades 1, 2 and 3 was not as strong for the specialised scores where only 

Grades 2 and 3 were taken into account. 

7.4 THE INFLUENCE OF SMOKING 

7.4.1 The Influence Of Smoking on Stain Score 

The association between smoking and stain score was explored and the results are 

summarised in Table 7.3 . 
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Table 7.3 
Descriptive statistics of Stain Score for the following factors "ever smoked" and 
exposure/gender groups 

Ever Smoked? 

GROUP No Yes Total 

Male Exposed Count 9 9 18 
Average 11.97 13.26 12.62 
Standard Deviation 10.31 9.93 9.84 
Minimum 0.00 1.14 0.00 
Maximum 30.61 30.86 30.86 

Male Non-exposed Count 2 1 3 
Average 8.25 19.00 11 .83 
Standard Deviation 6.44 - 7.70 
Minimum 3.69 19.00 3.69 
Maximum 30.61 30.86 30.86 

Female Exposed Count 2 1 3 
Average 6.52 4.74 5.93 
Standard Deviation 9.22 - 6.60 
Minimum 0.00 4.74 0.00 
Maximum 13.04 4.74 13.04 

Female Non-exposed Count 6 6 12 
Average 4.00 8.37 6.19 
Standard Deviation 4.24 6.32 5.61 
Minimum 0.00 0.00 0.00 
Maximum 10.67 18.46 18.46 

Both groups (smokers and non-smokers) within the male exposed individuals comprised of 

nine persons each and the staining score was slightly more in the smoking group (13) 

compared to the non-smokers (12). Four cells associated with male non-exposed and female 

exposed were ignored due to low sample numbers (6 in total). As was anticipated, the 

staining was more than two times greater in the female non-exposed group, although 

interestingly, both groups had one or more individuals with no staining. An advantageous 

comparison between male and female non-smokers showed respectively a stain score of 12 

and 4. These two groups also had one or more individuals with no staining. These two 

groups were compared statistically by means of a Wilcoxon Test, different only on the 10% 

significance level. As was expected, the average of the male non-smoking group was greater 

than that of the female non-exposed group. The difference was non-significant and the 

findings fit in with the larger picture of staining by smoking and wine-tasting. When the two 

smoking groups are compared (male exposed and female non-exposed), it is clear that scores 

are respectively 13 and 8 respectively, which are not drastically different if the large standard 

deviations are taken into account. The above table illustrates the positive staining effect of 
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smoking and wine-tasting, consistently. The trend is confirmed in that the smoking male 

exposed group have the highest staining score and the female non-exposed, non- smokers 

have the lowest score. 

7.4.2 The Influence of Smoking on the DMFT 

The association between smoking and DMFT count was explored and the results are 

summarised in Table 7.4. 

Table 7.4 
Descriptive statistics ofDMFT count for the following factors "ever smoked" and 
exposure/gender groups 

Ever Smoked? 

GROUP No Yes Total 

Male Exposed Count 9 9 18 
Average 17.89 19.00 18.44 
Standard Deviation 6.88 5.36 6.01 
Minimum 3.00 9.00 3.00 
Maximum 25.00 26.00 26.00 

Male Non-Exposed Count 2 1 3 
Average 13.50 12.00 13.00 
Standard Deviation 2.12 - 1.73 
Minimum 12.00 12.00 12.00 
Maximum 15.00 12.00 15.00 

Female Exposed Count 2 1 3 
Average 13.50 12.00 13.00 
Standard Deviation 2.12 - 1.73 
Minimum 12.00 12.00 12.00 
Maximum 15.00 12.00 15.00 

Female Non-Exposed Count 2 1 3 
Average 13.50 12.00 13.00 
Standard Deviation 2.12 - 1.73 
Minimum 12.00 12.00 12.00 
Maximum 15.00 12.00 15.00 

It is worthy to note that within the various subgroups almost an equal number of individuals 

were smokers (ever smoked) and non-smokers. It is also apparent that generally the DMFT 

does not differ between the various subgroups. This is especially true in the case of male 
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exposed and female non-exposed groups. fu this study it does not appear that smoking has 

any influence on the DMFT. 

7.4.3 The Influence of Smoking on the Tsl 

The association between smoking and WghtdSumSurf was explored and the results are 

summarised in Table 7.5. 

Table 7.5 
Descriptive statistics ofW ghtdSumSurf count for the following factors "ever smoked" and 
exposure/gender groups 

Ever Smoked? 

GROUP No Yes Total 

Male Exposed Count 9 9 18 
Average 44.11 60.78 52.45 
Standard Deviation 31 .73 27.96 30.26 

Minimum 10.77 7.00 7.00 
Ma:ximum 103.83 99.68 103.83 

Male Non-Exposed Count 2 1 3 
Average 5.51 51.00 20.68 
Standard Deviation 1.71 - 26.29 
Minimum 4.31 51.00 4.31 
Maximum 6.72 51.00 51.00 

Female Exposed Count 2 1 3 
Average 4.54 4.31 4.46 
Standard Deviation 3.48 - 2.47 
Minimum 2.07 4.31 2 .07 
Maximum 7.00 4.31 7.00 

Female Non-Exposed Count 6 6 12 
Average 14.33 17.40 15.86 
Standard Deviation 19.38 15.45 16.79 
Minimum 0.00 4.15 0.00 
Maximum 51.52 40.73 51.52 

A small non-significant difference between the female non-exposed smokers and non

smokers was observed forthe WghtdSumSurf(14 and 17 respectively). As observed earlier, 

a major difference with statistical significance (p < 0.05) exists between the male exposed and 

female non-exposed groups. Between the male exposed smokers and non-smokers there was 

a difference (p<O. l 0). 
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The major observation that can be made from the descriptive statistics of WghtdSumSurf 

from the composite table is that the male exposed group had an average W ghtdSumSurf of 52 

when all sub-groups were combined, which was three times more than the average for the 

female non-exposed (mean = 16). 

7.5 THE INFLUENCE ON Tsl BY MEDICATION AND/OR SMOKING 

Descriptive statistics ofWghtdSumSurf, for factors medication (yes/no), smoking (yes/no) is 

summarised for all, subgroup male exposed and female non-exposed in Table 7 .6a + b for 

males and females respectively. 

Table 7.6a 
Descriptive statistics of W ghtdSumSurf for factors medication (yes/no), smoking (yes/no) 

M/F Males 

GROUP Male Exposed 

On Medication? 

Ever smoked? Yes No (Blank) Total 

No Count 4 4 1 9 
Average 56.21 26.67 65.47 44.11 
Standard 38.31 21.55 31.73 Deviation -
Minimum 15.27 10.77 65.47 10.77 

Maximum 103.83 57.08 65.47 103.83 
Yes Count 5 4 - 9 

Average 57.06 65.43 - 60.78 
Standard 33 .04 24.05 - 27.96 Deviation 
Minimum 7.00 45.00 - 7.00 
Maximum 99.68 94.96 - 99.68 

Total Count 9 8 1 18 
Total Average 56.69 46.05 65.47 52.45 
Total Standard Deviation 33.11 29.60 - 30.26 
Total Minimum 7.00 10.77 65.47 7.00 

Total Maximum 103.83 94.96 65.47 103.83 

129 

Stellenbosch University  https://scholar.sun.ac.za



Table 7.6b 
Descriptive statistics ofWghtdSumSurffor factors medication (yes/no), smoking (yes/no) 

IM/F 
GROUP 

Ever smoked? 
No 

Yes 

Total Count 
Total Average 

I Females ~on-exposed 

Count 
Average 
Standard Deviation 
Minimum 
Maximum 
Count 
Average 
Standard Deviation 
Minimum 
Maximum 

Total Standard Deviation 
Total Minimum 
Total Maximum 

Yes 
3 

268371? f:)~: 
..... .·.·.·.•.· . 

22.23 
9.33 

51 .52 
3 

25.79 
19.19 
4.15 

40.73 
6 

26.08 
18.58 
4.15 
51.52 

On Medication 
No (Blank) Total 
2 1 6 

:Zi~4 11 1.04 14.33 
4.12 - 19.38 
0.00 1.04 0.00 
5.83 1.04 51.52 

3 - 6 
9.00 - 17.40 
4.21 - 15.45 
4.15 - 4.15 
11.67 - 40.73 

5 1 12 
6.57 1.04 15.86 
4.92 - 16.79 
0.00 1.04 0.00 
11.67 1.04 51.52 

The male non-smokers not on medication had the lowest mean WghtdSumSurf (Mean=27). 

The difference in the mean W ghtdSumSurf for the smokers on, and not on medication, was 

negligible. The highest mean W ghtdSumSurf was attained for smokers who were not on 

medication. The male non-smokers not on medication (only four individuals) appear to be 

different in terms of their W ghtdSumSurf scores from the remaining cells of the male non

smoker group. No statistical testing was carried out to confirm this, as the cell frequencies 

were extremely low. 

In the case of the females, similar trends were observed to those of the males. 
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7 .5.1 The influence of Smoking on Oral Mucosa( Lesions 

Table 7.7 
Descriptive statistics of smoking and occurrence of Oral Mucosal Lesions 

Male Exposed - Ever Smoke Tms 

Any Oral Lesion No Yes Total 

No Count 2 1 3 

Row% 67% 33% 100% 

Column% 22% 11 o/o 17% 

Yes Count 7 8 15 

Row o/o 47% 53% 100% 

Column o/o 78% 89% 83% 

Female Non-exposed 

No Count 3 2 5 

Row o/o 60% 40% 100% 

Column o/o 50% 33% 42% 

Yes Count 3 4 7 

Row o/o 43% 57% 100% 

Column% 50% 67% 58% 

Fifteen of the eighteen male-exposed group had oral mucosal lesions, compared to seven of 

the twelve non-exposed females (p= 0.13). Due to small numbers in the various cells it was 

not possible to show an association in the exposure group. 

7.6 RELATING SALIVARY AND GASTRIC PROBLEMS AND Tsl 

WITHIN THE FOUR EXPOSURE/GENDER GROUPS 

Individuals were asked about their medical history. The questions included whether 

participants experienced any problems: stomach ailments, regurgitation problems, heartburn, 

indigestion, belching or any problems with salivary gland function. The results are 

 summarised in Table 7.8. 
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Table 7.8 
Descriptive statistics ofWghtdSumSurf for factors on medical history related to salivary and 
gastric problems (yes/no) 

Salivary & Stomach 
GROUP No Yes Total -
Male Exposed Count 12 6 18 

Average SO.OS S7.2S S2.4S 
Standard Deviation 31.2S 30.38 30.26 
Minimum 10.77 7.00 7.00 
Maximum 103.83 99.68 103.83 

Male Non-Exposed Count 2 1 3 
Average 27.6S 6.72 20.68 
Standard Deviation 33.02 - 26.29 
Minimum 4.31 6.72 4.31 
Maximum S1 .00 6.72 51.00 

Female Exposed Count 1 2 3 
Average 7.00 3.19 4.46 
Standard Deviation - 1.58 2.47 
Minimum 7.00 2.07 2.07 
Maximum 7.00 4.31 7.00 

Female Non-Exposed Count 7 5 12 
Average 16.48 14.99 15.86 
Standard Deviation 14.21 21 .69 16.79 
Minimum 4.15 0.00 0.00 
Maximum 40.73 51 .52 51.52 

The prevalence of stomach and salivary problems were not different in the exposed males and 

non-exposed females. Within the exposed male group the weighted sum surface was not 

affected, although it was slightly more in the group that had salivary and stomach problems. 

7.7 RELATING MEDICINES WITH KNOWN SIDE-EFFECTS ON 

SALIVARY FUNCTION WITHIN THE FOUR EXPOSURE/GEN"DER 

GROUPS 

Participants were asked about medication currently used with known side effects on salivary 

function. 
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Table 7.9 
Descriptive statistics ofWghtdSumSutfmedication (yes/no) with known side effects on 
salivary function 

On Medication 

GROUP Ye~ No (Blank) Total 

Male Exposed Count 9 8 1 18 
Average - ~- 65.47 52.45 
Standard Deviation 33.11 29.60 - 30.26 
Minimum 7.00 10.77 65.47 7.00 
Maximum 103.83 94.96 65.47 103.83 

Male Non-Exposed Count 3 3 
Average 20.68 20.68 
Standard Deviation 26.29 26.29 

Minimum 4.31 4 .31 

Maximum 51 .00 51.00 
Female Exposed Count 1 2 3 

Average 4.31 4.54 4.46 
Standard Deviation - 3.48 2.47 

Minimum 4.31 2.07 2.07 
Maximum 4.31 7.00 7.00 

Female Non-Exposed Count 6 5 1 12 
Average Bt26:0a '"' ·~ ... 'A~l , ;. 1.04 15.86 
Standard Deviation 18.58 4.92 - 16.79 
Minimum 4.15 0.00 1.04 0.00 
Maximum 51 .52 11 .67 1.04 51 .52 

The frequencies of individuals in the male exposed group and in the female non-exposed 

group, on medication or not, were similar and in the region of fifty percent in each category. 

The mean WghtdSumSutf ofthose male exposed cases on medication was higher(56.69)than 

those not on medication (46 .05). 

~th~ugh the mean WghtdSumSutf of the female non-exposed group not on medication 

(26.08) was three times lower than those on medication (6.57), this difference was not 

significant. 
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7.8 SUMMARY 

In this chapter relationships were investigated to explain the occurrence of tooth surface loss . 

Risk factors such as smoking, medication, and medical history were related to stain scores, 

oral mucosa} lesions and tooth surface loss. Participants were asked about their use of 

medication with known side effects on salivary function. The correlation matrix for the 

measurements of WghtdSumSurf, SumSurfl23, SumSurf23 and the corresponding values 

using the tooth as the unit of analysis was employed. Decayed surfaces, filled surfaces and 

stain scores were investigated and correlations presented. 

The number of decayed surfaces explains approximately twenty four percent of the variation 

of weighted tooth surface loss sum and vice versa. On the other hand, the number of filled 

surfaces explains seven percent of the variation of weighted tooth surface loss on individual 

teeth and vice versa. The stain score explains twenty two percent of the variation of tooth 

surface loss for Grades 2 and 3 for tooth surfaces and nineteen percent for individual teeth and 

vice versa. The relationship for Grades 1, 2 and 3 was not as strong forthe specialised scores 

where only Grades 2 and 3 were taken into account. A difference between the average 

staining score for the male exposed group who never smoked and the female non-exposed 

group who never smoked was detected. This difference did not spill over to the smokers. 

The synergistic effect of exposure to wine and smoking on staining of teeth was confirmed. 

In this study it does not appear that smoking has any influence on the DMFT. Between the 

male exposed smokers and non-smokers there is a difference in Tsl score which was 

statistically significant (p< 10%). A noteworthy finding from this study was that the male 

exposed group had an average WghtdSumSurf (52) which was three times more than the 

average for the female non-exposed (16) group. 

The male non-smokers not on medication had the lowest mean WghtdSumSurf (27). The 

differences in the mean W ghtdSumSurf for the smokers on and not on medication was 

marginal. The highest mean WghtdSumSurf was attained for smokers who were not on 

medication. A greater difference exists for those females on and not on medication. 

There were no differences in the exposed males and non-exposed females with respect to of 

stomach and salivary problems. Within the exposed male group the weighted sum surface 
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was not affected by the salivary and stomach problems, although it was slightly more in the 

group that had salivary and stomach problems. 

Participants were asked about medication with known side effects on salivary function they 

are taking. The Tsl of the male exposed cases on medication were higher than those not on 

medication. Although the mean WghtdSumSurf of the female non-exposed group not on 

medication was three times lower than those on medication, this difference was not 

significant. 
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CHAPTERS 

THE INFLUENCE OF WINE ON THE 
MICROHARDNESS OF ENAMEL 

8.1 INTRODUCTION 

Twenty-one enamel blocks were prepared as explained earlier, sonicated and 

randomly allocated to three experimental groups. Each experimental group contained 

seven teeth and these were allocated to the three different types of wines. Each of the 

specimen teeth with the prepared enamel surfaces were individually exposed and 

gently agitated for 2, 5, 15, 30, 45 and 60 minutes in 20 ml of the respective wines at 

20°C. 

The results of the effect of wine on human permanent enamel exposed to three types 

of wines for six (technically seven, if the baseline of time zero is taken into 

consideration) different time periods (0, 2, 5, 15, 30, 45 and 60 minutes), as assessed 

quantitatively with the aid of a microhardness test, are presented in this section. 

The purpose for doing the microhardness experiment was to add to the existing body 

of knowledge on the sole effect of wine on human permanent teeth, to quantify the 

effect of different wines on enamel and to assess this effect over time. This was done 

by measuring the Knoop Hardness of enamel exposed to different wines over varying 

time periods. (See Materials and Methods). 

Statistical inferences were drawn from baseline corrected values. Descriptive 

statistics of the microhardness are provided as well as graphical displays of the 

microhardness measurements over time for each of the three wines. Wilcoxon non

parametric tests were performed to compare the median microhardness associated 

with each of the three wines. The calculated slopes of the changes at two, five, 

fifteen, thirty, forty-five and sixty minutes were compared by means of the Wilcoxon 

test with respect to the three wines. Descriptive statistics were determined for all 

measurements made for the slopes of the changes that occurred in the Knoop 

Hardness during the immersion of the teeth in each of the three wines. Wilcoxon non-
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parametric tests were performed to compare the slopes associated with each of the 

three wines. 

8.1.1 Knoop Hardnesses on the various time points 

Descriptive statistics were determined for all the Knoop Hardnesses on the various 

time points and are summarized in Table 8.1. 
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Table 8.1 
Descriptive statistics for all the Knoop Hardnesses for teeth immersed in the three wines for various durations 

Mean 

Median 

SD 

Range 

Min 
Max 

Wilcoxon Test 

on base-line 

Corrected 

Values 

Ascending Rank 

KnoopN_O 

Vin1 Vin2 

2486 3075 

2340 3083 

413 339 

998 975 

2025 2547 

3023 3522 

Base-line-

no 
comparison 

Order-positions 

KnoopN_2 

Vin3 Vin1 Vin2 Vin3 

2897 2121 2586 2964 

2858 2112 2682 2820 

243 336 386 578 

653 933 1152 1733 

2618 1688 1932 2513 

3270 2621 3083 4245 

Medians equal 

Three One Two 

KnoopN_S KnoopN_15 KnoopN_30 

Vin1 Vin2 Vin3 Vin1 Vin2 Vin3 Vin1 Vin2 Vin3 

2042 2327 2570 1575 2012 1874 1394 1338 1965 

2153 2318 2438 1500 1932 2040 1275 1395 1782 

326 107 422 225 453 377 320 252 537 

795 323 1208 608 1440 833 893 713 1587 

1605 2205 2265 1343 1538 1418 1170 1043 1235 

2400 2528 3473 1950 2978 2250 2063 1755 2820 

Medians equal Medians equal Medians not equal 

Three One Two One Two Three Three One Two 

KnoopN_45 KnoopN_60 

Vin1 Vin2 Vin3 Vin1 Vin2 Vin3 

1109 1002 1406 927 791 1308 

1065 980 1538 908 m 1238 

107 200 308 99 186 365 

308 627 893 260 525 1005 

990 800 780 803 608 690 

1298 1425 1673 1062 1133 1695 

Medians not equal Medians not equal 

One Three Two One Three Two 
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Medi-an changes from baseline values of the Knoop Hardness for the different wines 

at varying time periods were measured as is shown in Table 8.1. The tooth blocks 

were randomly allocated as is explained in the materials and methods. The 

assumption is therefore made that the Knoop Hardnesses of the teeth at baseline (time 

zero) were similar. 

In the above table it was clear that the variability of the Hardness as measured by the 

SD was relatively small . The SDs of the Knoop Hardness measurements associated 

with Wine One remained approximately constant over time. The SDs associated with 

Wine Two increased in general over time. The implication of this is that the effect of 

Wine Two was different on the seven specimens and this differentiation increased 

over time. As was the case with Wine Two, the SDs associated with Wine Three also 

increased in general over time. 
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8.1.2 Graphical display of the microhardness over time for 

Wines 

Figure 8.1 represents a graphical display of the microhardness measurements over 

time for Wine One in the raw Knoop Hardness values for the entire individual seven 

enamel blocks. 

-+- Seriea1 
-+- Series2 

Sariaa3 
- sariaa4 
--- sariae5 
--serio66 
- S8"os7 

D+-~~-.-~~-.--~~-.-~~--.~~~..--~~~~---< 

a 10 60 70 

Figure 8.1 
Microhardness over time for Wine One 

From figure 8.1 it is evident that there is a reduction in Knoop Hardness over time for 

all the enamel specimens exposed to Wine One. The fastest change occurred during 

the initial time periods (two and five minutes). 

Figure 8.2 represents a graphical display of the microhardness measurements over 

time for Wine Two in the raw Knoop Hardness values for the entire individual seven 

enamel blocks. 
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--+- Sarioo1 

--- seriee2 
Saries3 

- Serie64 
-+-Serie&5 
-+-Saries6 
- seri1s7 

O+-~~-.-~~~~~~-.-~~---.~~~..,-~~-.-~~--i 

D 10 3l 60 70 

Figure 8.2 
Microhardness over time for Wine Two 

The Knoop Hardness change over time appears to display a similar trend in Wine 

Two as occurred in Wine One. In general there is a reduction of Knoop Hardness 

over time that is accelerated over the first two time periods. There appears to be a 

fluctuation in hardness for the different enamel specimens that are more marked than 

in Wine One. 
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Figure 8.3 represents a graphical display of the microhardness measurements over 

time for Wine Three in the raw Knoop Hardness values for the entire individual seven 

enamel blocks. 

-4- Seri881 

I --serios2 

i 1!i00 

Seri""3 
- Serin4 

l - Saries5 .. --Serioo6 
- sarin7 

11m 

0+-~~-.--~~-.-~~-.-~~--.-~~~.--~~-.-~--i 

0 10 2IJ !i) !iO 70 
111n ...... _ 

Figure 8.3 
Microhardness over time for Wine Three 

For Wine Three the Knoop Hardness change over time appears to display a similar 

trend as for Wine One. In general there is a reduction of Knoop Hardness over time 

that is accelerated over the first two time periods. There appears to be an excessive 

fluctuation in hardness for the different enamel specimens, which is more marked than 

in Wine Two. 

8.1.3 Knoop Hardness of enamel corrected for baseline 

The median changes of the Knoop Hardness of enamel specimens corrected for 

baseline (at time zero) is summarised and presented in Figure 8.4. The change in 

Hardness values is represented by a single median for each wine and each time point. 

It is therefore obvious that each line associated with one of the three wines will start at 

the origin (time= O; hardness change = 0). 
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Figure 8.4 
Comparative changes in Knoop Hardness for three wines over time 

The graph shows that all three wines have a deteriorating effect over time on the 

hardness of the enamel. It was clear that at all the time points a downward (negative) 

median slope was present. However, the effect differs with the three wines. The 

variability of the slopes was excessive at the various time points for all three wines. 

At Time 2 minutes the effect of the wines is virtually the same and from there 

onwards there is a differentiation. The differences between the three wines could be 

statistically detected at 30 minutes, at which point it is clear that the effect of Wine 

Two is different from that of Wine One and Wine Three. From this it was clear that 

Wine Two had the severest influence on the hardness of the teeth, as it was 

significantly different from 30 minutes onwards. 

This distinction is maintained for time periods at 45 minutes and 60 minutes. It is 

plausible that differences at an earlier time point could be statistically concealed due 

to a lack of power. This excessive variability in the Knoop Hardness determination 

possibly influenced the significance tests used to compare the median slope for the 

three wines, adversely, with the result that only at Time 30 minutes, Wine Two had a 

significantly different slope from Wines One and Three. 

It should also be borne in mind that the dispersion at each time point for each wine is 

not displayed. The single line was used in this instance as opposed to multiple lines 
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as was shown in Figures 8.1, 8.2 and 8.3 , to enhance the trend graphically between the 

wmes. 
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8.1.4 Drop in hardness over unit time. 

Table 8.2 
Descriptive statistics for all the calculated slopes in "Knoop Hardnesses units per minute" for teeth immersed in the three wines for various 
durations. (The slope could not be calculated for Baseline) 

SI ope 2 SI ope 5 SI ope 15 SI ope 30 SI ope 45 SI ope 60 

Vin1 Vin2 Vin3 Vin1 Vin2 Vin3 Vin1 Vin2 Vin3 Vin1 Vin2 Vin3 Vin1 Vin2 Vin3 Vin1 Vin2 Vin3 

Mean -121.5 -162.9 22.7 -17.6 -57.6 -87.9 -31.1 -21 .0 -46.4 -8.0 -30.0 4.1 -12.7 -14.9 -24.8 -8.1 -9.4 -4.3 

Median -92.5 -93.8 -82.5 -18.3 -43.3 -76.7 -24.0 -25.8 -20.5 -9.7 -23.0 -1 .0 -9.8 -14.7 -19.8 -0.8 -11 .3 -4.0 

SD 83.7 128.6 209.0 77.7 87.4 175.5 23.3 32.6 46.3 6.0 19.0 28.9 10.2 7.1 32.9 2.4 6.7 13.0 

Range 242.5 356.3 612.5 243.3 255.8 585.0 62.5 110.0 121.5 17.7 57.0 89.5 32.3 22.3 104.2 6.3 16.7 36.0 

Min -300 -383.8 -150 -121.7 -170 -440 -07.5 -06 -133 -12.7 -07.7 -27.2 -34 -25.3 -90.7 -12.2 -17.7 -20 

Max -57.5 -27.5 462.5 121 .7 85.8 145 -5 44 -11 .5 5 -10.7 62.3 -1 .7 -3 13.5 -5.8 -1 16 

Slope is a measure of the drop in hardness over unit time. 
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The effect of the three wines on the hardness was compared on the change from 

baseline at each of the times: 2, 5, 15, 30, 45 and 60 minutes. This was summarised in 

the last row of Table 8.2. An analysis of the slopes at each time point showed that the 

downward trend of change in hardness was most severe at time point 2 minutes. It 

decreased at 5 minutes and thereafter the slope remained constant. The variability of 

the slopes was excessive at the various time points for all three wines. This excessive 

variability influenced the significance tests, used to compare the median slope for the 

three wines, adversely, with the result that only at Time 30 minutes, Wine Two had a 

significantly different slope from Wines One and Three. 

The slope is not uniformly negative for the individual tooth specimen as can be 

observed from the minima and maxima of the slopes presented in Table 8.2. 

8.1.5 Predictability of the prior hardness on the subsequent 

A Spearman Rank Test was done to explore whether it is possible to predict whether 

prior hardness as determined had any influence on the subsequent hardness measure 

of enamel after exposure to the wine. 

Table 8.3 
Spearman Rank Correlations at various Time Points 

Time All Wine One Wine Two Wine Three 

2 Minutes -0.27 -0.25 -0.43 -0.57 

5 Minutes 0.24 0.57 0.14 0.75* 

15 Minutes 0.80- 0.68* 0.96* 0.29 

30 Minutes 0.68- 0.22 0.29 0.75* 

45 Minutes 0.26 -0.5 0.27 -0.25 

60 Minutes 0.41* 0.54 0.68* 0.25 

Generally there is a positive and direct relationship between prior hardness and the 

immediately subsequent hardness determinations. There does not appear to be a 

direct influence of the prior hardness to subsequent hardness after exposure to wine in 

cases where the Spearman Rank Correlation is negative. No explanation can be 

provided for these exceptions. 
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SUMMARY 

The purpose of the study was to investigate the erosive effect of different wine 

samples on the enamel of human perm~nent teeth. 

All three wines had a softening effect on the enamel surface, thus decreasing the 

hardness over exposed time. The effect of the wines was most severe during the first 

two and five minutes. The decrease in hardness of the enamel was mainly due to their 

very low pH values and high total acid count. There was a difference present in the 

three wines used that became evident at 30 minutes and remained so for 45 and 60 

minutes. Wine Two had the greatest effect on the hardness. Wines One and Three 

were similar in terms of the mean and median microhardness results. Wine Three 

displayed an excessive fluctuation in its effect on the microhardness of enamel. 

A detailed discussion of the micro-hardness study is pursued in Chapter 11 (sections 

11.3 .1 and 11.3 .4). 
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CHAPTER9 

RESULTSSEM 

SCANNING ELECTRON MICROSCOPE 

9.1 INTRODUCTION 

Scanning Electron Microscopy (SEM) was used to make a qualitative assessment of 

the surface structure of enamel after exposure of enamel blocks to the three types of 

wines for three different time periods. Enamel blocks were prepared as explained 

earlier, (Section 3 .3 .2.1.1) sonicated and randomly allocated to three experimental 

groups. Each experimental group contained seven (6 + 1 *) teeth and these were 

allocated to and immersed in Wine One, Wine Two and Wine Three. Each of the 

specimen teeth with the prepared enamel surfaces were individually exposed and 

gently agitated for 2, 30 and 60 minutes in the 20 ml respective wines at 20°C. Results 

of the SEM micro-photographs were recorded as follows. *At time zero there could 

not be any effect of the wine and it was therefore excluded. 

9.2 THE EFFECT OF WINES ON ENAMEL 

The SEM photographs showed that all the wines caused erosion after 2 or more 

minutes. Erosion was seen as the revealance of enamel prism structures causing a 

characteristic honeycombed appearance in severely eroded specimens. 

Wine One caused erosion on enamel after two minutes as shown in Figure 9 .2 and 

after a thirty-minute interval in Figures 9.3 and 9.4. 

The extent of the erosion on enamel caused by Wines Two and Three are displayed in 

Figure 9.5 for Wine Two and in Figures 9.6 and 9.7 for Wine Three. 

The destructive effects of all three wines are shown in Figures 9.8 and 9.9 for Wine 

One, Figure 9 .10 for Wine Two and Figure 9 .11 for Wine Three. 
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The quantitative results of the exposure of enamel to Wine One, Wine Two and Wine 

Three are summarized in Table 9.1. Ten of the twelve photos taken at two minutes 

had a grading of one. At thirty minutes there were fourteen exposures. Wine One and 

Wine Three had a score of zero. Only Wine One had a grading of two. Wine Two 

and Wine Three had a grading of three. At sixty minutes, fifteen of the sixteen 

specimens had a grading of three. This indicates that the effect of wine on the enamel 

increases with time. It is further possible that this effect may differ for wines with 

different characteristics. 

Table 9.1 
The Effect of Wines on Enamel for different Exposure Durations (in Minutes) 

Frequency 
Time2 Time 30 Time 60 

or Count 

Grade 0 1 0 1 2 3 2 3 

Wine One 6 1 1 2 6 

Wine Two 2 1 6 1 4 
Wine Three 3 1 3 5 

Total 2 10 2 1 2 9 1 15 
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9.3 ILLUSTRATIONS OF SURFACE EFFECTS OF WINES ON 
ENAMEL 

In this section a series of photos (Figures 9.1, to 9.11) are provided to illustrate the 

effects on the surface of enamel exposed to different wines over varying time periods. 

Figure 9.1 
SEM image of Enamel surface exposed to Wine One for 2 minutes. This is an 
example of early erosion (Grade 1 ). 

Explanation: 

The smear layer is disrupted, details of groove lines are still clearly and sharply 

outlined and give the impression of breaking up (A). 
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Figure 9.2 
SEM image of Enamel surface exposed to Wine One for 2 minutes. This is an 
example of early erosion (Grade 1). 

Explanation: 

In Figure 9.2 the smear layer is disrupted, surface structure of enamel is disrupted and 

pockmarks can be seen on enamel (A). No clear pattern can be seen. 
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Figure 9.3 
SEM image of Enamel surface exposed to Wine One for 30 minutes. This is an 
example of erosion (Grade 2). Tooth enamel block 1. 

Explanation: 

In Figure 9.3 clearly defined honeycombs (A) are visible though one can still see 

grooves (B). 
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Figure 9.4 
SEM image of Enamel surface exposed to Wine One for 30 minutes . This 1s an 
example of erosion (Grade 2). Tooth enamel block 2. 

Explanation: 

Figure 9.4 illustrates the SEM of enamel surface exposed to Wine One for 30 minutes. 

This is an example of erosion (Grade 2). Clearly defined honeycombs (A), though 

one can still see grooves and scratch marks (B). Figure 9.4 appears similar to Figure 

9.3 although the enamel tooth blocks are different. The two examples provide 

different images of enamel exposed for similar time periods and the same wine. 
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Figure 9.5 
SEM photo of interface of enamel exposed to Wine Two for 30 minutes and enamel 
covered with nail varnish. Example of Grade 3 erosion. 

Explanation: 

In Figure 9.5 on the nail varnish area there is no erosion (B). The SEM of enamel 

surface exposed to Wine Two for 30 minutes clearly shows erosion (A). This is an 

example of Grade 3 erosion (C). Clearly defined honeycombs are seen, though the 

size of the prism sheaths are different and not uniform. 
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Figure 9.6 
SEM photo at the interface of enamel exposed to Wine Three for 30 minutes and 
enamel covered with Duraphat. Example of Grade 3 erosion. 

Explanation: 

The photo in Figure 9.6 is taken at the interface of enamel exposed to Wine Three for 

30 minutes and enamel covered with Duraphat. In the Duraphat area there is no 

erosion (B). SEM of Enamel surface exposed to Wine Three for 30 minutes clearly 

shows erosion. This is an example of Grade 3 erosion (A). Clearly defined 

honeycombs are seen (C). 
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Figure 9.7 
SEM photo of enamel surface exposed to Wine Three for 30 minutes. An example of 
Grade 3 erosion. 

Explanation: 

The Figure in 9.7 shows the SEM of enamel surface exposed to Wine Three for 30 

minutes clearly shows erosion. This is an example of Grade 3 erosion (A). Clearly 

defined honeycombs are seen . 

156 

Stellenbosch University  https://scholar.sun.ac.za



Figure 9.8 
SEM photo of Enamel surface exposed to Wine One for 60 minutes. An example of 
Grade 3 erosion. 

Explanation: 

Figure 9.8 shows the SEM of Enamel surface exposed to Wine One for 60 minutes 

clearly shows erosion. The complete image field provides an example of Grade 3 

erosion. 
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Figure 9.9 
SEM image of enamel surface exposed to Wine One for 60 minutes. This is an 
example of Grade 3 erosion. 

Explanation: 

Figure 9.9 shows a SEM image of enamel surface exposed to Wine One for 60 

minutes and clearly shows erosion. This is an example of Grade 3 erosion. Almost 

the complete field is an example of Grade 3 erosion. The demarcated sub-area (A) 

shows where the honeycomb is damaged. 
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Figure 9.10 
SEM image of enamel surface exposed to Wine Two for 60 minutes. This is an 
example of Grade 3 erosion. 

Explanation: 

Figure 9 .10 shows a SEM of enamel surface exposed to Wine Two for 60 minutes 

clearly shows erosion. This is an example of Grade 3 erosion. Clearly defined 

honeycombs are seen (A). Some large hollow areas are seen indicative of destruction 

of enamel (B). 
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Figure 9.11 
SEM image of enamel surface exposed to Wine Three for 60 minutes. This is an 
example of Grade 3 erosion. 

Explanation: 

Figure 9.11 shows a SEM of enamel surface exposed to Wine Three for 60 minutes 

clearly shows erosion. This is an example of Grade 3 erosion. Clearly defined 

honeycombs are seen (A). Some large hollow areas are seen indicative of destruction 

of enamel (B). 
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9.5 DISCUSSION AND SUMMARY 

The purpose of the SEM study was to evaluate the surface structure of enamel to three 

different types of wines for periods o_f two~ thirty and sixty minutes. Twenty-one 

enamel blocks (3mm x 3mm x 3mm) were prepared, ground even with 1200-grade 

silicon carbide paper, rinsed with distilled water, dried and allocated to the different 

wine types and exposed fqr two, thirty and sixty minutes. The enamel specimen were 

mounted on aluminium stubs and sputtered with Gold Palladium. 

Results of the SEM showed that all wines are potentially erosive to enamel. Erosion 

was seen as the revealance of enamel prisms causing a characteristic honeycombed 

appearance in severely affected enamel. Differences exist between the erosive 

properties of different wines. The longer enamel is exposed to wine in terms of time, 

the more severe the erosive effect on enamel appears to be. 

At thirty minutes it appeared that Wine Two had the most severe effect followed by 

Wine Three. At sixty minutes, however, Wine One displayed the most severe form of 

erosion followed closely by Wine Three and then Wine Two. These results underline 

the progressive and irreversible nature of the erosion process of surface enamel in an 

acidic environment such as wine over a period of time. 
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CHAPTERlO 

RESULTS OF CONFOCAL MICROSCOPY 

10.1 INTRODUCTION 

The purpose of this part of the research was to compare quantitatively and qualitatively the 

surfaces and sub-surfaces of enamel exposed and not exposed to two different types of wine 

(Wine One and Wine Two) for two time periods (five and thirty minutes) with the aid of 

Confocal Laser Scanning Microscopy (CLSM). 

The CLSM investigations were designed to supplement the investigations of the SEM study and 

to offer a quantitative and qualitative analysis of the surface morphology of enamel exposed to 

the wines over different time periods. 

Wines One and Two were selected on the basis of the minimal and maximal impact of these 

wines on the enamel with respect to the Micro-hardness (see Chapter 8) and Scanning Electron 

Microscopy (see Chapter 9) studies. Another reason why only two wines were selected for the 

Confocal Laser Scanning Microscopy (CLSM) study was on account ofresource constraints such 

as cost and time restrictions. 

The use of confocal microscopy provided a quantitative and qualitative method of assessing the 

surface and subsurface structure of enamel after exposure of enamel layer of tooth-blocks to the 

wines for two different times. Twenty-eight enamel tooth blocks were sonicated and randomly 

allocated to four experimental groups. Each experimental group contained seven tooth-blocks 

and these were allocated to, and immersed in Wines One and Two. Each of the specimen teeth 

with the prepared enamel surfaces were individually exposed and gently agitated for 5 or 30 

minutes in the 20 ml respective wines at 20°C. The adhesive tapes were removed and the 

specimens (tooth-blocks) prepared for CLSM and each tooth-block was prepared in the manner 

described in 3.3.2.1. 
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A thorough description of the methods used in this section appears in Chapter 3. Some of the 

conventions are duplicated below for the ease of reporting the findings. The following grading 

was used: 

Description of the Erosion Grading 

Grade Description 

0 Normal enamel; colour yellow reflected light normal enamel 

1 
Disruption of surface; colour greenish; smear layer gone; grooves seen; no observable 
oattem of enamel prisms 

2 Honeycomb patterns start emerging 

3 Definite honeycomb 

In the subsequent sections the focus of the results for the CLSM study are presented with respect 

to: 

• quantification and illustrations of surface morphology of enamel; 

• illustration ofloss of surface enamel; 

• illustrations and quantification of subsurface enamel loss and 

• An example of extensive subsurface loss and resultant holes within the enamel. 

10.2 RE SUL TS 

10.2.1 Quantification of Surface Morphology Changes 

The absence, presence and degree of surface erosion on the enamel layer of the tooth-blocks for 

each of the four experimental groups as assessed by the Confocal Laser Scanning Microscopy 

(CLSM) after exposure to two different wines (Wine One and Wine Two) for time periods of 5 

and 30 minutes was summarized, quantified and presented below. 

10.2.1.1 Comparison of the Influence of Wines One and Two on Surface Enamel after 

being Immersed for Five minutes 

Table 10.la summarises the surface erosion grading of 14 tooth specimens after exposure to 

either Wine One or Wine Two for five minutes. No erosion was observed on the controls which 

was covered by adhesive tape. 
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Table 10.la 
Frequency table of Erosion grading of seven tooth specimens per wine 
after 5-minute exposure. (No Grade 3 occurred) 

Erosion Gradino at 5 minutes 
WineTvoe Grade 1 Grade 2 Total 
Wine One 5 2 7 
Wine Two 5 2 7 
Total 10 4 14 

Erosion was present in both treatment groups. There was, however, no difference on enamel in 

the influence of the two wines after five-minute exposure. 

10.2.1.2 Comparison of the Influence of Wines One and Two on the Surface Enamel after 

being Immersed for Thirty minutes 

Table 10.1 b displays the erosion grading of 14 tooth specimens after exposure to either Wine One 

or Wine Two for 30 minutes. 

Table 10.lb 
Frequency table of Erosion grading of seven tooth specimens per wine 
after 30-minute exposure. (No Grade 1 occurred) 

Erosion Gradino at 30-minutes 
WineTvne Grade 2 Grade 3 Total 
Wine 1 5 2 7 
Wine2 7 7 
Total 5 9 14 

Erosion was observed for all the tooth specimens after the 30-minute exposure. Tooth specimens 

exposed to Wine Two showed a much more extensive erosion trend than the tooth specimens for 

Wine One. A similar trend was found with the results of the Hardness Tests and the SEM 

studies. It would be difficult to confirm the statistical difference (on account of lack of statistical 

power) between the two wines by means of a test, because of the small sample size. The 

difference between the two groups, however, is unlikely to be due to observational chance as the 

interpretation of images is repeatable for different observers. 
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10.2.1.3 Comparison of the Erosion Status of Tooth Specimens for 5-minute Exposure and 

30-minute Exposure. 

The two Wines were compared in the previous two tables, but the contrast between the two time

periods of exposure could not be easily evaluated comparing the two separate tables. The 

marginal totals of these tables were combined in Table 10.2. 

Table 10.2 
Frequency table of erosion status of 28 tooth specimens divided equally for 5-minute and 30-
minute exposure, and Wines One and Two. The results were condensed with respect to the two 
Wines in order to study the influence of the duration of exposure. 

Erosion GradinQ at 5 minutes 
Duration Grade 1 Grade 2 Grade 3 Total 
5 minutes 10 4 0 14 
30 minutes 0 5 9 14 
Total 10 9 9 28 

From the above table it could be deduced that the erosion effect of the Wines was much less over 

the shorter exposure period (5-minute) compared to the erosion effect of the 30-minute period. 

For the shorter period (5-minute) there was no differentiation between the erosion effects of the 

two Wines (see Table 10.la). For the 30-minute period it appeared that there was a 

distinguishable difference in the erosion effects of the two Wines (see Table 10.lb). The 

unexposed parts of the tooth specimen, namely those parts covered by the adhesive tape, were 

considered as the controls. According to expectation, all the controls (not exposed to any wine) 

did not display any erosion. 

From the previous tables (Table 1 O. la to 10.1 band Table 10.2) it can be deduced that there were 

no differences between Wines One and Two for the short duration of five minutes. A strong 

difference emerged at the thirty minute interval (as shown by Table 10.1 b ). The increasing 

detrimental effect over time is clearly evident from the combined Table 10.2. 
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10.2.2 Surface Morphology Of Enamel: Experimental Group Versus Control 

Group - Illustrations 

In this section the surface morphology of the experimental group (enamel area exposed to wines) 

and the control group (not exposed to wine) is compared by means of illustrated pictorial 

examples. The absence, presence and degree of surface erosion on the enamel layer of the tooth

blocks (experimental and control areas) for each of the four groups as assessed by the CLSM 

after exposure to two different wines (Wine One and Wine Two) for time periods of 5 and 30 

minutes is summarised, and presented below by means of examples (illustrations) of the various 

quantified effects. 
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Figure 10.1 
Tooth-block was immersed in Wine One for five minutes illustrating Grade 1 and Grade 0
erosion. Objective x 10; zoom x 1; 512 x 512 pixels. 

The above figure showed eroded and non-eroded parts for enamel surface immersed in Wine One

for 5 minutes. A: This is the non-eroded, yellow area, Grade 0 erosion. D: One clearly sees the

marks caused by the glue. B: An example of Grade 1 erosion in the eroded area. Slight

disruption of surface of enamel; darker colour as opposed to the non-eroded yellow; smear layer

gone; C: Grooves seen and no observable pattern of enamel prisms were visible. 
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Figure 10.2 
Tooth-block was immersed in Wine One for five minutes. 
Wine 1Grade2 at 5 minutes. Objective x 10; zoom x 1; 512 x 512 pixels. 

The figure above showed eroded (B) and non-eroded (A) parts for enamel immersed in Wine One 

for five minutes. In the non-eroded area (A), Grade 0 erosion, one could clearly see the marks 

caused by the glue. Colour is yellowish. In the eroded area an example of Grade 2 erosion could 

be observed. Disruption of the surface of the enamel occurred. The colour was greenish as 

opposed to the non-eroded yellow; the smear layer is gone and the grooves not visible. 

Honeycomb patterns started to emerge. There is also an indication of severe calcium loss shown 

by the red area. This illustrates the variation of erosion on a tooth surface. 
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Figure 10.3 
Tooth-block was immersed in Wine One for five minutes 
Grade 1 vs Grade O; Objective x 10; zoom x l; 512 x 512 pixels. 

The figure shows the effects of erosions on the enamel immersed in Wine One for five minutes. 

In the non-eroded (Grade=O) area (A and C), the enamel appears yellow. The centre part displays 

the disruption of the enamel surface and no observable patterns of enamel prisms are visible 

(Grade 1 erosion). 
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Figure 10.4 
Tooth-block was immersed in Wine Two for five minutes 
Wine2 Grade 2 at 5 minutes. Objective x 10; zoom x 1; 512 x 512 pixels. 

The above figure shows the eroded and non-eroded areas for the tooth block immersed in Wine 

Two for 5 minutes. Areas A and C are part of the tooth block covered by the strips (Grade 0 

erosion), whereas area B was the part exposed to wine. Honeycomb patterns can be seen 

emerging. The black lines (D) are the marks indicative of the glue that was left behind after the 

strips were removed and the glue got stuck to the cover glass. 
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Figure 10.5 
Tooth-block was immersed in Wine Two for five minutes 
Wine 2 Grade 1at5 minutes. Objective x 10; zoom x l; 512 x 512 pixels. 

This figure illustrates the effect on enamel immersed in Wine Two for 5 minutes. The intense 

yellow (A) repeats the un-eroded part and the eroded enamel is less reflective and darker. There 

are no observable patterns on the eroded enamel (Grade 1 ). Remains of the glue from the strips 

can be seen in C. 
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Figure 10.6 
Tooth-block was immersed in Wine Two for five minutes 
Wine 2 Grade 3 at 5 minutes. Objective x 40; no zoom; 512 x 512 pixels. 

The figure illustrates the effects of the exposure of enamel to Wine Two after 5 minutes. In area 

A, Grade 0 represents the normal un-eroded enamel. In area B, Grade 2 erosion, the honeycomb 

patterns begin to take form and in areas C and D one can see honeycomb patterns. The reddish 

areas are indicative of severe erosion where the enamel has been disrupted. 
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Figure 10.7 
Tooth-block was immersed in Wine Two for thirty minutes 
Wine 1 Grade 2 at 30 minutes. This is also possible to be grade 3 type of erosion. Objective x 
10; zoom x 3; 512 x 512 pixels. 

This figure illustrates the effects of erosion on enamel exposed to Wine One for 30 minutes. The 

area A is non-eroded. Areas B and C show a patchy form of erosion of the grade 2 and 3 type. In 

the area D one can see the formation of honeycomb. The slightly reddish areas C are indicative 

of enamel loss (Grade 3 erosion). 
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Figure 10.8 
Tooth-block was immersed in Wine Two for thirty minutes 
Wine 1 Grade 3 at 30 minutes. Objective x 1 O; zoom x 2; 512 x 512 pixels. 

This figure (10.8) shows Grade 3 erosion on enamel exposed to Wine One for 30 minutes. Clear 

honeycomb patterns (A) can be seen with large reddish areas which is indicative of enamel loss. 

The reddish areas are patchy and an indication of the variation and non-uniform nature of erosion 

on the teeth. 
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Figure 10.9 
Tooth-block was immersed in Wine Two for thirty minutes 
Wine 2 Grade 3 at 30 minutes. Objective x 60. Scanning took place at 1 minute intervals. 

This figure is a 3D section and reconstruction of surface profile of enamel block exposed to Wine 

Two for 30 minutes. On the edge of the figure (on the right and the bottom) the marginal 

distribution of the intensity is displayed. This figure provides an indication of tooth surface loss. 

The loss of surface enamel is patchy. The yellow colour indicates where the enamel is still 

present. The black or darker colour is indicative of tooth surface loss. Topographic depth is 

indicated on the x-y axes by penetration of dyes. Erosion is not uniform but uneven and patchy. 

The microphotographs of surface morphology of the experimental groups provided a graphical 

quantification of the erosion as visible on the margin of the photograph (see Figure 10.2 for five 

minutes and the more severe erosion at thirty minutes in Figure 10.9). Distinct differences are 

observed between the five and thirty minute exposures. 
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10.2.3 Illustration of Loss of Surface Enamel Layers due to Erosion. 

Dental erosion is defined as being ' the progressiv_e loss of enamel and dentine resulting from 

chemical attack, usually by acids other than that produced by plaque bacteria (Rugg-Gunn, 1989). 

The erosion is a result of an undersaturation of both hydoxyl- and fluorapatite under conditions of 

low pH and the surface of the tooth is removed layer by layer. 

The following figures (Fig. 10.10 - 10.13) demonstrate various degrees of surface loss layer by 

layer of the enamel exposed to Wine One and Two for 5 and 30 minutes. The depth of erosion on 

the surface of the enamel was not uniform. It was not possible to determine a valid quantifiable 

average depth I volume of the erosive lesion for the different teeth specimen as the experiment 

was not designed for it in terms of tooth preparation, microscopic technique and determination of 

the measurements. The figures nevertheless illustrate cases of an ad integrum loss of surface 

enamel. The measured depth of the erosion can reasonably assumed to be approximately ranging 

fromO .lmm to 3mm. 
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Figure 10.10 
Tooth-block was immersed in Wine One for five minutes. 
Objective x 10; zoom x 1; 512 x 512 pixels. 

Figure 10.10 illustrates the erosion on the exposed enamel immersed in Wine One for 5 minutes. 

The line drawn (A) covers the exposed surface of the enamel and extends to the unexposed part 

in its outer limits. Bi, B2 and B3 are an indication of the depth of erosion on the exposed surfaces 

of enamel. The depth of the erosion can reasonably assumed to be approximately in the range of 

0.2mm. 
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Figure 10.11 
Tooth-block was immersed in Wine Two for five minutes 
Objective x 10; zoom x 1; 512 x 512 pixels. 

Figure 10.11 illustrates in part the erosion on the exposed part of the surface enamel immersed in 

Wine Two for 5 minutes. 
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Figure 10.12 
Tooth-block was immersed in Wine One for thirty minutes 
Objective x 40; zoom x 1; 512 x 512 pixels. 

Figure 10.12 illustrates erosion on enamel exposed to Wine One for 30 minutes. The surface 

marked A is the unexposed part of the enamel and surface C the exposed part. The line B 

provides a visual account of the depth of erosion. 
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Figure 10.13 
Tooth-block was immersed in Wine Two for thirty minutes 
Objective x 1 O; no zoom; 512 x 512 pixels. 

Figure 10.13 illustrates the surface erosion of enamel exposed to Wine Two for 30 minutes. Area 

A represents the unexposed part of the enamel, surface B the exposed part and C is indicative of 

the depth of erosion that has taken place 

Examples of loss of enamel surface for tooth blocks exposed to Wine One and Wine Two for 

periods of five and thirty minutes were provided in Figures 10.10 to 10.13 and ranged 

approximately from 0.1 Omm to 0.30mm. 
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10.2.4 Subsurface Enamel Loss - Illustrations 

Dental erosion is usually defined as the progressive loss of surface enamel or dentine as a 

consequence of chemical attack by acids other than that produced by bacteria. Erosion however, 

does not only tend to an ad integrum loss of surface enamel but also to a slight subsurface enamel 

loss. These layers show small morphological changes with the gross surface enamel structure 

largely intact and which has also shown to be remineralisable. (Jarvinen, Meurrnan, Hyvarinen et 

al, 1988). 

The following illustrations (Figure 10.14 and Figure 10.15) are offered as examples of subsurface 

enamel loss in this investigation. 
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Figure 10.14 
Tooth block immersed in Wine Two for five minutes; Objective x 10; 512 x 512 pixels. 
Descending vertical positions of the images are provided in the top- left hand comers of the 
photographs. A indicates the area exposed to wine and B the non-eroded part. 

CLSM is capable of producing subsurface optical layered sections at different depth levels below 

the enamel surface. The images illustrated in Figure 10.14 were captured at different levels of 
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depth from the surface of the enamel. The enamel was immersed in Wine Two for 5 minutes. 

Differences in the exposed and non-exposed enamel are evident at various depths for the five 

minute exposure to wine. Exposure to wine (A) and eroded area is clearly contrasted with non

exposed and non-eroded area (B). 

Figure 10.15 
Tooth block immersed in Wine One for thirty minutes; Objective x 10; zoom x 3; 512 x 512 
pixels. Descending vertical positions are given in the left hand comers of the photographs 

Figure 10.15 illustrates the erosion at different levels below the surface of the enamel immersed 

in Wine One for 30 minutes. Differences in the exposed (A) and non-exposed (B) enamel are 

clearly evident and represents absence (B) and presence of erosion (A). 
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10.2.5 Subsurface Enamel Loss - Quantification 

The following tables describe the possible relationship between subsurface mineral loss and 

surface erosion grading for specimens submerged in Wines One and Two for time periods of five 

and thirty minutes. 

Table 10.3a 
Frequency table describing the relationship between subsurface mineral loss and erosion grading 
for seven tooth specimens after 5 minutes of exposure in Wine One. (No Grade 3 was recorded) 

Erosion Gradina at 5 minutes 
Mineral loss below surface Grade 1 Grade 2 Total 
No 5 1 6 
Yes 0 1 1 
Total 5 2 7 

The only subsurface mineral loss that occurred was present for those tooth specimens with an 

erosion grade of2 exposure, after five minutes of Wine One exposure. 

The table below describes the possible relationship between subsurface mineral loss and erosion 

grading for specimens submerged for five minutes in Wine Two. 

Table 10.3b 
Frequency table describing the relationship between subsurface mineral loss and erosion grading 
for seven tooth specimens after 5 minutes of exposure in Wine Two. (No Grade 3 was recorded) 

Erosion Grading at 5 minutes 
Mineral loss below surface Grade 1 Grade 2 Total 
No 4 1 5 
Yes 1 1 2 
Total 5 2 7 

Subsurface mineral loss that occurred was present in two of the tooth specimens with an erosion 

grade of 1 and two exposure after five minutes of Wine Two exposure. No discernible pattern 
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could be established for such a low number of mineral loss occurrences due to the small sample 

size. 

The table below describes the possible relationship between subsurface mineral loss and erosion 

grading for specimens submerged for thirty minutes in Wine One. 

Table 10.4a 
Frequency table describing the relationship between subsurface mineral loss and surface erosion 
grading for seven tooth specimens after 30 minutes of exposure in Wine One (No Grade 1 was 
recorded) 

Mineral loss below surface 

No 

Yes 

Total 

Erosion Grading at 30 minutes 

Grade 2 

1 

4 

5 

Grade 3 

1 

1 

2 

Total 

2 

5 

7 

Considerably more instances of mineral loss were observed for the group exposed for thirty 

minutes compared to the five-minute exposure group in Wine One. Four out of the five, with 

erosion grading of 2, displayed mineral loss. Only one specimen out of the two, with erosion 

grading of 3, displayed mineral loss. It is strange that a greater proportion of the subsurface 

mineral loss occurred at a lesser grade of tooth surface erosion albeit that no pattern could be 

detected due to the small sample size. 

The table below describes the possible relationship between subsurface mineral loss and erosion 

grading for specimens submerged for thirty minutes in Wine Two. 

Table 10.4b 
Frequency table describing the relationship between subsurface mineral loss and erosion grading 
for seven tooth specimens after 30 minutes of exposure in Wine Two. (No Grade 1 was 
recorded) 

Erosion Gradin at 30 minutes 
Mineral loss below surface Grade 2 Grade 3 Total 
Yes 0 7 7 
Total 0 7 7 
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By combining the results obtained from Tables 10.3a and 10.3b, and 10.4a and 10.4b; it is 

evident, although seven is a small number of-specimens for a table total, that there is a 

relationship between the. presence and absence of lesions below the surface and the erosion 

grading at the five minute and thirty minute duration. Especially at thirty minutes, a definite 

difference between Wine One and Wine Two can be observed with Wine Two displaying the 

more severe forms of erosion. 

10.2.6 Patterns of Extensive Subsurface Loss. 

Sometimes an extensive subsurface loss was observed leading to what appears to be coalesced 

areas of demineralisation in the body of the enamel (Figure 10.16). It seems that the erosive 

agent exploits the defects in enamel surface, giving rise to subsurface demineralisation. It also 

seems as if the erosive agent seems to exploit and pursue the weakest structures of the enamel 

subsurface. Figure 10.17 shows an enlarged segment of the surface of enamel of Figure 10.16. 

The surface is intact in parts but the defects on the surface of the enamel are eroded though not 

completely. The red is indicative of the Calcium, which seems to inhabit the areas where the 

holes are formed which is released from the apatite during the dissolution (demineralisation) 

process. 
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Figure 10.16 
The figure depicts a three dimensional display of the topology of the surface; the marginal 
column on the right hand side and the marginal row at the bottom give an indication of the 
relative depth from the surface. 

The figure shows a lesion in the body of the tooth specimen with the surface relatively intact. 

This is a topographic image of a 3-D reconstruction showing the x-y axis. The yellow areas 

reflect the green and red light :frequencies. The red is indicative of erosion and calcium loss. The 

black illustrates that no reflection is taking place and is indicative of the hole formed within a

tooth specimen. Segment A is enlarged in Figure 10.17. 

187 

Stellenbosch University  https://scholar.sun.ac.za



Figure 10.17 
Enlargement of section A demarcated in Figure 10.16. 

The figure shows a lesion on the surface of the enamel of the same tooth specimen illustrated in 

Figure 10.16 but enlarged in Figure 10.17. The red is indicative of erosion and calcium loss. The 

yellow areas reflect the green and red light frequencies of enamel. Parts of the surface are intact. 

The red areas illustrate the demineralised parts of the enamel. 
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10.3 SUMMARY 

The purpose of the study was to compare quantitatively and qualitatively the surfaces and 

subsurface of enamel exposed and not exposed to two different types of wine (Wine One and 

Wine Two) for two time periods (five and thirty minutes). 

In all the tooth specimens various grades of erosion were observed when exposed to Wines One 

and Two. No erosion was seen on the control (not exposed to wines) tooth specimens. The 

results from the quantification of the surface morphology of enamel showed that both wines 

eroded the surface of the enamel. No differences could be detected between Wines One and Two 

for the five minute exposure of enamel to the wines with respect to the degree of erosion. A 

strong difference between the wines though was evident at the thirty minute exposure with the 

greater severity occurring for Wine Two. The increasing adverse erosive effect over time is 

clearly noted. 

The microphotographs of the surf.ace morphology of the experimental and control groups 

provided a graphical quantification of the erosion at five minutes and the more severe erosion a 

thirty minutes. After an exposure of thirty minutes a definite increase in severity between Wine 

One and Two with a greater severity in Wine Two was observed. 

As was expected, . erosive potential of wine on teeth increases in direct proportion to the time 

exposed. The aforesaid also confirms that the erosive potential of Wine two is greaterthan Wine 

One. These results were confirmed by the Microhardness Study quantitatively as well as the 

Scanning Electron Microscope Study qualitatively. 

Examples of loss of surface enamel layers for tooth blocks exposed to Wine One and Wine Two 

for periods of five and thirty minutes is clearly illustrated in the Figures 10.10 - 10.13 . 

Subsurface loss was demonstrated by means of multilayered composite displays of such lesions 

in the body of the enamel. By combining the results of the two wines and two time periods it was 

clear that there was a difference between Wine One and Wine Two and that the exposure of 

enamel to the wines resulted in more severe forms of erosion for both wines. Erosion of Wine 
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Two was, however, also more severe which was anticipated on account of the basis of selection 

of the two wines. 

Sometimes an extensive subsurface loss with the formation of resultant coalesced areas of 

demineralisation was seen within the body of the enamel with the enamel surface relatively 

intact. 
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CHAPTERll 

CONCLUSIONS AND RECOMMENDATIONS 

11.1 INTRODUCTION 

The main aim of this study was to investigate the hazardous erosion effect of wine on 

human permanent teeth by means of epidemiological and laboratory investigations. 

The epidemiological study comprised a sample of individuals whose dentition and 

oral cavity was regularly exposed to wine due to the nature of their work (wine

makers and -tasters) and a comparative group considerably less exposed to wine. 

Wine-makers and -tasters fitted the requirement of finding subjects located in a 

natural environment with frequent exposure of their oral cavities to wines. The most 

suitable comparative group in terms of life style, age and diet were the spouses albeit 

that lifestyle and diet could have been not similar before their respective unions. In 

this design an inevitable, and largely unknown factor in respect of erosion was that 

almost all of the exposed subjects were male and almost all of the lesser exposed 

group were female. 

The laboratory studies consisted of microhardness testing, scanmng electron 

microscopy and confocal laser scanning microscopy. These methods provided 

qualitative and quantitative ways of assessing the influence of wine on human dental 

enamel. The experimental design used also permitted the quantification of the effects 

of increased exposure to wine over a period of time. The duration of exposure to 

wines for the microhardness tests were assessed at intervals of 2, 5, 15, 30, 45 and 60 

minutes. The surface structure of enamel was examined under the Scanning Electron 

Microscope after exposure to wine for 2, 30 and 60 minutes. Evaluation of surface 

and subsurface enamel loss with the aid of Confocal Laser Scanning Microscopy was 

done with enamel exposure to wine for time periods of 5 and 30 minutes. 
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Investigations were conducted to establish whether there is a difference: 

(i) in terms of erosion between teeth of wine-makers and those who are not; 

(ii) between enamel exposed to wine and unexposed enamel; 

(iii) in the surface microhardness of enamel exposed to different wines; 

(iv) in the surface morphology of enamel exposed to different wines and 

(v) between the surface and subsurfaces of teeth exposed to different wines. 

Investigational points (ii) to (v) for different time periods. 

11.2 EPIDEMIOLOGICAL FINDINGS 

Thirty-six persons, twenty-one wine-makers and fifteen of their spouses participated 

in this section of the study. Fifteen of the wine-makers were matched, and the rest did 

not have any spouses. Of the fifteen matched pairs only three were female wine

makers as the occupation is the traditional preserve of males. 

The average age of the males in the exposed group was seven years more than in the 

non-exposed group. Due to this difference in age one would reasonably expect a 

greater degree of insult to the dentition for the older groups and I or on account of 

occupational exposure. The influence of chronological age and "work-years" on tooth 

surface loss measurements was conducted. The mean years in present employ in the 

wine industry as wine-tasters was 8.2 years (range: min 1 year max 25 years) . The 

females in the non-exposed group were employed in non-wine related areas and the 

mean average of their employment was 9.2 years. 

For individuals within the epidemiological study, the set of teeth in each individual 

was treated as a group belonging to a single individual. The analysis was conducted 

in such a manner to display the extent of erosion for each tooth per individual. 

Erosion was displayed not only for each individual tooth but also for the respective 

surfaces of each separate tooth. 

A strong positive relationship was noted between weighted tooth surface loss 
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(wghtdsumsuf) and the chronological age in years within the exposed group. A 

similar positive relationship could not be demonstrated in the case of work-years and 

Tsl. In the study by Wiktorsson, Zimmerman and Angmar-Mason (1997), looking at 

prevalence and severity of erosive toothwear in Swedish wine-tasters they showed . -

that, through a multiple regression analysis model, the number of years as a wine-

taster was the most explanatory variable for tooth surface loss reinforced by others 

such as saliva, sex and age. Direct comparison between the two (the Swedish and this 

study) studies would not be valid due to the different designs, sampling and setting of 

these studies. The likely reason for this lack of relationship in this study is that there 

were individuals of a relatively short working age (less than two years) with a high 

Tsl score. It is possible that the origin of their Tsl was from other sources. It could be 

explained statistically as well. Due to the characteristics of least squares (leverage) 

and utilising the scale simultaneously in the calculation of the Spearman Rank 

correlation, the mentioned artefact of the data may lead to deductions not in line with 

the full evidence of the collected data. 

Strong relationships were found between number of decayed surfaces and the six 

measures of Tsl considered. Furthermore relatively strong Pearson correlations were 

found between stain scores and Tsl measures. Also observed was that the male 

exposed group manifested more staining for smokers compared to the non-smokers. 

For the female non-exposed group the staining was more than double for the smokers. 

The staining effect of wine tasting compounded by smoking was clearly evident. In 

the male smokers the average DMFT was slightly larger than the average of the non

smoking group. Within the male exposed group the average W ghtdSumSurf was 

considerably higher than the non-smokers. The average WghtdSumSurf for the male 

exposed group as a whole was more than three times that of the female non-exposed 

group. This suggests that wine-tasting is a strong contributing factor with respect to 

tooth surface loss. This excessive differential prevailed between the smokers and 

non-smokers as well. This may be due to gender differences but is highly unlikely. 

Confounding factors such as gastric complications and related medications did not 

play a significant role with respect to Tsl in this study. 

Hardly any demonstrable association existed between exposure to wine and presence 

of oral mucosal lesions. The association of alcohol with the oral mucosa is well 
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known. Concentrated alcohol solutions cause a chemical bum in the mucosa. The 

application of 70% ethanol directly on the oral mucosa has been shown to cause 

epithelial desquamation (Margarone et al, 1984). Alcohol is a significant risk factor 

of oral cancer (Franco et al., 1989) and may also play a role in the aetiology of oral 

leukoplakia. Many alcoholic drinks contain carcinogens (Elwood et al, 1984). 

Alcohol seems to mediate or transport carcinogens through the epithelium, and the 

additive effect of alcohol and tobacco is well established (Squire, Cox & Hall, 1986; 

Squire and Lesch, 1988). In this study the relationship between wines and the oral 

mucosa and smoking and the oral mucosa was not established and needs to be 

explored in further studies. No difference could be shown between the absence or 

presence of salivary and gastric problems and Tsl W ghtd SumSurf in respect of male 

exposed and female non-exposed groups. 

The prevalence ofTsl was significantly greater in the exposed group than the non

exposed group. The largest occurrence of Tsl occurred on the labial and incisal 

surfaces of anterior teeth for the exposed groups. The location of erosion mostly on 

the labial surfaces of anterior teeth is in agreement with other studies (Wiktorsson 

Zimerman & Angar-Mason, 1997; Jarvinen, Rytomaa & Meurman, 1992). 

Underlining this epidemiological observation is the experimental evidence of Britse & 

Lagerhof (1987) and Bashier, Gustavsson & Lagerhof (1995). The former showed 

that with rinsing the retention is much longer in the maxillary labial region and the 

latter that clearance time for solutions is longer from the maxillary incisor region than 

from the mandiblar region. The lingual surfaces of the non-exposed group had the 

least manifestation of Tsl. A possible reason accounting for the low prevalence of 

erosion generally on the posterior maxillary labial surfaces and the lingual surfaces 

may be on account of the proximity of the major salivary ducts discharging saliva in 

the vicinity of these tooth surfaces. 

Perceptions of oral diseases among wine-makers and their controls yielded interesting 

information. Almost half of the male exposed group reported that their teeth have 

changed since they were employed in their present job as wine-makers, whereas the 

rate for the female non-exposed group was one out of ten. The non-exposed group 

was more satisfied with the appearance of their teeth than the exposed group. An 

increase in tooth sensitivity to external stimuli and pain is often viewed as one of the 

194 

Stellenbosch University  https://scholar.sun.ac.za



main symptoms of erosion (Meurman & Ten Cate, 1996). Just more than half of the 

male exposed group compared to just less than a third of the female non-exposed 

group reported sensitivity on their teeth. With respect to perceptions of having pain, 

about a third of the male exposed group complained of having pain compared to none 

in the female non-exposed group. The difference between these two groups was 

significant (p<0.05). No major differences existed in the male exposed group 

between those with pain or those without pain in respect of mean Tsl and mean 

DMFT. If the erosive process is slow, increased sensitivity may be delayed, 

presumably because of the accumulation of tertiary dentine in the pulp. 

Oral hygiene in both groups was on a reasonable standard though the females 

demonstrated a higher degree of brushing. Brushing, though, may contribute to tooth 

surface loss. Tooth brushing immediately after wine-tasting should be avoided. 

Brushing after exposure to the wine or acids will result in a greater loss of tooth 

substance due to the "pre-softening' of the surface before the application of 

mechanical forces (Miller, 1907; Schweizer- Hirt, Schait, Schmid, et al, 1978). Tooth 

brushing without toothpaste, after an erosive challenge, showed deposition of salivary 

components, inducing demineralisation, while brushing with non-fluoridated 

toothpaste resul~ed in abrasion (Kuroiwa, Kodaka, Kuroiwa, et al, 1994). Fluoride 

toothpaste has been shown in vitro to have a positive effect in the presence of erosive 

challenges from dietary sources and from EDT A, often used in oral hygiene products 

(Davis & Winter, 1977). It has been shown in vitro that even topical fluoride 

treatment, prior to acid exposure, will reduce erosive effects (Sorvari, Meurman, 

Alakuijala, et al, 1994). 
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11.3 LABORATORY FINDINGS 

11.3.1 Microhardness 

All three wines have an adverse effect on the hardness of the enamel surface. The 

effect of the wines is most severe during the first two and five minutes. There is a 

difference present in the three wines used that becomes evident at 30 minutes and 

remains so for 45 and 60 minutes. Wine Two had the greatest effect on the hardness. 

Wines One and Three were similar in terms of the mean and median micro hardness 

results. Wine Three displayed an excessive fluctuation in its effect on the 

microhardness of enamel. 

The main finding is that all the wines eroded (demineralise) enamel (softer enamel) 

which is mainly because of their very low pH values and high total acid content 

(Table 3.1; values of: 3.2, 3.7, 3.8). The apatite solubility as a function ofpH, in the 

pH range from 7 to 2.4, was calculated (Featherstone & Mellberg 1981) and verified 

experimentally down to a pH of 4. It could be seen that there is a tremendous increase 

in the apatite solubility from a pH value of about 4 (and lower) at which level about 

6g/l of apatite will dissolve. Below pH 4 (Featherstone, Ten Cate, Shariati, et al, 

1983) it was not even possible to verify the curve experimentally because the 

solubility of apatite increases more than the competing precipitation of brushite 

(CaHP04.2H20), which will prevent saturation of the solution and mask the results. 

The same will happen, in general, in the practical situation where the volume of wine 

in contact with the teeth is constantly renewed during the drinking process. 

Wine Two (Table 8.1, Figure 8.4) is responsible for softer enamel (more damaging to 

enamel) when compared to the other two wines and therefore was also responsible for 

a higher degree of demineralisation. It was reported that there is a direct relationship 

between hardness of enamel and the degree of demineralisation (Eccles & Jenkins 

1989). Looking at the pH values (Table 3 .1) alone, it could have been expected that 

Wine One, with the lowest pH, would be responsible for the highest degree of 

demineralisation, which was found not to be the case. On the other hand, if the total 
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acid content would have been an indication, again Wine One should have been the 

most damaging with Wine Two the least, which was also not the case. Furthermore, 

the concentration and type of different acid types found in the three different wines 

also give no indication of the fact th~t Wine Two was responsible for the highest 

degree of demineralization. Thus, the reasons why Wine Two was found to be the 

most damaging should be found in other factors like: the dissolution rate, 

concentration of undissociated acid, diffusion rate and so forth . The initial rate of 

dissolution was found to be a function of the hydrogen-ion concentration 

(Featherstone, 1992) and, in the presence of buffers, also dependent on the 

concentration of the undissociated acid. Later Gray, Ferguson & Wall (1998) showed 

that the rate of dissolution by buffer acids (chloroacetic acid, dichloroacetic acid, 

lactic, formic and acetic) is controlled principally by the rate of diffusion (Filler & 

Lazarchik, 1994) of the undissociated acid into the enamel and to a lesser extent by 

pH and acid strength. Gray (1966) also found that at constant pH and total buffer 

concentration, the dissolution rate increased with decreasing acid dissociation 

constant. Featherstone & Rogers (1981) reported that the rate oflesion progress was 

a function of calculated unionized acid concentration and acid dissociation constant. 

They emphasized the importance of acid type and concentration rather than pH alone. 

However, neither could be linked to these results when considering Table 3 .1. The 

results also do not support the statement by Hay, Pinset, Schram et al (1962), that 

citric acid (main acid in orange juice) was more demineralising than malic acid (main 

acid in apple juice) as Wine One was not the most damaging. However, such a link 

was reported in another study where the demineralization of enamel by orange juice, 

apple juice, Pepsi Cola and diet Pepsi Cola was reported (Birkhed, 1984). 

Furthermore, it was reported that the erosion of enamel by solutions of dietary acids is 

influenced by the interplay of pH, acid concentration and presence of calcium 

(Gilmour & Beckett, 1993). The drinks are characterized as being highly 

undersaturated with respect to both hydroxyapatite and fluorapatite (Featherstone & 

Mellberg 1981 ). The complex and heterogeneous composition of the wines probably 

influences the erosion of enamel. 

It seems that the Sauvignon Blanc was more damaging towards enamel than 

Chardonnay. From our findings and the above discussion, it is clear that because of 

variations in the pH, amounts, and ratios of acids, as well as types of organic acids 
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and other chemical components present in the different wines, it is not possible to 

predict the relative dissolution rate of different kinds of wines as this process is most 

probably governed and affected by a large number of a combination of factors which 

influence the dissolution equilibrium of the apatites and that the only reliable way is 

to test the erosion of the drink, experimentally. However, from the results it is clear 

that from a low pH value and total acid concentration one can predict whether a drink 

would definitively be erosive. 

11.3.2 Scanning Electron Microscopy 

Results of the SEM showed that all wines investigated in this study were erosive to 

enamel. Erosion was seen as the revealance of enamel prisms causing a characteristic 

honeycombed appearance in severely affected enamel. Differences existed between 

the erosive properties of different wines. The longer enamel is exposed to wine in 

terms of time, the more severe the erosive effect on enamel appears to be. This was 

demonstrated by means of microphotographs. 

Comparing the results of the Micro-hardness and Scanning Electron Microscope 

investigations, a quantitative and qualitative study respectively, corresponding 

features were found for the exposure of enamel to different types of wines over time 

periods of2, 30 and 60 minutes. 

In the micro-hardness study, Wine Two had the most severe influence on the hardness 

of enamel and was clearly distinguishable from the other two wines. The micro

hardness profile of Wines One and Three were similar over time. Wine Two had the 

severest effect on enamel as also seen from the SEM photographs at thirty minutes. 

Similar visual erosion patterns were observed for all three wines from the photographs 

of the SEM study. The observed difference between the three wines in terms of 

microhardness of enamel was not visible using the scanning electron microscope with 

a sixty-minute exposure to the wines due to the extensive surface destruction of the 

enamel and the index used could not differentiate between the variation of erosion for 

the sixty minute time period. 
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11.3.3 Confocal Laser Scanning Electron Microscope 

The Confocal Laser Scanning Electron Microscope investigations were used as a 

confinnatory study to quantify and offer a qualitative analysis of the surface and 

subsurface morphology of enamel exposed to wine over different time periods. 

In all the tooth specimens investigated various grades of erosion were observed when 

exposed to Wine One and Wine Two. No erosion was seen on the control area of 

teeth specimen. The severity of tooth erosion increased with an increased exposure to 

these wines in terms of time. No difference could be observed between Wine One 

and Two after an exposure of five minutes, though a definite increase in severity was 

detected at thirty minutes, with the greater severity occurring in Wine Two using the 

CLSM. As was expected, erosive potential of wine on teeth increases directly 

proportional to the time exposed. The aforesaid also confinns that the erosive 

potential of Wine Two is greater than Wine One. The SEM and CLSM studies 

confinned the results obtained in the Mier()- hardness study in terms of the erosive 

potential of the different wines studied. The rate of erosion of enamel exposed to 

these wines over a period of time is also illustrated by SEM and CLSM. 

The CLSM also provided illustrations of the stripping effect of wines on the enamel 

surface. Clear evidence was seen of a layered superficial surface loss of enamel · 

(Figures 10.10 to 10.13). Furthermore, illustrations and quantification of subsurface 

enamel loss was demonstrated by means of multilayered composite displays oflesions 

in the body of the enamel (Figures 10.14 and 10.15). Patterns of extensive subsurface 

loss and resultant coalesced areas of demineralised subsurface areas within the body 

of the enamel were also demonstrated with the enamel surface relatively intact 

(Figures 10 .16 and 10 .17). 
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11.3.4 Integration of the Epidemiological, Micro-hardness and Microscopic 
Themes of the Investigation. 

The mechanical demonstration of the effect of an acidic environment such as wine on 

dental enamel was shown by micro-hardness study as well as the SEM and CLSM 

methods. 

The practical implications of the laboratory investigations are well demonstrated 

within a group of wine-makers and a group of relevant controls. The prevalence of 

erosion occurs mainly in groups of individuals whose oral cavity is frequently and 

almost continuously exposed to acidic insult, in this instance wines, in their work 

environments. The three themes of the study complement one another in the further 

understanding of erosion in respect ofits epidemiology, pathology and aetiology. 

The erosive demineralisation of enamel by wine can be briefly explained as follows . 

Strong acids arrive at the tooth surface often when saliva and plaque are at resting pH 

(6 .8). These acids overwhelm the HP04"
2 buffers of saliva, and possibly thin plaque 

in many cases, before much HC03"1 can be generated by saliva stimulation and even 

if generated could be overwhelmed on account of the frequency of exposure. The 

acid ions then quickly react with the P04-3 groups of Hydroxy Apatite (HA) with a pH 

larger than 5.5 and even a Fluorapatite with a pH smaller or equal to approximately 

6.2, thus not permitting any further buffering or remineralisation to be immediately 

effective in protecting the surface. The low levels of structural protein (2-3% by 

volume) present in the enamel mean that excessive mineral loss results in the 

structural collapse of the surface enamel. Surface mineral dissolution proceeds until 

there is a rapid reduction in W concentration from effective HC03
1
- buffering. The 

consequences of active erosion of enamel is the surface loss of the structure there 

being little organic framework to remain once the mineral (inorganic part) is lost. 

While the pathogenesis of erosion is not clearly understood, acid etching of sound 

enamel as described by Silverstone (1981) and Silverstone, Saxton, Dogon et al 

(1988) does assist our understanding of the process of enamel erosion on account of 

exposure to wine. It was found that acid etching of sound enamel results in I) a loss 

of tooth surface, 2) an increase in tooth surface area due to the roughening of tooth 
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surface area and 3) removal of fully reacted inert enamel exposing a more reactive 

surface. Further studies have shown that acid etching of sound enamel produces a 

certain degree of porosity within the tissue. Studies have shown that etched sound 

enamel is affected at three levels. First ther_e is the narrow zone of enamel that is 

removed by etching. Fully reacted crystals in the surface of enamel are also removed, 

which results in both exposure of a more reactive surface and an increase in surface · 

area. This zone is approximately 10 µm in depth and is called the etched zone. This 

zone can be compared to the surface loss seen with the confocal microscopy in 

Figures 10.10 to 10 .13 . The second zone is the qualitatively porous zone which is 

approximately 20 µm in depth. Another layer also of approximately 20 µm in depth, 

is called a quantitative porous zone with a higher degree of porosity. These latter two 

zones resemble the surface lesions described in Figures 10.14 to 10.17 in this study. 

It is acknowledged that the erosion lesions in the laboratory studies have not been 

subject to a natural oral environment such as salivary contact and thus have not 

demonstrated the same level of capacity for repair. Furthermore, in the laboratory 

studies the enamel was polished and the pellicle was thus removed which would 

render the enamel more susceptible to erosion. Extrapolation of the in vitro data to 

the in situ situation is difficult as there are other parameters such as buffering capacity 

and flow rate of saliva, salivary pellicle formation as well as individual dietary habits 

which have to be taken into account. The importance of good salivary flow is critical 

to effective protection against erosive acids, both in terms of initial neutralisation of 

acid and also in terms of controlling the length of time it is able to act on teeth. 

Conversely a deficiency in the buffering capacity and clearance rate of saliva 

increases a person' s susceptibility to erosion. 

The presence of stored po4•
3 ions in thick plaque or calculus appears to provide a 

substantial protection to surfaces they cover against erosion. Thylstrup & Fejerskov 

(1994) have stated that at resting pH the buffering effects of plaque are approximately 

10 times that of saliva and those of calculus are approximately 100 times that of 

saliva. This is in line with the clinical finding that erosion of enamel usually occurs 

on surfaces of teeth that are seldomly covered by thick plaque or calculus e.g. lingual 

of the maxillary posteriors or anteriors, labial of maxillary anteriors. 
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The erosive capacity of substances is associated with their acidity, pH values, high 

sugar concentration in the presence oflow pH, phosphate and fluoride content, as well 

as their mineral content and porosity (Lussi, faggi & faggi-Scharer 1995; Grenby 

1990; Grabler Jenkins & Kotze 1985; ~obler Senekal & Laubscher, 1990). A low 

pH on its own is not an indicator of erosion and adequate concentrations of calcium 

and phosphate have been shown to reduce the erosive potential of acidic substances 

(Grenby, 1990). Beverages containing high levels of calcium and phosphor produce 

less demineralisation (Grenby 1990). A high sugar content in the presence oflow pH 

increases the osmotic content and increases the erosive effect on tooth structure 

(Grabler Jenkins & Kotze 1985; Grabler Senekal & Laubscher, 1990). Fluoride 

concentration in tested beverages appears to be too small to prevent erosion totally. 

Beverages with the highest fluoride concentrations showed the smallest amount of 

surface softening of enamel. (Lussi, faggi & faggi-Scharer 1995). The effect of 

fluoride benefits suggested to be less than that on caries, needs further study. It is 

possible to remineralise enamel by drinking milk, eating hard cheese or rinsing with 

fluoride solutions. 

It is interesting to note that the qualitative mineral composition of saliva and other 

body fluids is nearly the same as that of the ocean (Driessens, 1982). The content of 

some mineral elements in body fluids is controlled by equilibrium with the minerals 

in bone, while that of other elements is determined by dosage and biochemical 

excretion. The physico-chemical factors determining the state of an aqueous solution 

are pH, ion activities and dissociation constant. Mineral compounds obey the 

solubility product principal. However, mineral solid solutions shift to the extreme 

composition of one of the components, i.e. that having the lowest solubility. 

Conversely, if a precipitate is formed from an aqueous solution containing several 

ions, it tends to have the extreme composition of the least soluble component when 

equilibrated in an aqueous solution. 

A variety of calcium phosphate salts are found in the oral cavity (Driessens, .1982; 

Larsen & Pearce, 2003) of which the following are examples: brushite 

(CaHP04.2H20), octacalcium phosphate [Cas(P04)4(HP04)2.5H20], ~-tricalcium 

phosphate (Ca3(P04)2), fluorapatite (Ca10(P04)~2), and calcium fluoride (CaF2). 

They may all occur either as transient phases or more or less permanently. When 

202 

Stellenbosch University  https://scholar.sun.ac.za



saliva is supersaturated with respect to a salt, it means the salt will not dissolve or it 

will precipitate. Some calcium salts have been synthesized, which are stable or 

metastable in the in vivo pH range from 4 to 9. Fluorapatite/Hydroxyapatite are the 

most stable solids in this pH range. However, intermediate phases occur in the 

precipitation of calcium phosphates. Crystal growth studies showed that intermediate 

phases may grow from supersaturated solutions in preference to hydroxyapatite. 

McCann (1968) demonstrated that saliva is supersaturated with respect to 

hydroxyapatite and fluorapatite, close to saturation with respect to octacalcium 

phosphate and brushite, depending on the secretion rate and invariably unsaturated 

with respect to calcium fluoride. Under normal conditions the salivary concentrations 

of many ions remain within narrow limits despite a circadian variation (Ferguson & 

Botchway, 1980), an individual variation and a variation due to stimulation. 

However, the concentrations of fluoride, sodium, carbonate and hydrogen vary 

considerably. In addition to the low pH the concentrations of the organic acids are 

high, which will have an extended influence on the solubility of enamel and dentine in 

wine. The diagram below (Ten Cate & Duijsters, 1983) gives one a very good idea of 

not only the influence of pH but also of fluoride and calcium on the solubility of 

enamel. 

Diagram from Ten Cate & Duijsters (1983) 
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Fluoride has various modes of action: Enamel containing fluoride is less soluble than 

enamel without fluoride. In the presence of fluoride, enamel demineralization starts at 

a lower pH after, for example, suga~ (or wine with carbohydrates) consumption. 

Furthermore, fluoride enhances the rate of crystal growth (Meyer & Nancollas, 1972) 

which could result in larger crystallites and more resistant enamel and favors 

remineralization in the tooth decay-repair process. Fluoride also inhibits the plaque 

fermentation process and therefore the production of acid during the consumption of 

sugars. In the above figure the calcium loss from enamel is shown as a function of pH 

and fluoride concentration (Ten Cate & Duijsters, 1983). The demineralization of 

dental enamel was studied in undersaturated calcium phosphate solutions (like wine) 

with different pH and fluoride concentrations. During demineralization of enamel it 

was found that the enamel also takes up fluoride and that the percentage of fluoride 

being removed from the solution is correlated with the amount of demineralization. 

Thus, loss of calcium and phosphate ions, when subjected to a demineralizing solution 

(like wine), are coupled to fluoride ion uptake, while the loss of calcium and 

phosphate from enamel is a continuous function of the pH and fluoride concentration. 

It was found that the rate of demineralization seems to be affected to a greater extent 

when the solution is supersaturated to CaF2 than to fluorapatite (F AP). From the 

diagram above, it can be seen that there is an enormous increase in solubility of 

enamel as the fluoride concentration decreases from 5 ppm to 0 ppm and less so when 

the pH decreases from 5 to 4. This also explains the demineralizing effect of wine 

with their low pH values (3.8 to 3.2). 

Later Ten Cate & Duijsters (1998) extended the above-mentioned study on the 

inhibition of dentine demineralization by fluoride in vitro. This was done by 

subjecting dentine (in a previous experiment enamel was subjected) to undersaturated 

calcium- and phosphate-containing solutions in the pH range 4.0-6.0 with fluoride 

added at concentrations between 0.5 and 10 ppm. The results showed that 

demineralization of dentine depends on both pH and fluoride concentration in the 

demineralizing solution. Similar results might be expected when wine is used as the 

demineralizing solution as wine also contains calcium, phosphate and most probably 

also fluoride. The fluoride might come from water added illegally, from fertilizer or 

the soil which will differ from region to region. Furthermore, wines also have low pH 
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values between 4-6. Inhibition of demineralization that could be relevant from a 

clinical point of view was found at fluoride values 5-10 times the corresponding 

values for enamel. More rapid depletion of fluoride than for enamel from the solution 

was also observed, indicating the high _uptak~ capacity of dentine. This might be 

mainly because the critical pH (6. 7) of dentine (Hoppenbrouwers, Driessens & 

Borggreven, 1987) is more than one unit higher than for enamel (5 .6), which implies a 

longer and increased demineralization during each acid phase in plaque or probably 

wine. Furthermore, dentine crystallites are one magnitude smaller and thereby have a 

higher surface area to be exposed which is further increased by the presence of 

dentine tubules. The statement that dentine is more prone to demineralization is also 

supported by other researchers (Arends & ten Bosch, 1992 ~ Ten Cate, Buijs & 

Darnen, 1995). As low as 0.06 ppm fluoride continuously present in solution 

favourably tipped the balance between demineralization and remineralization of 

enamel, but not for dentine (Ten Cate, Buijs & Darnen, 1995). High levels of fluoride 

are required to inhibit dentine demineralization. With the above facts in mind one 

starts to think that the hazardous effect of wine and especially wine tasting might be 

significantly decreased with a supplementation of fluoride if not already present as a 

result of water addition. Furthermore, it is also known that water from different 

regions might differ completely as far as their calcium, phosphorous, fluoride as well 

as other elements (some of which could have demineralization capacities) are 

concerned and therefore might play a major role in the demineralizing effect of wine. 

This means that different wines, even with the same calcium, phosphate and fluoride 

levels, might have different demineralizing effects because of the presence of trace 

elements. However, much more research is necessary to investigate all these 

parameters on different wines. 

This study showed that all the methods employed are able to reveal the changes in 

enamel structure through exposure to wine although they measured different 

phenomena. The Micro-hardness test in measuring indentation depths at different 

sites was a mechanical and site-specific method. The SEM and CLSM provided 

useful information on the topographic changes that occurred on enamel. The CLSM 

showed changes in the porosity integrally and on a much larger scale. It also revealed 

that wine does not always irreversibly affect the structure of enamel. It should be 

noted, though, that all the research methods employed in this study are sensitive to 
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structure irregularities within the enamel. 

For the microhardness, SEM and CLSM the following common findings at the 30 

minute intetval can be summarized. 

In the microhardness study the differences between the three wmes could be 

statistically detected at 30 minutes, at which point it is clear that the effect of Wine 

Two is different from that of Wine One and Wine Three. Furthermore Wine Two had 

the severest influence on the hardness of the teeth, as it was significantly different 

from 30 minutes onwards. This distinction is maintained for time periods at 45 

minutes and 60 minutes. 

Results of the SEM at thirty minutes that Wine Two had the most severe effect 

followed by Wine Three. The increasing adverse erosive effect over time is clearly 

noted. 

The CLSM microphotographs of the surface morphology of the experimental and 

control groups after an exposure of thirty minutes showed a definite increase in 

severity between Wine One and Two with a greater severity in Wine Two. 

As was expected, erosive potential of wine on teeth increased in direct proportion to 

the time exposed. The erosive potential of Wine Two was greater than Wine One. 

These results were confirmed by the Microhardness Study quantitatively, as well as 

the Scanning Electron Microscope Study qualitatively. 

Through the three methods of experimentation (the lllicrohardness, SEM and CLSM 

studies) it was shown that wine in general affects the dental surfaces in an adverse 

manner with respect to their surface and the subsurface. 
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11.4 CONCLUSIONS AND RECOMMENDATIONS 

In this study it was possible to show that there was a difference in terms of erosion 

between teeth of wine-makers and those who are not wine-makers. The occurrence of 

erosion among wine-tasters (or makers) was due to frequent exposure of the teeth of 

wine-makers to wine with erosive potential. Frequent exposure of the oral cavity to 

wine, as occurs among wine-tasters, is deleterious to enamel, and constitutes an 

occupational hazard. Erosion is an occupational risk for wine-tasters. 

All the laboratory tests conducted confirmed the influence of wine exposure to 

enamel. A clear ' dose-response' relationship was demonstrated by means of the 

Micro- hardness tests in that all three wines displayed an increased deteriorating effect 

on enamel as the period of exposure increased (Figure 8.4). The Scanning Electron 

Microscope and Confocal Scanning Laser Microscope work both corroborated the 

effects determined by the Microhardness tests visually. Differences were also 

demonstrated in the surface morphology of enamel with respect to the exposure to the 

wines investigated in the Scanning Electron Microscope and Confocal Laser Scanning 

Microscope studies. In the case of the Scanning Electron Microscope it was 

demonstrated with three wines and in the case of the Confocal Laser Scanning 

Microscope with two wines. Differences with respect to severity were well 

established by means of the Scanning Electron Microscope investigations. Surface 

and subsurface lesions were observed with the aid of Confocal Laser Scanning 

Microscope on the enamel exposed to the two wines. 

Studies on the epidemiology of dental health in the wine-making industry, 

pathogenesis of erosion and protective strategies to combat dental erosion due to 

frequent exposure of individuals to wines are recommended. 

Wine-makers and wine-tasters are at greatest risk of dental erosion as their dentition is 

frequently in contact with wines with an acidity usually around 3 - 3 .5 pH for long 

periods of time, which is sufficient to overwhelm the normal levels of protection that 

the saliva, pellicle and plaque affords, to cause rapid demineralization of dental hard 

tissue. 
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Imfeld ( 1996) has proposed that the key components of a preventive program are to 

diminish the frequency and severity of the acidic challenge, enhance salivary flow, 

and to enhance tooth resistance. Enhancing tooth resistance and offering mechanical 
- -

protection are likely to be the most successful methods to treat the dentition of wine-

tasters and wine-makers. Providing chemical protection and minimizing abrasion 

would also assist in combating erosion. 

Practical measures aimed at reducing acid exposure includes: 

};;> informing patients of the types of foods and drinks that have the 

greatest erosive potential; 

};;> consumption of a still/non-carbonated drink as an alternative; 

};;> limiting the intake of acidic foods or drinks to meal times; 

};;> decrease contact time when taking acidic drinks i.e. not holding 

carbonated drinks in mouth, reducing sipping habits; 

};;> rinsing mouth out after acid exposure and 

};;> avoid brushing teeth within 60 minutes after acid exposure. 

Measures aimed at optimising salivary flow involves: 

};;> increasing water intake; 

};;> use of water dispensers or water jugs in the work environment; 

};;> avoiding caffeine and alcohol containing products and 

};;> advise use of sugar free chewing gums. 

Enhancing resistance to erosion can be accomplished by: 
};;> use of neutral fluoride mouthwash or gel; 

};;> use of chewing gum to optimize salivary flow and enhance 

remineralisation and 

};;> application of medicaments to enhance remineralisation and reduce 

sensitivity 

There is also a growing recognition that frequent exposure to wines by wine-makers 

and wine-tasters constitutes an occupational hazard. A need therefore arises to 

develop the requisite legal, .administrative and financial mechanisms to provide 
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workplaces with occupational safety and health services that will effectively identify, 

prevent and control exposures to potential hazards such as wine and promote the 

enhancement and maintenance of optimum levels of oral health status and well-being 

and productive capacity of workers. These measures include the assessment of 

occupational health needs of the enterprise, introduction of prevention and control 

measures in the workplace, provision of preventive and curative activities orientated 

to workers, and implementation of a system of record keeping and evaluation. 

It would be useful in terms of occupational health risk not only to assess the oral 

health needs of persons engaged in wine-tasting and wine-making but also of workers 

in related industries where alcohol is produced. The introduction of prevention and 

control measures in the workplace to minimize the risks of erosion would constitute a 

critical component of a strategy and would need to include the communication of 

results of an oral health assessment amongst workers within the enterprise and the 

identification of prevention and control measures that are needed and available. 

Preventive activities orientated to workers could include the assessment and 

surveillance of workers' oral health status at pre-placement, screening and periodic 

examinations which may be general as well as focused on the biological effects of 

acidic hazards to which the workers may be exposed. It would be useful in the pre

placement of workers to subject them to an intra-oral examination, dental anamnesis 

(case history taking), medical anamnesis and dietary recall history and an assessment 

of their history of their previous occupation and current life style. Salivary tests (flow 

rate and buffering capacity) would no doubt form a useful adjunct to the measures 

already mentioned. Those most at risk, wine-tasters and wine-makers are required to 

taste wine frequently. The entry of wine in the mouth stimulates salivary flow. 

Different individuals however, have different levels of salivary protection, which are 

difficult to modify. Further investigation is necessary to establish ways of

maximizing the roles of saliva, pellicle and plaque. 

Adaptation of the job, workstation and workplace environment to promote workers' 

ongoing health and safety with special attention to such vulnerable groups such as 

those with an acidic dietary history, salivary deficiency, eating disorders and 

medication would need to be addressed. Education and training for owners, managers 
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and supervisors that will inculcate awareness of the health needs of workers should be 

provided, as well as motivation to initiate appropriate prevention and control 

measures. 

Product modification has also been suggested to minimize the erosive effect of certain 

dietary substances. Without risking alteration to the taste, chemical protection and 

product modification cannot be provided within the wine itself as it would affect the 

unique qualities of the wine. Wine-tasters are also careful not to ingest or apply 

anything, which will alter their taste perception. The effect on taste sensation of any 

product applied or used, such as chewing gums or mouth rinses, would therefore have 

to be explored. 

There is also a need to provide or arrange the appropriate diagnostic therapeutic and 

rehabilitative services for occupational diseases and injuries. There are several 

methods, which may be effective against dental erosion caused by wine. Resin 

protection and certain types of fluoride varnishes show promise in providing 

protection to wine-assessors, and self application of concentrated APF gels the 

evening prior to tasting, appear~ to be useful. 

It would also be important to make and retain appropriate records on occupational 

diseases and exposure such as dental erosion in the wine-industry as it could form the 

basis to monitor the effect of the hazard and the effectiveness of prevention measures. 

Intra-oral photographs and study models would be a beneficial adjunct to normal 

clinical assessment records. 

It would be useful for the dental profession to assist those persons involved in the 

wine-industry by developing information and advice as to how erosion can be 

minimized. Professional preventive measures that could be managed by dentists and 

other oral health care professionals include information and instruction about the 

cause of erosion, individual preventive measures that could be adopted by those at 

risk, and useful advice to patients suffering from erosion. 
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Patient information and instruction about the cause of erosion: 

);;:> provide patient advice about appropriate oral hygiene products and techniques; 

);;:> professional stain removal when needed to compensate for low abrasive 

toothpaste needed by patient; · 

);;:> application of fluoride lacquer on initial erosive lesion four times a year and 

);;:> replacement of occlusal restoration to prevent loss of vertical dimension. 

Individual preventive measures by the patient: 

);;:> use soft or medium type toothbrush; 

);;:> use low abrasive (RDA< 40), fluoride and bicarbonate containing toothpaste; 

);;:> no tooth brushing directly after an acidic challenge; 

);;:> employ a vertical brushing technique 

);;:> use low concentrated (0.025 -0.05) % F-) non acidulated fluoride mouthwash 

twice per day or more and 

);;:> sugar free gum to stimulate salivary flow after an acid challenge. 

Advice to patients suffering from erosion 

);;:> diminish frequency of consumption of acid foods and beverages; 

);;:> restrict acid foods to main meals; 

);;:> finish meal with neutral food such as cheese. Drink acid drinks quickly or 

with a straw (although with wines this is not practical) and 

);;:> rinse with water after acid exposure 

With increased awareness by both dentist and patient the problem of wine-tasting 

induced pathology may be reduced. 
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