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ABSTRACT 

 

THE EFFECTS OF FLUORIDE LEVELS IN POTABLE WATER: CASE 
STUDIES IN THE NORTHERN CAPE AND MITCHELL’S PLAIN 

 

Dental caries is a multi-factorial disease that affects a large percentage of people.  It 

affects everyone irrespective of race, class or gender however, the burden of the 

disease is often found in children from lower socio-economic backgrounds.  The 

nature of the disease is such that it can be prevented.  Various international studies on 

fluoride have shown a reduction in the prevalence of dental caries.  Results from local 

studies however have shown the reverse where an increase in fluoride levels showed 

an increase in the decayed, missing and filled scores (Grobler et al 2001).  By using 

geographical information systems oral health data can be linked to the fluoride levels 

and further analysis could be done to identify areas at risk of dental caries as well as 

show patterns in the distribution of dental caries. 

 

The aim of this study was therefore to assess the effects of different levels of fluoride 

on the prevalence of dental caries in selected towns in the Northern Cape and Western 

Cape.  It also examines the application of Geographical Information Systems (GIS) to 

oral health data. 

 

Secondary data included fluoride levels from towns in the Northern Cape, 

demographic information for the children attending preschools and primary schools, 

and dental status which was recorded as decayed, missing and filled components.  

Additional information was collected for Mitchell’s Plain and the following was 

recorded: demographic information, dental status, oral health practices and 

knowledge, and plaque and gingival scores.  Geographic data was obtained from the 

Chief Directorate: Surveys and Mapping.  The data used from this set was the 

provincial and municipal boundaries and towns.  The dental data was analyzed in 

SPSS and presented in tables and graphs.  ArcView 3.3, a GIS software package 

developed by Environmental Systems Research Institute Inc (ESRI) was used for the 

GIS application. The geographically referenced data was layered over the spatial data, 

queried, and then graphically presented in the format that was most suitable. 
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The results from this study show that fluoride alone cannot be considered to affect 

dental caries in the primary dentition.  Towns with higher levels of fluoride levels 

close to the optimal level still experienced a high prevalence in dental caries in the 

primary dentition.  The overall mean DMFT for the permanent teeth were low.  With 

regards to the effects of fluoride on the dental status there was no relation between 

higher levels of fluoride and prevalence of dental caries.  In order to determine the 

benefits of fluoride on the caries prevalence require longitudinal studies.   

 

The application of GIS to oral health definitely has potential benefits if the format of 

the spatial data is of an acceptable level of accuracy and completeness. However, the 

application of GIS to the dataset was limited because of inadequate geo-referenced 

data.  
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CHAPTER ONE 
 

INTRODUCTION AND CONTEXT OF THE STUDY 
 

1.1 INTRODUCTION 
 

 Geographical Information Systems (GIS) have become an important tool in 

health research. The value of maps has been demonstrated as early as 1854 by 

John Snow to show the spatial relationship between cholera deaths and 

contaminated water supply in Soho, London (Howe in Pacione 1986, p.38).  

Mapping diseases provides the ability to reveal spatial patterns and disparities 

and contribute to identifying areas, assist in health care planning, inform 

public health policy and to generate hypotheses for research (Verhasselt 

1993).  Maps are used in epidemiology and public health to show disease 

clusters or “hot spots” (Clarke 1996, p.88).  Openshaw used the geographic 

analysis machine (GAM) facility to show disease clusters of childhood 

leukemia around nuclear power stations in Britain (in Clarke 1996, p.88).  The 

application of GAM requires point data in order to the show the relations 

between the disease patterns and the environmental cause. 

 

The use of GIS in health research in South Africa has not been extensive.  

Research involving the use of GIS has mainly been used in epidemiological 

investigations.  Zwarenstein et al. (1991) used GIS as a management and 

service-planning tool by showing how the hospital services could be managed 

in order to allow the population equal access to the services.  The focus of the 

research was to look at the population per bed ratio and the implications of 

open access to private and hospital services in KwaZulu-Natal which was 

formerly reserved for “whites”.  The GIS analysis showed that open access to 

beds that were previously reserved for “whites” made no difference to rural 

“blacks” because beds were allocated in the cities.  Zwarenstein et al. (1991) 

suggest that alternative access in the rural areas should thus be explored where 

existing services could be upgraded to serve the local communities.  The 

Department of Health (DoH) of KwaZulu Natal has set up the Regional Health 

Management Information System (ReHMIS), which has a spatial database and 

health statistics of many health facilities in South Africa (Le Sueur, et al. 
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1997). It has been used mainly in the public health sector to provide an 

inventory of health care infrastructure in terms of human and physical 

accessibility.   

 

 1.2 PROBLEM FORMULATION 

 
This study will assess the benefit of GIS to oral health.  Numerous 

epidemiological studies have used GIS in the public sector to determine the 

occurrence and distribution of disease, however not many have looked at the 

application of GIS to oral health.  The functional capabilities of GIS in terms 

of capturing, storing, retrieving, analyzing and displaying data have lent itself 

to be applied in many epidemiological studies.  An important tool of the GIS 

is its visualization capabilities, which could be used to highlight disease 

patterns or clusters (Clarke, 1996).  Dental caries is studied by means of 

epidemiological methods; by including maps it will add an additional 

dimension to the research.   Disease patterns or clusters of dental caries could 

be identified that may not be apparent with statistical analysis.  It could further 

be related to the other factors such as fluoride content in the drinking water, 

access to dental facilities or socio-economic indicators. 

 

Dental caries have affected populations for numerous years irrespective of 

age, gender or race.  The decline in dental caries has mainly been in developed 

countries.  This decline has been due to the use of fluoride, access to health 

services, an increased awareness of dental health as well as the availability of 

dental resources.  The burden of dental caries, however, has mainly been on 

the poorer communities with a number of risk factors identified to contribute 

to dental caries.  The National Oral Health Survey (1999-2002) for South 

Africa reported that only 39% of six-year-old children are caries free 

(Department of Health, 2003).  It is, therefore, important to identify preventive 

strategies to reduce the incidence of dental caries.  Fluoride has been shown to 

reduce the incidence of dental caries in a number of countries that have 

implemented water fluoridation or by means of regular use of fluoridated 

toothpaste (Murray 1999, p.250).  Fluoride is present in a natural form in all 

water supplies and can be artificially added to the drinking water.  The natural 
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water supply, however, has varying levels of fluoride where it can be 

beneficial or harmful to the tooth structure.   

 

Various studies from Westernized countries have documented the decline in 

dental caries with the implementation of community water fluoridation.  

According to the Surgeon General Report (USA, May 2000), community 

water fluoridation is considered as the most cost effective, practical and safe 

means for reducing and controlling dental caries.  Despite the evidence 

supporting water fluoridation this issue has been debated for a number of years 

in South Africa and to date has not been implemented.  Moola (1996, p.51) 

stated that the reason for fluoridation not being implemented before 1994 was 

to some extent due to “the lack of government action and a strong anti-lobby 

fluoride policy”.  There has since been commitment from the government for 

the implementation of water fluoridation.  A survey by Chikte et al. (2000) 

determined the attitudes of the general public’s view on fluoridation and 

showed that 60% of the respondents were in favour of water fluoridation.  

Respondents with higher education, income and occupation levels had a 

positive attitude towards water fluoridation.   Despite the evidence in support 

of water fluoridation, fluoride alone cannot be considered as a preventive 

mechanism because of the multi-factorial nature of the caries process.   

 

Many preventive mechanisms have been identified; however, the prevalence 

of dental caries still remains high.  Dental caries should be identified as a 

public health problem as it affects a large majority of the poorer communities.  

The reason why it is not seen in the same light as other health related diseases 

is because an individual can still function if a tooth is lost unlike when a limb 

is lost.  According to Sheiham in Murray (1999, p. 243) it is important to 

identify oral health goals to inform policy, which will ensure that all the role 

players are involved.  “An oral health goal is to achieve a natural, functional 

and acceptable dentition, which enables an individual to eat, speak and 

socialize without active disease, discomfort and embarrassment and which 

contributes to general well being” (World Health Organization, 1982 in 

Murray, 1999, p.243).  Recent studies have related the effects of poor oral 

health as a risk factor for systemic diseases.  Periodontal disease has been 
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identified to affect the general health by increasing the patient’s risk of 

developing cardiovascular disease.  The effects of periodontal disease were 

further identified in pregnant mothers who showed an increased risk of giving 

birth to babies with low-birth weight.  Oral health should, therefore, be seen as 

an important aspect of general health (Cohen and Rose, 1998).   

 

Community water fluoridation is one of the strategies that can improve the 

dental status of poorer communities.  A significant advantage of water 

fluoridation is that anyone who has access to the water supply will benefit 

from the fluoride irrespective of their socio-economic level, race and gender.  

The challenge remains to convince the general public and policy makers on 

the lifelong benefit of fluoride on the large majority of underprivileged 

communities as well as access to clean safe water supplies.  It is thus 

important to identify the areas with different levels of fluoride in the potable 

water and in doing so, establish the effects of these levels on the caries status 

and whether optimal levels of natural fluoride have beneficial effects on the 

teeth of individuals. 

 
1.2.1 Statement of the Problem 

The Minister of Health has approved regulations on fluoridation of public 

water supply in South Africa, which was published in the Government Gazette 

of September 2000 (Regulation No, R 873 of 2000 Sept 8) 

www.doh.gov.za/search/index.html. 9/12/2002.  This in terms of the Health Act; 

(Act No. 63 of 1977) states that all potable water supplies in South Africa 

must be fluoridated to a level not more than 0,7mg of fluoride per litre, unless 

exempted under specific conditions (Department of Health, 2002).  To date the 

water has not been fluoridated due to various concerns, one of which is the 

implementation process.  There are numerous areas that have optimal levels of 

fluoride in their drinking water.  One part per million (p.p.m.) is considered 

the optimal level for the prevention of dental caries.  When the fluoride level 

exceeds the 1p.p.m it no longer has a beneficial effect but has a harmful effect 

on the developing teeth.  This effect is manifested as mottling of the enamel or 

dental fluorosis – this was during Dean’s time – recently 1p.p.m - has been 

debated with the advent of other modes of fluorides in use presently. 
 

http://www.doh.gov.za/search/index.html
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The purpose of this research is to assess the benefits of using GIS in the 

application to oral health data and to establish the effects of different fluoride 

levels in potable water on the oral health of children in selected towns in the 

Northern Cape and Mitchell’s Plain in the Western Cape.  The Northern Cape 

has different levels of fluoride in its potable water, which range from amounts 

in excess of and to below one part per million (1 p.p.m).   

 

By using GIS it is possible to map the location of these areas and identify 

areas at risk of fluorosis.  It will also be possible to visualize areas that need to 

be fluoridated as water fluoridation is being discussed.  GIS could also be used 

to visualize the disparity in oral health by mapping the areas with high caries 

incidence and relate this to the levels of fluoride in the drinking water.  It can 

further be used to compare oral health status in the Northern Cape to the oral 

health status of preschool children in the Mitchell Plain area of the Western 

Cape.  The reason for using the Northern Cape data is because of the different 

levels of fluoride in the drinking water which range between 0.15 to 0.7 parts 

per million, compared to the Western Cape that has low levels of fluoride, as 

low as 0,05 parts per million  (Dreyer and Grobler, 1984, p794 -795).    

 

1.2.2 AIM 

The purpose of this study is to assess the benefits of using GIS in the 

investigation of oral health in selected towns in the Northern Cape and 

Mitchell’s Plain in the Western Cape and to assess the relationship between 

levels of fluoride and dental caries. 

 

1.2.3 OBJECTIVES 

Apart from the general aim of the study, there were also certain objectives that 

have been set.  These are described in the following paragraphs: 

 

1. To develop a model flowchart for an oral health application in order to 

determine the data requirements for GIS. 

 

2. To produce a series of maps, using secondary data, which shows the 

following: 
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(i) The spatial distribution of dental caries in the study areas. 

(ii) The fluoride levels of the potable water in the study areas. 

(iii) The spatial distribution of dental caries in relation to levels of 

fluoride in the study areas. 

 

3. To compare the prevalence of dental caries in eight wards in Mitchell’s 

Plain, Western Cape, and eight selected towns in the Northern Cape. 

 

1.3 RESEARCH FRAMEWORK 

 
The objectives of the study are to assess the effects of fluoride on the caries 

prevalence and to determine the benefits of using GIS for an oral health 

application. The section below will outline the study areas, oral health profile 

of the Northern Cape and Western Cape as well as the data requirements for 

oral health and GIS.  

   

1.3.1 Study Areas 

1.3.1.1 Northern Cape 

The Northern Cape is South Africa’s largest province with an area of 

361,830sq km (www.encarta.msn.com).  The larger section lies south of the 

Gariep River previously known as the Orange River.   Most of the area is arid, 

flat, rocky and sparsely vegetated. It is the least densely populated province 

with a population of 822,727 (Population Census, 2001).  Sixty-six percent of 

the people speak Afrikaans.  Other main languages spoken are Setswana, 

isiXhosa and English.   

 

The communities of the Northern Cape are economically dependent on 

agriculture and mining with a large number of the population coming from a 

lower socio economic background.  The lack of water supplies in the large 

areas in the province is a major constraint  

(www.gcis.gov.za/documents/publications/yearbook/rainbow.html).   In the Gariep River Valley, 

especially in the areas of Upington, Kakamas and Keimoes, the population 

mainly cultivates grapes and fruit.  In the Vaalharts Irrigation Scheme near 

http://www.gcis.gov.za/documents/publications/yearbook/rainbow.html
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Warrenton wheat, fruit, peanuts, maize and cotton are produced on a large 

scale. 

 

Mining plays an important role in the economy of the Northern Cape.  The 

diamond mining pipes are found mostly in the Kimberley district.  The De 

Beers Consolidated Mines were established in 1888 and are still situated in 

Kimberley from where much of the diamond industry of the world is ruled 

(www.gcis.gov.za/documents/publications/yearbook/rainbow.html).   Other minerals are 

iron ore at the Sishen Mine near Kathu, copper at O’kiep (one of the oldest 

mines in the country), Springbok and Aggeneys.  The province is also rich in 

asbestos, manganese, fluorspar, semi-precious stones and marble.  Despite this 

“richness” of the province in terms of minerals, the level of development 

assistance and investment in the province has been low.   

 

Selected towns with different levels of fluoride in the Northern Cape will be 

used in the study.  The reason for selecting these towns was because of the 

population distribution, which is fairly dense, and within an 80-kilometre 

radius from Kimberley.  The towns have different water sources with central 

borehole water supplies while the rural areas have local borehole supplies of 

water.  The following map shows the location of the different towns in the 

Northern Cape that were included in the dataset (Figure 1). 

http://www.gcis.gov.za/documents/publications/yearbook/rainbow.html
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Figure 1: Study Area - The location of towns in the Northern Cape 

used in the study  
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1.3.1.2 Western Cape – Mitchell’s Plain 

Mitchell’s Plain was developed in 1970 to accommodate the large number of 

“coloured” residents who were relocated as a result of the Group Areas Act 

which forced communities out of their existing residential areas                              

(www.dplg.gov.za/html/progs/urpnodes/MtchellsProfile.htm 08/02/04).  Approximately 

forty thousand houses were required.  Mitchell’s Plain was the only area with 

this amount of space that could accommodate the large number of houses.  

Most of the houses in Mitchell’s Plain are formal dwellings, however, a 

number of informal structures have been erected in the backyards of residents.  

This is especially noticeable in the Tafelsig communities.  

 

Mitchell’s Plain is located 20 km from the City of Cape Town and measures 

4km from east to west and 6km in length from north to south.  The boundaries 

are the Phillipi Horticulture area to the west, the False Bay Coastline to the 

south, Khayelitsha to the east is separated from Mitchell’s Plain by a buffer 

area along the Swartklip Road and the R300 and Phillipi to the North.  

Mitchlells Plain is located 4 km from the nearest developed areas of the city 

and is 27km from the central business district (CBD) of Cape Town (Riley, 

1980).  The Mitchell’s Plain CBD is a very busy economic center with a large 

informal trading sector.   

 

The current population of Mitchell’s Plain is estimated at 289,554, which 

make up 10% of the population of Greater CapeTown 

(www.dplg.gov.za/html/progs/urpnodes/MtchellsProfile.htm 08/02/04).   There are a 

large number of schools in the area with a total of 47 primary schools and 16 

secondary schools and approximately 57 113 learners and 1780 educators.  

There is no tertiary level education except for the Faculty of Dentistry of the 

University of the Western Cape, which is located in Mitchell’s Plain.   

 

The area has many social related problems such as inadequate housing, safety 

problems, gangsterism and unemployment, which give rise to the high crime 

rates.  The unemployment rate is estimated at 16.2% of the economically 

active portion of the community and 64.6% of the households earn less than 

R3500 a month (www.dplg.gov.za/html/progs/urpnodes/MitchellsProfile.htm 08/02/04). 

http://www.dplg.gov.za/html/progs/urpnodes/MtchellsProfile.htm 08/02/04
http://www.dplg.gov.za/html/progs/urpnodes/MtchellsProfile.htm
http://www.dplg.gov.za/html/progs/urpnodes/MtchellsProfile.htm 08/02/04
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Figure 2 illustrates the schools that were selected from the Mitchell’s Plain 

district for the purpose of this study. Each school was randomly selected to 

represent the different suburbs in Mitchell’s Plain.  Although Mitchell’s Plain 

was developed as a low socio-economic area there are marginal differences in 

terms of socio-economic conditions in the suburbs.  The 2001 census data 

shows that Tafelsig has more houses on separate stands than Westridge, 

Rocklands and Portlands. Despite this, in Tafelsig there are more informal 

dwellings erected on home properties.  This could be due to the suburbs not 

being of equal size and therefore the demand for housing is more in some 

suburbs. 

 

Income is shown not to be a good indicator of socio-economic level of 

communities and often other indicators such as education have been used. The 

graph below illustrates the differences between suburbs based on the census 

data for 2001 (Population Census, 2001).  The level of education in the 

suburbs of the Mitchell’s Plain district shows the overall percentages to be 

low.  Westridge, Rocklands and Portlands have more adults who have 

matriculated than the other suburbs.  In all the suburbs matriculation 

qualifications were low. 
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Chart 1: Level of education for the selected towns 
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The income was divided into no income, low, middle and high income 

categories based on the 2001 census figures for Mitchell’s Plain.  The 

categories were based on the following: low from R1 to R3200, middle from 

R3201 to R25600 and high from R25601 and more.  The monthly salary per 

person shows that Tafelsig and Lentegeur have a higher percentage of 

individuals that have no income (Chart 2).  These figures correspond to the 

education level where Tafelsig and Lentegeur also have a higher percentage of 

individuals with no schooling. 

 

From the two charts it appears that there is a relationship between income and 

educational levels. 
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Chart 2: Monthly Income based on the Population Census - 2001 
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Figure 2: Study Area - The location of schools in the Mitchell’s Plain 

District used in the study 
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1.3.2. Oral Health Profile  

1.3.2.1 Northern Cape 

The National Children’s Oral Health Survey (NCOHS), 1999-2002, for the 

Northern Cape shows that caries prevalence is high in the primary dentition 

(Department of Health, 2003).  The information provided was for the 

following age groups 6, 12 and 15 years.  In the six year olds only 16% had 

caries free primary teeth while 84% had caries free permanent teeth.  The 

permanent teeth that are present at this age are the first molars and incisors.  

By the age of twelve and fifteen this percentage has dropped respectively to 

52% and 37% caries free permanent teeth.  Fifty percent showed no signs of 

dental fluorosis and questionable to severe fluorosis was recorded in 35% of 

the 12 year old children.  A third of the children presented with moderate 

fluorosis.  One of the reasons for the fluorosis is the excessive amount of 

fluoride in the drinking water.  Ockerse (1941) has recorded these differences 

in fluoride levels in the Northern Cape as early as 1941. The results showed 

that in areas with fluoride levels below 1p.p.m. the caries prevalence was 79%.  

In Kenhardt and Pofadder where the fluoride levels were 6.8 and 2.4 p.p.m. the 

caries prevalence was 24% and 17% respectively.  Of the total sample n=1268, 

half had no caries and more than a third presented with mottled enamel. 

                                                                                                                                                             

Dreyer and Grobler (1984) investigated the quality of fluoride in drinking 

water in South Africa and South West Africa (Namibia).  The authors 

compared their results to that of Ockerse (1941) and found differences in 

fluoride levels in a number of towns.  Grobler and Dreyer (1988) found that 

fluoride levels had changed for 93% of towns from their previous results.  

These differences were due to climatic changes.  In wet seasons the levels of 

fluoride were lower than in dry periods.  The method of testing also influences 

the results.  The water source also determines the level of fluoride (Grobler, 

Van Wyk Kotze and Claymaet, 1991).  The amount of fluoride decreased in 

the following order: borehole water, dams, fountains and canals.  
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1.3.2.2 Western Cape 

A high prevalence of dental caries in children between the ages four to fifteen 

years of age has been reported in the NCOHS, 1999-2002 (Table 1).   

 

Table 1: Prevalence of Dental Caries in the Western Cape 

 

  

  

 

 

Source: NCHOS 1999-2002 (Department of Health, 2003) 

 

The mean number of teeth per child that need care ranged between 3.93 and 

6.2.  This number of teeth that need care increases with age.  This has a direct 

bearing on the dental service provision in the Western Cape. 

  

A survey conducted in Mitchell’s Plain by Adam (1998) identified risk factors 

for dental caries. One hundred children from 12 different crèches in the area 

were examined. This survey reported similar results to that of the NCOHS 

(1999-2002) with a mean dmft of 5 for the age group 48 to 60 months.  The 

variables investigated to determine the risk factors did not show a relationship 

between the risk factor and dental caries except in one area.  A positive 

relationship was found only between plaque and gingival scores and dental 

caries.  The microbial organisms responsible for gingivitis are not responsible 

for dental caries.  The presence of gingivitis indicates that the individual has 

poor oral hygiene practices, which has shown to be associated with the 

development and progression of dental caries. 

  

1.3.3  Data Collection 

The purpose of this study is to assess the benefits of using GIS in order to 

visualize patterns and trends in the data.  This may not always be visible with 

data in tabular format.  In order to assess the applicability of GIS, secondary 

oral health data of the Northern Cape was used.  All the oral health 

information was already collected by the primary investigators.  The Northern 

Age Dmft/DMFT % Caries Untreated caries 

4 -5 4.81 77.1 72.0 

6 5.51 82.3 75.2 

12 1.99 61.8 51.6 
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Cape has a range of fluoride levels, which should be able, to show the effects 

of fluoride on the teeth.    The dental data included the demographic and dental 

epidemiological data that was obtained from the dental examinations of a 

selected sample of children. The examination took place at schools in different 

towns in the Northern Cape and represented a range of fluoride levels.   

 

The dental data, which were in different formats, were obtained from the 

primary investigators.  Part of the data was entered as a record base file and 

another section in Excel.  All the data was converted to Excel for the statistical 

analysis and then saved in a database format for the GIS analysis.   

The same variables used in the Northern Cape data were included for the 

Mitchell’s Plain District as this would allow for the comparison between the 

two datasets.  Additional information on the children’s oral health knowledge 

and practices were included.  The children’s oral health status was assessed by 

recording their decayed, missing and filled teeth as well as the plaque and 

gingival scores. The information was analyzed to assess the oral health status 

and the effects of fluoride on it.  

 

The spatial data obtained from the Municipal Demarcation Board, was not 

used due to certain problems experienced with identifying the school names.   

Instead the spatial data for the Northern Cape was obtained in digital format 

from the Chief Directorate: Surveys and Mapping.  The dental data was then 

aggregated to towns because the school locations were not available in the 

dataset from the Chief Directorate: Surveys and Mapping. 

 

1.4 SOFTWARE SYSTEMS 

 

The results for the dental data was analyzed in the Statistical Package for the 

Social Sciences (SPSS) and presented in tables and graphs.  The dental data 

had to be checked for accuracy and then saved in a database format to enable 

the researcher to access the data for the spatial analysis.   The GIS software 

package used was ArcView GIS 3.3, a desktop mapping package developed by 

the Environmental Systems Research Institute Inc (ESRI).  ArcView allows 

for data input, manipulation, management, analysis and presentation.  The 
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geographically referenced data can be layered over the spatial data, queried 

and then graphically presented in the format that is most suitable. 

 

1.5  OUTCOMES OF THIS RESEARCH 

 

1. The objective was to assess the application of GIS to oral health.   

2. By doing this it is possible to identify areas where the children are at 

risk of developing dental caries or dental fluorosis.  This will further 

assist with health care planning as well as policy formulation.  

According to Antunes et al. (2002, p.133) “the delimitation of areas 

with increased risk of dental caries and greater treatment needs should 

be helpful to public health services for the formulation of policies and 

the targeting of resources to address these problems”.   

3. Human resources could, therefore, be allocated to areas that have a 

high prevalence of disease.  Under current legislation dentists are now 

required to do community service in rural areas after completion of 

their studies, which means that the towns with high caries prevalence 

can be targeted for resource allocations.   

4. Based on the applications of GIS, recommendations could be made for 

future research projects using GIS. 

  

1.6 OUTLINE OF CHAPTERS 

 

• In Chapter 1 an outline is given of the problem to be investigated, as 

well as the aims and objectives of the study.  A description is given of 

the study area and literature relevant to the effects of fluoride and the 

application of GIS on health research is discussed.  A brief outline of 

the data process and how this data will be analyzed as well as the 

application of GIS is presented.  

• In Chapter 2 a list of definitions and functions of GIS as well as the 

literature reviews of similar studies are included in order to assess the 

application of GIS.  The effects of fluoride on developing teeth are 

discussed. The application of GIS in public health has been used 
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extensively and thus an overview is given of the approaches used in 

public health and dentistry. 

• In Chapter 3 the methods that will be employed to analyze and map the 

relationship between fluoride and oral health are discussed.   

• Chapter 4 is divided into two sections that will discuss the results of 

the statistical analysis done in SPSS and the mapping that will be done 

in ArcView.  It will also look at the application of GIS to the current 

dataset as well as the limitations. 

• In Chapter 5 a summary of the findings and the recommendations for 

future projects will be presented.  
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CHAPTER TWO 

 
LITERATURE REVIEW 

 
2.1. INTRODUCTION 
 

In this chapter a literature review of the functionality of GIS as well as the 

application of GIS to health studies will be attempted.  The occurrence and 

effects of fluoride on the teeth are outlined and will focus mainly on the 

clinical effects of fluoride on the teeth.  The final section will discuss the 

application of GIS in sectors such as the medical and dental field as well as its 

application in the public sector. 

 
2.2. DEFINITION AND FUNCTIONS OF GIS 
 

GIS has been defined in different ways.  Many authors have defined it 

according to their area of interest.  The definition depends on whether it is 

seen as a tool or information system.  Masser and Blakemore (1991, p.4) focus 

on the human element and define it as geographic information management 

(GIM).  GIM deals with “the whole process” such as the development and 

operation of the system, especially organizational needs and the capabilities of 

the staff (Masser et al, 1991).  Maguire (1991) defined three approaches to 

GIS: the map-centred approach, the database approach and the spatial analysis 

approach (cited in www.uiowa.edu/). 

• The map-centred approach: 

“Each dataset is represented as a map, also called a layer, theme or 

coverage.  The output is another map” (Maguire, 1991 pp. 13-14 cited in 

www.uiowa.edu/).  The reference to layer, theme or coverage depends on 

the type of software used.  In ArcView it is referred to as a theme and in 

ARC/INFO it is called coverage.  Map features are stored in separate files, 

for example districts, roads, rivers, town and schools.  Each dataset can 

then be opened separately as it is required.  These layers can then be 

overlaid, one on top of each other.  Themes that are usually drawn in the 

foreground of the view are selected at the top of the table of contents.  The 

order of the layers is usually drawn with text at the top, followed by 

points, lines and polygons at the bottom (Martin et al, 2001).  However, 

http://www.uiowa.edu/
http://www.uiowa.edu/
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coverage in ARC/INFO can have more than one class of geographic 

features.  For example, a polygon feature can also contain arc, or text 

features.  Only one theme can be selected from coverage because a theme 

can only represent one class feature (ESRI, 1996).  

 

• The database view: 

This approach “emphasizes the importance of the design and management 

of the database and the ability to answer locationally-referenced spatial 

queries” (Maguire, 1991 pp. 13-14 cited www.uiowa.edu/).  A Database 

Management System (DBMS) is a software package used to store, 

manipulate and retrieve data from a database.  Central to the DBMS is the 

kernel, which controls the processing queries, access paths to data, storage 

management, indexing and multi-user read/update operations (Healey, 

1991).  Linked to the kernel are many interfaces that the user can access.   

 

The database design includes both the physical and logical database 

design.  The physical design is concerned with the location of different 

parts of the database within the computer file system.  It is advised that 

the database should be spread across multiple disk drives for security and 

to balance the input and output load. The logical design represents the 

user’s view of the relationship between datasets.  It allows the user to 

apply data analysis techniques to assess the relationship between two 

datasets. 

 

• The spatial analysis view: 

This view focuses on “analysis and modeling in which GIS is seen as a 

spatial information science rather than a technology”.  The ability to 

perform spatial analysis differentiates GIS from other information 

systems.  Aronoff (1989) groups GIS analysis functions into four groups 

namely maintenance and analysis of the spatial data; maintenance and 

analysis of attribute data; integrated analysis of spatial data, and attribute 

data and output formatting.  These groups are then further divided into 

types of functions.  Despite these functions the GIS capabilities are still 

limited.  DeMers (1997, p181), feels that GIS is “an incomplete spatial 

http://www.uiowa.edu/
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analytical tool” and users are often required to use other statistical 

software.  Spatial analysis allows for description of events in space, the 

pattern of events and the association between the events, and the ability to 

predict and control events.   

 

Loslier (1994) highlights the important aspect common to all definitions, 

namely the spatial aspect and defines GIS as a computer-assisted information 

management system for geo-referenced data.  Clarke (1996, p.3) defines GIS 

as an automated system used for the capturing, storage, retrieval, analysis and 

display of spatial data.  Linked to the GIS is a database as well as spatial or 

map information which makes GIS unique to other research methods. Jacques 

(in Gatrell and Löytönen 1998, p.24) discusses GIS in the context of a 

systematic approach with the added benefit of spatial statistics to formulate 

and test hypotheses.  The author states that “GIS is used to generate maps and 

the spatial statistics determine whether a pattern exists on the maps and 

whether these patterns are unusual”.   The statistically unusual pattern is then 

used to deduce a theory or hypothesis to explain the spatial relationships.  

Richards, Croner, Rushton, Brown and Fowler (1999) have included additional 

functions such as maintenance, management and synthesis.  For the purpose of 

this research the definition of Clarke (1996) will be used as it includes the 

important components of a GIS.  Although this definition does not specify the 

human aspect it could be assumed that an operator is needed to manage the 

system. 

 

The geography of health can have many applications (Verhasselt, 1993).  One 

such area is where mapping can be used as an exploratory tool for generating 

hypotheses by establishing correlations with environmental factors and 

explanatory variables. In this case the environmental factor would be the 

levels of fluoride in the Northern Cape and the effects it has on  teeth.  Gatrell 

and Löytönen (1998) question the value of maps in health research.  If the 

function of the map is only to show association between health and the 

environment and the creation of a thematic map, then the formulation of an 

explanatory hypothesis only happens at the end of the mapping.  Gatrell et al. 

(1998) refers to this as the ‘gee whiz effect’ which is defined as the 
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“formulation of hypotheses to explain an apparent pattern whose existence has 

not been confirmed” (p.17). Jacques (1998) refers to it as “unusual maps 

which are used to generate hypothesis (in Gatrell and Löytönen 1998, p.24).  

The surface operations of GIS are used to generate thematic maps and spatial 

statistics identifies whether unusual patterns exist on the maps.  Jacques 

(1998) lists the following methods in spatial statistics that can be used: disease 

clustering methods, methods for analyzing spatial point distributions, 

adjacency statistics to determine whether classes of areas share the same 

borders, test for boundary overlap and statistics to evaluate associations 

between two or more variables (in Gatrell and Löytönen 1998, p.24)  With the 

increased availability and access to technology, Richards et al. (1999) predicts 

that by the 21st century a number of communities would link health 

information and spatial data patterns to provide cost-effective public health 

interventions. The cost effectiveness is associated with the fact that thematic 

maps are useful for visualizing spatial relationships amongst a range of 

different variables.   This may not always be apparent in table form. It can 

therefore be used to inform health professionals or policy makers of the health 

related problems.  In the present study GIS can  be used as a predictive tool by 

mapping the different levels of fluoride in the drinking water of selected towns 

in the Northern Cape and relating this to the dental status of the children.   

 

2.3 CONCEPTUAL FRAMEWORK FOR GIS 

 
Numerous researchers have used spatial modeling in the past and this range 

from simple to very complex models that are based on mathematical grounds.  

Tomlin (1990) distinguishes between two types of cartographic models similar 

to the ones used in statistical analysis as descriptive and predictive models 

(cited in DeMers 1997, p.357).    The descriptive model describes patterns and 

often it will then be able to predict, based on the patterns observed on the map.  

The predictive model allows the user to establish how certain factors are 

associated with each other spatially (DeMers, 1997).  The predictive model is 

followed by a prescriptive model as defined by Tomlin (1990) and is closely 

linked to the prediction model.   The models applied to the dental scenario will 

for example look at the caries status of the population by including the 
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following databases: decayed, missing and filled components, age of the 

children, the dental services available, fluoride levels, socio-economic 

indicators and addresses of the children.  Based on these variables one can 

produce a cartographic model which will be descriptive in that it will be able 

to describe which areas have higher prevalence of dental caries.  In terms of 

the prescriptive model, if access to services is a problem, then the model 

should establish the best location where individuals could access dental 

services or predict the areas with high fluoride levels that may be at risk of 

fluorosis or areas with lower socio–economic conditions and low fluoride 

levels at risk of higher incidence for dental caries.  This predictive technique 

of modeling is based on predictive statistical methods such as regression. 

 

DeMers (1997) discussed the importance of flowcharts in the development of 

a model as an essential component.  The purpose of the flowchart is to identify 

missing variables as well as to establish whether suitable solutions can be 

made from the coverages that are being used.  This is in line with Tomlinson’s 

steps in developing a GIS project  

 (www.gis.com/implementing_gis/index.html  2005/08/18).   

All the required information could then be included and missing data can be 

acquired to produce the final output.  Collins (in Gatrell and Löytönen 1998, 

p.84), states that GIS has the capabilities to bring data together from different 

sources in a common framework.  However, this is only possible if the data is 

of a good quality and if it is the correct data format for the application.  

Despite having a model in place it is important that the model be tested, also 

known as model implementation.  This is done on a small scale and a sample 

dataset is used instead of the completed dataset.  It is easier to evaluate each 

step when using the sample dataset and if any problems are encountered it 

could be corrected.  Another purpose of the implementation stage is to see 

what other coverages are needed in order for the project to be completed.  The 

next step is to verify the model and DeMers (1997) outlines three questions 

that should be answered; namely whether the data represents the condition that 

is being modeled; whether the model factors are combined correctly and 

whether the final solution is acceptable to the user. 

 

http://www.gis.com/implementing_gis/index.html
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The article by Kamel Boulos (2005), was the only paper that looks at 

developing such a framework. Kamel Boulos (2005), discusses the application 

of GIS in a different context with the main aim being to develop evidence 

based frameworks that can be used for health related problems in the UK/NHS 

setting.  The proposal has been approved to develop these frameworks and is 

based on two health problems.  Diabetes and dental care have been identified 

because 11% of the annual NHS budget is allocated to these two health-related 

issues.  Central to this project is the involvement of other stakeholders through 

e-focus groups which would keep them informed on the development of the 

project as well as setting up a web server to report on the project.  The 

proposal outlines the project over a period of time with the evaluation project 

during the third year after the online publication of the evidence base and GIS 

models for diabetes and dental health.  At the end of this project the author 

hopes to make a model available to the NHS to successfully and efficiently 

integrate the various databases and thus improve planning.  The application of 

a model for GIS has been proposed by Tomlinson in his book and outlines a 

ten stage process for implementing GIS (www.gis.com/implementing_gis/index.html 

2005/08/18).  However, it is felt that the methodology does not cater for the 

health sector and thus the EB-GIS4HEALTH UK project will provide a basis 

upon which the methodology could be applied (Kamel Boulous, 2005).  

 

Kamel Boulos (2005) outlines the anatomy of the model as follows: 

• Metadata – which will specify the model’s version/date and release 

history, the programme/topics to which the model relates; the model 

rationale and role, links to underpinning evidence and a listing of the 

agencies. 

• Inputs – this includes data that was used for the modeled application 

that should be assessed for availability, quality, characteristics and 

constraints related to the model being developed. 

• Processing/methods – these include the ways in which the inputs will 

be processed for the specific output.  These methods will all be based 

on documented evidence to analyze and visualize data. 

• Outputs and their interpretations – the units of measurement and 

visualization methods will be described in this section.  Also the ways, 

http://www.gis.com/implementing_gis/index.html 2005/08/18
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in which the outputs can be interpreted whether certain trends and 

patterns exist in the output, how this information can be used by the 

agency and data limitations in relation to the model should also be 

outlined. 

 

The flowchart can assist in identifying the data needed for the application, 

where the data could be acquired and determine how a wide range of geo-

referenced data could be integrated.  Buckeridge et al. (2002) discuss the 

importance of “models of relationship between data elements” also referred to 

as data models or ontologies.  These are conceptual models which facilitate 

data integration. It thus highlights the importance of a common language 

between health agencies when setting up the health geo-information in order 

to facilitate data sharing.  It will further show the relationship between the 

different datasets.   Model application can then be developed for different 

aspects identified in the flowchart.  Kamel Boulos (2005) describes two types’ 

of models which are interrelated namely an application model and programme 

model.  The application model includes data and/or input from other models, 

processing methods and tools, information output and output visualization and 

valid interpretations or inferences made from the model’s output.  The 

programme model on the other hand “addresses a single broad health topic and 

comprises two application models linked together and interacting with each 

other in a predetermined way towards a broader goal”.  Kamel Boulos (2005) 

lists various applications related to diabetes and dental care.  In the dental field 

it could be used to do needs assessment, ensure equitable access to dental 

services, explore spatial patterns, and analyze patterns in registration and 

utilization of services.  GIS can also show gaps in dental care provision which 

will further help with resource allocation and develop programmes for 

communities with specific needs.  With the implementation of community 

service for health workers it has become essential to know where health 

workers are located. With the help of GIS it is possible to analyze the 

composition and spatial distribution of health workers.  It can further monitor 

programmes for attracting health care workers to work in underserved 

communities.   
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Tomlinson’s framework has additional steps and takes it a few steps back 

compared to the model outlined by Kamel Boulous (2005).  This can be 

considered as the planning phase before implementing the project.  

• The first step looks at the purpose of the project because this is considered 

as the determining factor in the success of the project  

(www.gis.com/implementing_gis/index.html  2005/08/18).   

• Plan for planning – this includes the commitment of resources and people.  

At the end of this step a project proposal is submitted for approval to start 

the formal planning. 

• Determine the technology requirements – meet with customers or clients.  

At these seminars the nature of GIS, its potential benefits and planning 

process can be explained to the stakeholders. 

• Determine the end product – it is important to know what you want to 

obtain at the end of the project.  This stage should result in a description of 

all the information products required as well as data and functions 

required. 

• Define the scope – only at this stage will you determine what data to 

acquire, at what stage it will be needed, and the data volumes that can be 

handled.    

• Create a data design – in this stage you review the requirements identified 

in the earlier stage to develop the database design. 

• Choose a logical data model – describes the parts of the real world and the 

database must fit in a logical manner.  At this stage data accuracy, update 

requirements, error tolerance, and data standards are considered. 

• Determine system requirements – include the system function and user 

interface needed, as well as communication, hardware and software 

requirements. 

• Analyze benefits and cost – in this stage you have to determine how the 

project will be taken from a planning phase to the implementation phase.  

It also includes the implementation strategy as well as the cost-benefit 

analysis which can be used to obtain funding and guide with the 

implementation of the project  

• Make an implementation plan – at this stage a final report with all the 

information on how the project will be conducted should be made 

http://www.gis.com/implementing_gis/index.html
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available to all concerned.  The report should have the following: the 

organization’s strategic business objectives; the information requirements 

for study; details of the conceptual system design, recommendations for 

implementation; time planning issues and funding alternatives  

(www.gis.com/implemeting_gis/implementationplan.html 2005/09/10). 

 

From the literature in models it appears that an important step is to develop a 

flowchart or framework before the implementation of a project.  There are a wide 

variety of applications of models however the basic structure is quite similar in that it 

shows the spatial relationships.  

 

2.4 THE OCCURRENCE OF FLUORIDE 

 

Fluoride is found in a number of sources such as water supplies, air, dental 

products, and food beverages.  Fluoride is found as fluorine in the 

environment and is the most electronegative element.  Fluorine makes up 0.06 

to 0.09 % of the earth’s crust and is found in a number of minerals such as 

fluorspar, rock, phosphate, cryolite, apatite, mica and others (WHO, 1999).  

The two minerals from which fluoride is extracted as fluorosilicates are 

cryolite and rock phosphates.  These two minerals are used to produce 

pesticides and fertilizers and the fluoride byproduct is used to fluoridate 

drinking water.   One of the objections by anti fluoridationist is based on this 

fact.  

 

All water supplies have varying levels of fluoride.  The concentration of water 

supplies is dependent on the level of calcium in the water.  Water with high 

concentrations of fluoride can be found in groundwater from calcium-poor 

aquifers.  High concentrations of fluoride are also found in geographical belts 

associated with sediments of marine origin in mountainous areas, volcanic 

rock, granite and gneissic rocks (WHO, 1999).  It is thus important to assess 

the source of fluoride in communities especially those that consume water 

from rivers, dams or boreholes as these supplies often have higher levels of 

fluoride than the central supply of water.   

 

http://www.gis.com/implemeting_gis/implementationplan.html 2005/09/10
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2.5 THE EFFECTS OF FLUORIDE ON THE TEETH 

 
The mechanism of action of fluoride is via two ways namely topical and 

systemic.  Topical fluoride acts directly on the tooth surface where it 

neutralizes the ability of plaque bacteria to convert sugar into acids thus 

preventing the initiation of dental caries.  Initial carious lesions are also 

remineralised by means of topical fluorides.  Systemic fluoride has both 

topical and systemic effect but the main benefit is that it is absorbed and 

circulated by the bloodstream and deposited in the teeth and bone.  The 

absorption of fluoride is in the stomach where the fluoride is converted to 

hydrogen fluoride.  The amount of fluoride absorbed depends on the pH of the 

stomach.  A high acidic level will reduce the absorption of fluoride.  The rest 

of the absorption takes place in the intestines where it is not affected by the pH 

(WHO, 1999).  Fluoride is then distributed through the body and deposited in 

calcium rich areas such as bone and teeth.  Excess fluoride is excreted via 

urine, faeces and sweat.  Systemic fluoride is only beneficial in the pre-

eruptive stage of tooth development.  The hydroxyl group of the 

hydroxyapatite is replaced by the fluoride ions to form fluoroapatite.  The 

tooth then becomes more resistant to acid attacks.  

 

Studies by Dean in the USA have shown that caries protection and minimal 

dental fluorosis are associated with drinking water with a level of 1 p.p.m. – 

1p.p.m. is now debated because since Dean’s time other fluoride systems have 

come into the environment (cited in Grobler, Louw and Kotze, 2001, p.372).  

Fluoride ingested at this optimal level can play an important role in caries 

prevention. However, the surfaces that benefit the most are the smooth 

surfaces and to a lesser extent the occlusal fissure surfaces thus making 

children still prone to dental caries (Figure 3).  Limeback (1999) in his review 

on the pre-eruptive and post-eruptive benefits of fluoride discusses the effects 

of systemic fluoride on the occlusal surface.  Previous studies state that the 

systemic benefit renders the tooth more resistant to bacteria and 

demineralization.  It further has an effect on the morphology, however, 

Limeback (1999, p.67) states that there was no reliable evidence to support the 

pre-eruptive influence of fluoride on the tooth morphology. 
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The benefit of pre-eruptive and post-eruptive fluoride has been debated on the 

basis of the effects it has on the prevention and reversal of dental caries 

(Featherstone, 1999).  Contrary to earlier studies on the benefits of systemic 

fluoride, it is now felt that systemic fluoride has minimal effect on dental 

caries and that therapeutic levels of fluoride can be reached from drinking 

water and topically applied fluoride. 

 

 

 

 

 

 
 

Figure 3: A cross section of posterior teeth showing the different 

surfaces of teeth 

Source: http://odonto-red.com/cariesdental.htm 

 

The Western Cape has fluoride levels (0.05 p.p.m) way below the optimum 

level while the Northern Cape towns range (0.15 – 8.2 p.p.m) from below the 

optimum level to well above the 1p.p.m level.  The towns in the Northern 

Cape that were selected for the research have fluoride levels that range 

between 0.15 p.p.m. and 8.2 p.p.m (figure 4).  The Western Cape however 

does not have varying levels of fluoride.  This is due to the central supply of 

water to the province.  The level of fluoride in the Mitchell’s Plain district is 

Proximal Smooth surfaces Occlusal Fissure Surfaces 

http://odonto-red.com/cariesdental.htm
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0.05 p.p.m.    Fluoride levels above the 1p.p.m. level could affect the teeth 

during the developmental stage and is known as dental fluorosis (figure 5).  De 

Aar has fluoride level of 0.7 p.p.m. which is considered beneficial for caries 

prevention similar to fluoride levels of 1p.p.m. Leliefontein and Kammasies 

are the only towns in this dataset that have fluoride levels above 1p.p.m. which 

could have harmful effects on the teeth.  The results of a study by Moola and 

Adam (IADR, poster) show that Kamassies with higher levels of fluoride have 

a lower dmft score of 2.5 compared to Leliefontein with a dmft of 4.8.  

However, because of the above optimal level of fluoride in the Kammasies 

group the beneficial effect of fluoride is also accompanied by an increase in 

fluorosis with a higher number of children presenting with Thylstrup and 

Fererskov (TF) scores of 4.  According to the TF index (1978), a score of 4 

indicates that the entire surface exhibits marked opacity, or appears chalky 

white.  Grobler et al (2001) investigated the effects of three different fluoride 

levels on the caries experience and fluorosis on 10 -15 year old school children 

in South Africa.    The areas and the fluoride were Sanddrif with a fluoride 

level of 0.19 p.p.m, Kuboes (0.48 p.p.m.) and Leeu Gamka (3.0 p.p.m.).  The 

prevalence of fluorosis was higher in the in Leeu Gamka (95%) and 

approximately half of the children in the other two areas presenting with 

fluorosis. The results further show a positive association between high fluoride 

levels in the drinking water and caries experience and a significant higher 

mean DMFT compared to the Sanddrif and Kuboes.    
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 Figure 4: Fluoride Levels for Selected Towns in the Northern Cape 
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Dental fluorosis is defined as a chronic, fluoride-induced condition, in which 

enamel development is disrupted and the enamel is hypomineralized 

(Fejerskov et al. 1990, cited in Mascarenhas, 2000, p269).  The features of 

dental fluorosis can range from white spots to mottling of the enamel or 

destruction of the enamel, which is known as hypoplasia.  Figure 5 is a picture 

of a child from the De Aar area who presented with discoloration of the 

enamel.  In addition, developmental defects of the teeth may also be affected 

by the weight of children.  In malnourished children the teeth may be more 

hypoplastic (Mascarenhas, 2000).  In lower socio-economic areas children 

may present with malnutrition, which further puts them at risk of developing 

dental fluorosis. 

 

 
     

Figure 5 Dental Fluorosis 

 

Ockerse has recorded these differences in fluoride levels in the Northern Cape 

as early as 1941. The results show that in areas with fluoride levels below 

1p.p.m. the caries incidence was 79%.  In Kenhardt and Pofadder where the 

fluoride levels were 6.8 and 2.4 p.p.m the caries incidence was 24% and 17%, 

respectively.  Of the total sample n =1268 half had no caries and more than a 

third presented with mottled enamel. 

                                                                                                                                                            

Dreyer and Grobler (1984) investigated the quality of fluoride in drinking 

water in South Africa and South West Africa (Namibia).  The authors 

compared their results to that of Ockerse (1941) and found differences in 

fluoride levels in a number of towns.  Grobler and Dreyer (1988) found that 
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fluoride levels changed for 93% of towns from their previous results.  These 

differences were due to the climatic changes.  In wet seasons the levels of 

fluoride were lower than in dry periods, also the method of testing influences 

the results.  The water source also determines the level of fluoride (Grobler, 

Van Wyk Kotze and Claymaet, 1991).  The Western Cape has fluoride levels 

way below the optimum level while the Northern Cape has towns that ranges 

from below the optimum level to well above the 1p.p.m level.  

 

By identifying the areas that are at risk for developing dental fluorosis as well 

as dental caries, it would help plan effective treatment and preventative 

strategies.  Steps that could be taken are to defluoridate water with excessive 

fluoride levels.  Walvekar and Qureshi (1982) reviewed different methods and 

limitations of defluoridation of water supplies for Kenya where the level of 

fluoride range from 0, 45 to 145 p.p.m for lakes, rivers and springs. The 

authors list three methods to remove fluoride from the water supply.  These 

methods include the use of activated lumina, the use of bonechar and the use 

of magnesium compound.  This, however, is a costly process and thus 

alternatives should be looked at.  Alternatives could be identification of the 

water source and recommendations of alternative means of water collection 

especially where communities are dependent on borehole water.  These 

different methods may not always be applicable for specific communities, for 

example, the use of bone charcoal may not be acceptable because of religious 

and customary practices, and find the use of animal bones are unethical. 

Hindus may not like the use of bone charcoal from cows, in the same way, 

Moslems and Jews may be about pig bones, and Africans about hyena and dog 

bones (WHO Draft Report, 1999).  The World Health Organization has 

produced a document on fluoride in drinking water that outlines the different 

methods of defluoridation.  These methods should be based on community 

needs and must be selected carefully in order to be sustainable (Draft Report 

1999).  “The treatment of water requires favourable socio-economical 

conditions of knowledge, motivation, prioritization, discipline and technical 

and organizational setup” and thus the first step should be to obtain water from 

alternative sources (WHO Draft Report 1999).  
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2.6 FLUORIDATION DEBATE IN SOUTH AFRICA 

 

The implementation of fluoridation in South Africa has not been without 

opposition.  Despite the benefits of fluoride there has also been resistance to 

adding fluoride to the water supply.  The Department of Health (DoH) has 

stated that water fluoridation is the most efficient means of preventing tooth 

decay (www.polity.org.za/html/govdocs/pr/1998/pr0612c.html).  According to the DoH 

it transcends barriers of class and race and it is mainly the disadvantaged 

communities, who do not have access to dental care and commercially 

available fluoride, who will benefit.  However, it does not address the fact that 

a large percentage of the disadvantaged population still do not have access to 

clean drinking water.   

 

The cost of adding fluoride to the drinking water is minimal and will cost the 

general public 50 cents per person per year  

(www.polity.org.za/html/govdocs/pr/1998/pr0612c.html).  As stated in Bailey 

(www.fluoride.org.za/static/baileyissues.pdf) the cost of adding fluoride to drinking 

water will cost approximately R6 million per year and in turn amount to two 

rand per person per year.  The benefit for the individual will be in the form of 

reduced expenses for dental care. According to Chikte (2002) fluoridated 

water reduces caries in the primary teeth by 40-60% and 25-40% in the 

permanent dentition which will reduce the cost of dental care and in turn result 

in fewer days absent from work and school.  The cost of water fluoridation is 

cheaper than toothpaste and much cheaper than the cost of filling a tooth 

(www.fluoride.org.za/static/baileyissues.pdf).  It will cost less than R2 per person per 

year to add fluoride to the drinking water; it is 18 times cheaper than 

toothpastes, 50 times cheaper than preventive measures and 61 times cheaper 

than filling a tooth (Chikte, 2002).  However, it does not state the initial cost of 

implementation and maintenance of the system.  A case study of the Umgeni 

Water suppliers in Durban has estimated the cost to be R510 000 per month, 

which means that the cost of water will increase by 3c per kilolitre.  The 

environmental effect, the source of fluoride, effects on health and the ethics of 

fluoridation have been the main reasons for opposition to water fluoridation.   

 

http://www.polity.org.za/html/govdocs/pr/1998/pr0612c.html
http://www.polity.org.za/html/govdocs/pr/1998/pr0612c.html
http://www.fluoride.org.za/static/baileyissues.pdf
http://www.fluoride.org.za/static/baileyissues.pdf
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Conversely the Northern Cape has endemic levels of fluoride in the water 

supply.  By establishing the effects of fluoride on the teeth it is possible to 

advise the local government on the benefits of fluoride and to highlight areas 

that have a high prevalence of dental caries. 

 

Various other factors play a role in tooth decay such as poor diet, low socio-

economic conditions, malnutrition and access to care. Therefore, the optimal 

levels for countries should be based on the disease profile, water consumption 

and temperature as well as socio economic factors before deciding on the level 

for a specific community.  Evidence of the effects of fluoride on teeth from 

westernized countries may not be appropriate for the local situation.  

Furthermore, emphasis should also be on health promotion, which will 

holistically address the problem of tooth decay. 

 

2.7  APPLICATIONS OF GIS/REVIEW OF SIMILAR STUDIES 

 

The application of GIS has mainly been in the medical field and limited in the 

dental field.  GIS has been used for the mapping of Malaria and Tuberculosis 

in South Africa.   

 

Tuberculosis has increased over the years especially because of its relation to 

HIV/AIDS.  Health care workers often have a problem of defaulters because 

of the prolonged period of treatment.  Defaulters refer to those patients who 

fail to complete their treatment.  The duration of the treatment can last up to 6-

8 months. In response to this problem the World Health Organization 

introduced the DOTS control strategy (directly observed therapy, short course) 

where community members monitored patients’ treatment.  Tanser and 

Wilkinson (1999) used GIS and GPS to show that patients sometimes have a 

problem with accessing health facilities.  The study area was Hlabisa, situated 

in northern KwaZulu/Natal. With the increase in HIV infection the incidence 

of TB for this area increased dramatically from 33% in 1993 to 66% in 1997.    

TB supervision points for 1991 and 1996 were plotted and access to health 

facilities investigated.  They used GIS/GPS to document and quantify access 

to TB treatment.  GIS was used to measure the mean distance from the 
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homestead to the hospital. The results showed that there was decrease in the 

TB caseload but an increase in the supervision points.  The distance from the 

homestead to the hospital was reduced from 2.3 km to 1.5 km over this period.  

The authors feel that in order for the treatment to be effective, community-

based tuberculosis treatment should be implemented.  Porter (1999) however, 

feels that there are problems when using GIS for the development of TB health 

care provision.  The author states that it would firstly erode the importance of 

the human issue and only stress the importance of the health service structure, 

and secondly GIS may also be used without discrimination and in 

inappropriate situations, especially when it becomes the central tool to tackle 

the main problem of TB compliance.  Lastly the technology may cause health 

care providers to focus on other priorities such as employing staff and buying 

equipment to maintain the GIS facility. 

 

Beyers, et al. (1996) used GIS to determine the geographical distribution of 

TB in two suburbs of the Western Cape.  The study was conducted in the 

suburbs of Ravensmead and Uitsig, where the incidence of TB is reported to 

be greater than 1000/100 000 (for every hundred thousand patients examined a 

thousand patients are likely to have TB).  TB is a notifiable disease, which 

allows access to the data via the official records.   Property boundaries were 

obtained from the local municipalities and the census data (1991), in digital 

format, from the Central Statistical Services in Pretoria.  The outcome of the 

study showed that the incidence was unevenly spread over the area and some 

households experienced repeated incidence of TB.  GIS and the population 

census of 1991 were used to illustrate the geographical distribution of the 

cases.   

                                                                                                                    

More extensive work has been done with malaria incidence and the use of GIS 

elsewhere.  Malaria has serious effects on the communities, tourism, 

agriculture and industrial development in KwaZulu-Natal and Mpumalanga 

(Sharp and Le Sueur, 1996).  This has prompted research in various areas of 

malaria control and prevention.  The magisterial districts in KwaZulu-Natal 

were divided into 20 malaria areas and then further sub-divided into 10 

sections.  A team consisting of 8-10 people is responsible for two areas.  These 



 36

teams visit the homesteads and take blood smears for parasite detection as well 

as applying insecticide.  The Department of Agriculture assisted in providing 

Global Positioning Systems (GPS) to obtain longitude and latitude of the 

individual family units.  Geo-referencing the data is essential if GIS is being 

used. An extensive database was set up and a Malaria Information System 

(MIS) developed. The aim was to link the MIS, which consisted of the 

relational database to the GIS and to produce a digital map of the prevalence 

of malaria at a local level.  It has also been used to define school and clinic 

catchments; buffers have been drawn around clinics to assess the distance that 

people need to travel to access the clinics. The map would further assist 

travelers to assess whether they need to take prophylactic precautions and to 

direct resources to the areas that need it most. 

 

2.8 GIS AND PUBLIC HEALTH 

 
Rushton and Armstrong (1997) state that the use of GIS in Public Health has 

increased and the recognition of health surveillance and the allocation of 

health services should be sensitive to the needs of the local areas (cited in 

www.uiowa.edu/).   However, it is important that a team approach be taken, as 

the database should be set up in consultation with the GIS specialist.   

 

Martin et al. (2001) list the purpose of disease mapping as one of the 

following: 

• Descriptive by quantifying the problem, generating hypothesis 

and raising awareness 

• Analytical where risk factors are identified, monitoring of 

control programmes and evaluating and managing intervention 

• Predictive in those areas which can be identified on the basis of 

the current results.  Also to predict what will happen if the 

environmental risk factors change.   

 

All of the above factors can be applied to this study in that it could be 

descriptive, analytical and predictive.  By identifying the areas which present 

with dental problems and relating this to the fluoride levels, it is possible to 

http://www.uiowa.edu/
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identify the problem areas.   With this information it is possible to plan dental 

services as well as preventive programmes.  Human resources could be 

allocated to areas of need.  The results could further assist health services 

planners by allocating dentists doing their community service to clinics where 

the dental services are most needed.  Furthermore, it can be used as a 

predictive tool as fluoride levels could be mapped and the oral health status 

predicted.  By adjusting the fluoride levels to an optimal level one could then 

predict whether an improvement in the oral health status could be expected.  

Rushton and Armstrong (1997, p7) describe this as the “convergence of 

demand and supply-side considerations”. 

  

Kamel Boulos (2004, p1) outlines the application of GIS as follows: “GIS can 

inform and educate (professionals and the public); empower decision-making 

at all levels; help in planning and tweaking clinically and cost-effective 

actions, in predicting outcomes before making any financial commitments and 

ascribing priorities in a climate of finite resources; change practices; and 

continually monitor and analyze changes” 

(http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid). 

 

 

2.9      RESEARCH METHODOLOGY 

 
The methodology of any project depends on what the researcher wants to 

show as well as the information that is available.  Various studies have used 

different methods, application techniques and software.  Evans (1991) lists the 

information required in dentistry.  These include population data such as social 

and demographic, environmental for example fluoride content in water, the 

needs, demands and expectations of the population as well as availability of 

services and facilities.  The software that the researcher selects must be able to 

assign raw data to the area by means of a cross-reference process and also 

summarize data.  Other functions should include calculations and analysis and 

have the capability to export data for mapping.  This is not always available 

from only one software package and may need the addition of other modules, 

which in turn may incur further costs.  Gordon and Womersley (1997) list the 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid
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following requirements when selecting a GIS system as costs, networked or 

single-user system compatibility with other software and technical support. 

 

White, Anderson, Bradnock, Gray and Jenkins (2002) used GIS in a number 

of oral health related settings. The application was based on three case studies: 

the provision of dental care, the distribution of cleft lip and palate patients and 

profile of a general dental practice patient base.  In order to illustrate this 

geographically two types of data was used namely the geographic information 

and the database which was related to a specific location.  Postal code data 

was obtained from the Royal mail and transferred to a GIS data ‘lookup’ file, 

which was geocoded.  Other data included the socio-demographic and dental 

data from consultants in dental public health. 

 

The case study on the provision of dental care is of particular interest as it 

maps the location of dental practices and untreated decay amongst five-year-

old children in Warwickshire and Rugby.  By visualizing this information 

tables were drawn up which showed that there was no relation between the 

number of children registered under capitation and the percentage of children 

with untreated decay.  Thus GIS was a valuable tool in drawing together large 

datasets and visualizing this information.  It further shows the distribution of 

dental services and the untreated caries. Then dental services could target 

these communities.    

 

Susi and Mascarenhas (2002) used GIS by using Zip codes of dentists practice 

locations and county information to map the distribution of dentists in Ohio.  

The three databases that were geocoded were of dentists who provided 

services to patients in practice, those who billed the state Medicaid and safety-

net clinics that provided free or low-costs services.  The results showed that 

dentists were unevenly distributed.  The rural areas were more affected with a 

dentist to population ratio half that of the metropolitan areas.  The 

recommendation from this study was that incentives be given to paying the 

fees of prospective dental students from underserved communities in exchange 

for a contract to work in these areas.  Kamel Boulos and Phillips (2004) used 

GIS to produce “traffic light” maps of dentists’ distribution in England and 
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Wales.  The “traffic light” maps uses three basic colors of red, yellow and 

green that map ranges or classes of mapped variables.  Meanings are attached 

to the different colours and are based on quantity, quality or priority as well as 

high, medium and low level ranges of variables that need different forms of 

action. 

 

Abstracts from papers and posters presented at the Spring Scientific meeting 

of BASCD (British Association for the Study of Community Dentistry), in 

April 1991 illustrate the use of GIS in Public Health.   Evans (1991) highlights 

the importance of establishing whether information is readily available.  These 

include demographic, social and other data as well as postal codes.  Postcodes 

are used to allocate addresses to a specific ward, health district or enumeration 

district.  Gordon and Womersley (1997) illustrate the analytical function of 

GIS for areas, which do not match postcode sectors.  A buffer zone, corridor 

or catchment area could be drawn around a specific site in this case the 

example of a toxic site was used.   The area is then defined according to 

postcodes or distance measures.  From this information a map is then 

produced and thus other data such as health-related, census, socio-economic 

and demographics could then be matched to the postcodes. 

 

Gordon and Womersley (1997) discuss six factors that assisted in the spatial 

analysis of health data: 

• Postcoding of residence of people discharged from hospitals, of births 

and deaths, screenings and immunization.   

• The smallest level of Census output is defined as unit postcode 

aggregates. 

• The availability of the central postcode directory, which allows 

numerator (health events) data to be matched to denominator (Census) 

data for calculations. 

•  The availability of health and census data 

• Digitized unit postcodes are available for purchase 

• The microcomputer-based GIS has analytic and other facilities that are 

easy to operate. 



 40

If such value is attached to postcodes then it is important to educate 

administrators and the general public in filling this information on records.   

 

2.10 CONCLUSION/SUMMARY 

 

From the literature it is thus evident that the application of GIS has a variety of 

functions.  The application to oral health is, therefore, an area that can be 

explored.  It is also evident that the effects of fluoride can have both beneficial 

and harmful effects.  The next chapter will discuss the methods that will be 

applied to oral health data of selected towns in the Northern and Western 

Cape.  
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CHAPTER THREE  

 

RESEARCH METHODOLOGY AND DATA COLLECTION 

 

3.1 INTRODUCTION 

 

The aim of this study is to:  

1. Determine the benefits of GIS in the application of oral health,  

2.   To assess the effects of different levels of fluoride on the dental status 

of children in selected towns in the Northern Cape and in the 

Mitchell’s Plain district with varying levels of fluoride in drinking 

water. 

 

The sections below outline the process of data collection for attribute and 

spatial data and how this data will be used in order to meet the above aim. 

 

3.2 STUDY DESIGN 

 

3.2.1 Secondary Data 

The design of the study will be a Secondary Data Analysis (SDA) because 

existing data will be reanalyzed (Mouton 2001, p.164)).   According Mouton 

(2001, p.164) this is done in order to “test hypotheses or to validate models”.  

The following variables were included in the survey: demographic 

information; oral health status of the children; oral health practices; fluoride 

levels for the schools, and height and weight of the children.  For the purpose 

of the thesis the latter information were not included. A descriptive analysis of 

the existing data will be done with the aid of SPPS statistical package. GIS 

will be used to map the different levels of fluoride and relate it to the oral 

health of children.   

 

The limitations of SDA are that it is difficult to control for data collection 

errors and limits the researcher’s analysis to the original objectives of the 

research.  Blakemore (cited in Masser and Blakemore 1991) states that using 

available information calls for an assessment of the data quality, accuracy and 
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liability. The author lists the following skills that are required when using 

external information: 

 

• Identification of information sources 

The attribute data was made available by the primary investigators (Clayton 

and Moola, 1999).  The researchers used a multi-stage sampling frame in order 

to establish a representative sample of the population by age, gender and social 

status by the regions in the Northern Cape.  All the examiners were 

standardized by means of benchmarking of examiners for the measurements.  

Each child was examined and his/her record entered on the Excel spreadsheet.   

 

• Understanding the nature of the sources 

When secondary data is used it is important to take into account the 

limitations of the data such as completeness and accuracy of the data.  The 

initial project was not set up for GIS, which meant that no spatial data was 

available.  Spatial data was obtained from the SA Explorer CD.  This 

proved to be a problem because the locational data for a number of schools 

were not available on the CD.  Information for the children was aggregated 

to towns and magisterial districts.  The spatial data was obtained from the 

Directorate for Surveys and Maps. 

 

• Ownership and access rules 

The primary investigators remain the owners of the data.  This data will 

only be used for the purpose of this thesis.  

 

• Negotiating copyright, usage restriction and charging regimes 

The initial data was collected and entered by the primary researchers, 

however, for this thesis the data had to be edited to suit the purpose of this 

thesis.  It was, therefore, important to obtain permission from the 

researchers to change the data sheet where necessary.  There was no fee 

involved for the attribute data.  Since the information involves children it 

is important not to use any of the children’s names to ensure 

confidentiality. 
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• Understanding the effects of integrating these sources, both 

thematically and over disparate spatial domains. 

To integrate the attribute data into ArcView, the data had to be cleaned.  

The names of schools and towns had to be checked for correct spelling as 

well as whether it was spelt the same as those used on the spatial 

attributes.  This allows the data to be summarized and joined to the spatial 

data.  Another important aspect of spatial data is the format it is in, for 

example, whether it is a vector or raster data format.  Therefore, it is 

important to have the metadata in order to facilitate the exchange of the 

GIS data.  

 

ArcView GIS will be used to map the relationship between fluoride levels and 

the effects it has on the teeth. 

 

3.2.2 Primary Data for Mitchell’s Plain 

Due to the limitation of the secondary data additional information was 

collected in the Mitchell’s Plain district.  This was a cross-sectional, 

descriptive study design of children attending primary schools in Mitchell’s 

Plain.  The data was then compared to Northern Cape data.  The same 

variables as collected in the secondary data was included in the survey with 

additional information on the children’s oral health knowledge and practices as 

well as their plaque and gingival indices. 

 

3.3 MEASURING INSTRUMENTS 

 

The process of data collection for the secondary data involved a questionnaire, 

with which the demographic information of the children (Appendix 1) was 

obtained.  Each child was examined and the British Association for the Study 

of Community Dentistry (BASCD) criteria was used to record dental status of 

the children.  The water sampling was done by a co-examiner and tested for 

fluoride and other mineral content.  The source of the water was also 

identified. 
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The primary data used a similar form to collect the data (Appendix 2).  

Demographic data, the oral health status and practices were included.  The 

fluoride level for Mitchell’s Plain is the same in for all the areas in the 

Western Cape because of the central supply of the water. 

  

 3.3.1 Clinical Examination for the Primary Data 

 Each child was examined to obtain the dental and oral health status.  A 

qualified oral hygienist did the examination and a student oral hygienist 

recorded the information.  Prior to the examination sterile instruments were 

booked from the sterilization department at the dental faculty.  Only mirrors 

(Size 4) were used and 50 mirrors were taken with to the schools.  No more 

than this number could be examined in one morning as the children left for 

home from 12.30pm.  Each child was examined with gloves and masks.   

  

 The children were examined in a classroom setting using natural light and sat 

opposite, facing the examiner.  The oral health status was assessed using a 

modified BASCD criteria and plaque and gingival scores.  The teeth were not 

air-dried or cleaned before the dental examination. 

  

 After the examination each child was given a toothbrush to maintain or 

improve their oral hygiene.  The data was entered and a summary report of the 

oral health findings were sent to parents of each child (Appendix 3).  

 

3.3.2 The Modified BASCD Criteria  

Code A: The tooth was recorded as sound if there were no signs of 

dental caries.  If a child presented with any stained fissures with 

no cavitation then the tooth was also charted as sound. 

Code B: The tooth was recorded as decayed with a visible break in the 

enamel 

Code C: This code was recorded if there were any restorations on the 

tooth surface, with no visible decay, 

Code D: A tooth that had a restoration with visible decay. 

Code E: A tooth was charted as missing; this could either be due to 

extraction or exfoliation.  The BASCD criteria distinguish 
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between three codes for this particular category.  The missing 

component could either be due to extractions, trauma or other. 

Code F: Unerupted teeth.  This code was not used because all the 

primary teeth were erupted at this age.  In the BASCD criteria 

this code is given to teeth that are sealed and unerupted teeth 

are recorded as a code I. 

The same criteria were used for the permanent teeth but instead of using the 

alphabet, the teeth were numerically scored from 0 to 5 where 0 indicated a 

sound tooth.  A summary of the dental status was then calculated to obtain the 

dmft scores for the individual. 

 

The oral hygiene status was recoded by using the plaque and gingival scores.  

The criteria for scoring plaque were: 0 for no plaque; 1 when plaque covered 

less than ⅓ and 2 when it covered more than ⅓ of the tooth.  The gingival 

status was recorded as 0 for healthy gingiva and 1 when signs of inflammation 

were present.  Inflammation was recorded when there were visible signs of 

redness and swollen gingiva.  

 

3.3.3 Oral Health Knowledge and Practices 

Children were asked whether they brush their teeth; who brush their teeth; 

when and why they brush their teeth as well as what they used to clean their 

teeth.  To determine their oral health knowledge the children were asked 

whether they knew what plaque was, and why they think they should brush 

their teeth.  

 

3.4 STUDY SAMPLE 

 

3.4.1 Northern Cape 

The study population was a cross-sectional sample of 3-12 year old children 

living in the Northern Cape.  A multi-stage sampling was used to obtain a 

representative sample by age, gender and social status.  The reason why this 

age group was used is because systemic fluoride affects the teeth while it still 

develops.  The enamel starts to mineralize while the teeth are unerupted.  The 

structure of the enamel is that it is made up of hydroxyapatite crystals and 
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these crystals are replaced by fluoride when taken in systemically to form 

fluorapatite.  The structure of the tooth changes which makes it resistant to 

acid attacks and therefore, prevents dental decay. 

 

3.4.2 Mitchell’s Plain District  

A convenience sample was used due to time constraints and therefore only one 

Receptive class was selected from each school.  This class is also referred to as 

the Grade R class. The ages of the children range between 4 and 6 years.  The 

age at which a child starts school in South Africa is six years of age. 

 

3.5 MODEL FLOWCHART FOR ORAL HEALTH 

 

A number of risk factors have been identified in the development of dental 

caries.  Dental caries has been described as a multi-factorial disease which is 

illustrated by the flowchart for the application to oral health.  The diagram 

shows the different variables and how they are interrelated and contribute to 

the progression and severity of dental caries.   

 

The flowchart for this study (figure 6) lists the risk factors that contribute to 

oral health.  For the purpose of the study the focus will be on dental caries and 

outlines the risk factors in terms of broader and specific factors.  It further 

shows how the health system can respond to overcome the burden of disease 

by using various oral health strategies.  The GIS application is included and 

outlines the data requirements and different operations that can be performed 

to visualize the application to oral health.     

 

The following section describes the process of data collections and the 

different datasets as well as the GIS operation for the oral health data of the 

Northern Cape and Mitchell’s Plain.  The health system response and oral 

health strategy will be discussed in Chapter 5 as this was not included as an 

objective in the study. 
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FLOWCHART 
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3.6 DATA COLLECTION   

 

The process for data collection for the secondary data was not available. 

The collection of the primary data involved obtaining a list of schools with 

preschools linked to it from two Oral Hygienists working for the Provincial 

Department of Health in Mitchell’s Plain.  From this list eight schools were 

randomly selected to represent each ward in the district.  A convenience 

sample was used because only schools that could accommodate the researchers 

on the day of the dental examinations were included in the study.  Due to time 

constraints only one class was included if there were two or more classes.  

These classes were randomly selected within each of the selected schools.  All 

children were given an opportunity to participate in the study with feedback 

given to all parents on the children’s oral health status.   

 

Prior to the examination permission was obtained from the principals to 

conduct the survey at the schools.  A suitable date for the examinations was 

arranged and confirmed.  Consent forms were given to all the children and 

only children who returned their forms were examined. 

 

3.7 DATABASE 

 

The data for the Northern Cape was obtained from the primary investigators 

who collected and entered the data on a spreadsheet.  It is important to check 

the quality, integrity and accuracy of the external data as to limit time wasted 

later in the spatial analysis. Metadata should be available to establish, for 

example when the data was entered, who has entered it, the names of the data 

fields, the codes used, and what they mean (DeMers, 1997).  The data should 

be in a format that is compatible with the software that will be used.  In this 

instance it has to be compatible with ArcView.   

 

The original data was a d.base record base file, which was converted to Excel 

spreadsheet in order to do the statistical analysis in SPSS.  The primary 

investigators collected the dental epidemiological data using the BASCD 

criteria.  Frequency tables were generated using SPSS or alternatively 
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summaries such as averages can be generated in ArcView.  The data in Excel 

was saved in a database format as ArcView access data in this format. 

A shortcoming of the existing data is the fact that none of the children had 

physical addresses or postal codes.  When using secondary data it is not 

always easy to assess whether the data is correct.   Masser (1989) defines data 

quality as information that is concerned with the fitness or suitability to a 

specific task. He further states that accuracy can be checked by using a range 

of techniques such as statistical models of error or psychological 

investigations to verify the data. 

 

DeMers (1997, p158) discuss three types of errors that could be corrected to 

prevent errors latter on in the analysis.   

• Entity error – which include missing entities, incorrectly placed entities 

and disordered entities 

• Attribute error – using a wrong code for an attribute, misspellings 

• Entity-attribute agreement error – when correctly typed codes are 

attached to wrong entities 

 

3.8 COLLECTION OF RELEVANT DATA FOR GIS 

 

 3.8.1 Attribute data 

 Secondary and primary data was used for this study.  The advantage of using 

GIS is its functionality to handle large datasets.  A relational database is used 

instead of a spreadsheet format.  When using a relational database, which 

consists of many files, a common field (PIN) should is created.  In this form 

the information is maintained separately from the data, but is accessible for 

search and query through standard database functionality (Beard cited in 

Craglia and Couclelis 1997, p. 281).  The existing data was used in its current 

spreadsheet format.     

 

3.8.2 Spatial Data 

The spatial data for the Northern Cape was obtained from the Municipal 

Demarcation Board.  The district boundaries, schools and towns were verified.  

The projections as well as scale were checked for correctness.  The location of 
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the schools and towns where the data was analyzed was checked for the 

reliability of the coordinates and the correct spelling of the names.  This 

information was eventually not used, as all the schools could not be located in 

the database.  Additional data was thus obtained from the Chief Directorate: 

Surveys and Mapping.  The only data used from this set was the provincial and 

municipal boundaries and towns.   

 

None of the spatial data used in this study had metadata.  DeMers (1997) 

refers to metadata as the data dictionary or “information about the 

information”.  The author further distinguishes between passive and active 

forms of metadata.  Passive metadata has information on scale, resolution, 

when the data was entered, who has entered it, the names of data fields, the 

codes used, and what they mean (DeMers, 1997). Active metadata checks for 

correctly coded inquiries for example when the data management system is set 

up for entering a four–digit code, the active metadata will pick up errors 

timeously.  According to the Environmental Systems Research Institute Inc 

(ESRI) (www.gis.com/data/usingdata_print.html) metadata can make it easier for the 

user when working with spatial data as well as improve the GIS benefits.  It 

should, therefore, include the following: 

• An inventory as well as an index of the data 

• Definitions and keyword lists of the names and data items 

• Steps in how the data was collected and in the analysis 

• Information on data structures and data models. 

This information is often not included when obtaining data from external 

sources.  It is, therefore, important that this information become publicly 

available in order for multiple users to access the information. The metadata 

should, therefore, be standardized to allow exchange of data between users.  

ArcCatalog, part of ArcGIS Desktop 8.3 from ESRI has a built-in metadata 

wizard which allows users to view their data holdings, and create, manage and 

edit metadata (Kamel Boulos, 2004) 

 

The street map, in digital format, was obtained from the Cape Metropolitan 

Council and did not include a geocoding index.  No metadata was available 

http://www.gis.com/data/usingdata_print.html
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which made it difficult to ascertain the steps that were taken when the street 

addresses were digitized. 

 
When deciding on using secondary data it is important to evaluate the data.  

This will prevent problems when using the spatial data and therefore 

guidelines should be followed.  The Environmental Systems Research Institute 

Inc (ESRI) relates the importance of assessing data for its quality and 

appropriateness and therefore identifies seven guidelines when data is selected 

(www.gis.com/library/dtgis/ch5b.html).  These include spatial, tabular and image 

data. 

 

1. Managing distortion 

In order to avoid distortion it is important to know the map projection and 

know how the data will be used as well as the size of the area of interest.  The 

spatial data did not include map projections with the result it had to be set as 

unknown.  The functionality of GIS is its ability to analyze large datasets, 

however, if data has different map projection it will not be possible to overlay 

these themes and display it.  The absence of map projections could also be 

used to the advantage of the user especially when using projected or 

unprojected x,y coordinates. 

 

2. Covering your territory 

By defining the area that you are interested in, allow you to collect appropriate 

and relevant data for that area.  This will not affect the application of GIS but 

merely affect the time used when processing large datasets.  

 

3. Getting enough detail 

When collecting the attribute data it is important to know the objectives of the 

project.  This will affect the amount of information added to the attribute. 

 

4. Timeliness 

The time factor is important when things are not static.  The implication is that 

information should be updated, for example, when using street addresses it is 

http://www.gis.com/library/dtgis/ch5b.html
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important to obtain the most current maps since new areas are constantly being 

developed. 

 

5. Accuracy 

The accuracy of a location may not be that important for all projects.  This 

depends on the level of importance such as when critical decisions are based 

on the GIS application. 

 

6. Understanding attribute codes 

Column headings are often entered as an abbreviation.  By using an attribute 

code the user can then check the meaning of these codes.  It is also referred to 

the metadata.  When data is entered directly into the SPSS package, it is 

possible to set up the data in such a manner that the user can print the data 

code sheet.  This will also help when secondary data is used. 

 

7. Compatibility of formats 

The format of the data should be accessible to the software that is used. 

 

3.8.3 Linking or joining attribute and spatial data 

The map and attribute data will be linked, as it is stored in different software 

packages.  The attribute data is entered into a software package with a 

spreadsheet facility and analyzed using statistical packages such as SPSS.  It is 

then saved as a dBASE IV format as ArcView accesses tabular data is this 

format.  The map data will be stored in a GIS software package. A separate 

column will be created in each file to join the two datasets.   It will allow for 

the data to be stored in simple tables, which can be linked to data in another 

table by the use of linking mechanism called a relational join.   Reisman, 

Staley, Curtis and Kaufmann (2001) have stated that a major advantage of GIS 

technology is the dynamic linkage between tabular and spatial data.  Sadiq, 

Ramalingam and Venugopal (8/29/02) list two approaches or models for 

linking spatial and attribute information in a GIS 

(www.gisdevelopment.net/application/health/overview/healtho0006a.htm). These are 

namely the cartography map model and the geo-relational model as used by 

Aronson (1987) and Healey (1991) cited in Ramalingam and Venugopal 

http://www.gisdevelopment.net/application/health/overview/healtho0006a.htm
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(8/29/02).  The cartographic map model combines attribute values that lie 

above or below each other and stack these in superimposed layers.  The geo-

relational model links spatial entities and attribute information by means of a 

common spatial key.  When tabular data is loaded in ArcView, the file is not 

copied or imported into the project but maintains the link between the project 

and the tabular data file (ESRI, 1996).  The data can then be added to the map 

by joining it to the attribute table of a theme.  All the fields from the table are 

appended to the attribute table, which can then be symbolized, labeled, queried 

or analyzed.  When the tables are joined the names of the fields does not have 

to be the same, however, the data type has to be, for example, a numbers to 

numbers, strings to strings, Booleans to Booleans and dates to dates.  The 

relationship between joined tables can be a one-to-one or many-to-one 

relationship between the destination table and the source table.  The type of 

join is done automatically in ArcView.  The joined table is not saved in 

ArcView but the definition of the join.  When opening the project it will rejoin 

the joined tables by reading the files from the disk or by re-doing the 

Structured Query Language (SQL) queries.  Tables can be edited outside the 

join and then rejoined.  The updates will be reflected in the destination table.  

 

3.8.4. Summarizing the Data 

Before performing a join, data should be summarized.  This can be done in 

ArcView using the following summary statistics, count, average, sum, 

minimum, and maximum.  A new table is created that can be joined to the 

attribute table of the appropriate theme.  

 

3.8.5 Data Management/Database Preparation  

It is important that the data be easily accessible for updating and backup.  A  

Database Management System (DMBS) is used for the creation; maintenance 

and accessing of the GIS database (Loslier, 1994).  A standardized directory 

structure will allow for data to be accessed easily.  For example, all data 

should be kept in one directory to allow for easy backing–up and separate 

subdirectories for different scale maps.  It is important when saving data to 

indicate the scale of maps.  Maps analyzed with different scales could affect 

the results. 
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The capabilities of the DBMS include the ability to analyze data based on their 

spatial characteristics (Loslier, 1994).   Examples of the characteristics are the 

overlay process and buffer zone creation. 

 

3.9 DATA ANALYSIS   

 

The dataset was analyzed using SPSS statistical packages.  GIS interfaces 

allow for data to be imported from a number of worksheet programmes.  

ArcView, a GIS software package, will be used for the spatial analysis.  

Openshaw (cited in Masser and Blakemore 1989, p.20) questions the spatial 

analysis function of GIS and states that it only manipulates spatial data.  

However, basic statistics can also be done in ArcView.  This function is used 

when data, for example, is aggregated to a specific point. 

 

3.9.1 Statistical Analysis 

The data was analyzed to establish the effects of different levels of fluoride on 

the dental status of children in selected areas in the Northern Cape.  These 

areas are Kimberly, Warrenton, DeAar, Delportshoop, Douglas, Ritchie, 

Barkly West, and Campbell.  The analysis will also be done for the Mitchell’s 

Plain district and then compared to the Northern Cape data.  The variables that 

will be used are age, gender, brushing, dmft/DMFT scores.  The dmft will 

refer to the primary teeth and DMFT the permanent teeth.  The d- indicates 

decay, m- the missing and f- the filled component.  Descriptive, difference and 

associational research questions will be investigated.   

 

3.9.2 Spatial Analysis 
 
Geographical information systems have shown to be a valuable tool in 

showing patterns and trends in information that is not always possible to see 

when data is in a tabular form.  However, the application is dependent on the 

spatial data.  The secondary data did not have a spatial component; therefore 

the data could only be aggregated to towns.  Van Den Berg (in Gatrell and 

Löytönen, 1998) suggests that there are two scale of analysis namely the ZIP-

code level and the other the address level.  None of these were available in the 

dataset and therefore the information was aggregated to the towns for the 
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Northern Cape.  The tabular data were joined to the spatial data of towns, 

which were available.  The querying capability of GIS to the secondary data 

was limited, as individual records could not be analyzed.  

 

Selecting data for GIS analysis is an important step when deciding to do a GIS 

project.  The data should be assessed for accuracy and quality; how current the 

data is as well as whether it has locational information.  One way of 

overcoming this shortcoming would be to obtain the addresses of the children.  

The initial investigation was done in 1999, which may prove to be problematic 

as the children may not be attending the school any longer.  In order to 

geocode the addresses a street map could be obtained for the towns and then 

digitized.   However it was difficult to obtain maps for the towns in the 

Northern Cape as most of them were in rural areas.   

 

3.9.3 The Process of Geocoding 

Geocoding is the process by which ArcView adds point location to a map by 

using street addresses.   Therefore you need to prepare a view, which contains 

the addresses so that the data could be added to it.  The reference theme should 

contain the following information: the address range fields for each street 

segment; also showing the beginning and ending house numbers on each side 

of the street; a separate field for the street name and direction.   To use the 

reference theme in geocoding it should have a geocoding index, this allows 

ArcView to find the addresses much quicker.   

 

The collections of the primary data for the Mitchell’s Plain area included the 

addresses of the children, which was then geocoded in ArcView.  The data can 

then be displayed using a dot density map which will show spatial patterns and 

thus identify certain areas of concern.  However, a factor that should be kept in 

mind is the question of confidentiality.  This is often the case with using point 

data.  To overcome this data can be aggregated to small areas (Van Den Berg 

in Gatrell and Löytönen, 1998).  There are various other ways of presenting 

the existing data.  One way is by symbolizing the data.  Complex information 

can be illustrated by showing patterns, trends distributions and spatial 

relationships.  By symbolizing the data, it is important to decide what you 
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wish to illustrate on the map, therefore, colors and symbols should be chosen 

carefully. In ArcView the Legend Editor is used to symbolize the data.  The 

following are suitable for the type of data that is available. 

 

1. Graduated Color Maps 

These maps are used to show ranked data or that has numerical progression 

such as measurements, rates and percentages.  In order to apply this method to 

the existing data, the dental data has to be aggregated to a ward or district 

level.  By aggregating the data it is possible to summarize the data based on 

the polygon in another theme they fall in.  The summary data is then joined to 

the polygon in this instance it would be the magisterial district of the Northern 

Cape. 

 

The caries level for these wards/districts can be graduated according to the 

level of decay.   The data can then be summarized for example averaged dmft 

or DMFT scores for each district. The summary table is then joined to the 

spatial data and then symbolized.  The graduated color legend will make it 

easy to visualize the differences between the areas with high caries rates.  

Kamel Boulos and Phillips (2004) used GIS to produce “traffic light maps” to 

show the distribution of dentists in England and Wales.  These maps are 

similar to graduated color maps in that it uses three basic colors red, yellow 

and green to distinguish between and compare areas on a map.  From these 

maps one can show high, medium and low level ranges of variables. The level 

of access to dental services can thus be highlighted by means of the color 

coded maps which can then inform policymakers and planners to target the 

areas that need more dentists.  

 

2. Graduated Symbol Maps 

This type of map is similar to the graduated color map but the variation is in 

the size of the point symbol.  It is also useful in showing rank or progression.  

However, here the caries rate can be symbolized for each town.  An averaged 

caries score needs to be calculated for the different towns.  The range of the 

symbol sizes should be selected carefully in order to prevent overlapping of 
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the symbols but the range in size should also be such that it is distinct from 

each other. 

 

3.  Chart Map 

The chart map uses pie charts or column charts to symbolize multiple 

attributes and show their relationship on one map. By using a chart the 

following could be illustrated the caries level, brushing behaviour and fluoride 

levels for each school 

 

4. Classification Method 

ArcView has five classification methods for illustrating a graduated color or 

graduated symbol map.  These are natural breaks, quantile, equal area, equal 

interval and standard deviation.  The selection of any of these classifications 

depend on the nature of the data as well as what has to be illustrated.  For the 

purpose of this analysis the standard deviation of the dmft/DMFT scores will 

be analyzed.  The standard deviation is used to show how the attribute values 

differ from the mean of all the values.  The map will show all the areas below 

or above the mean since the graduated color ramp is applied. 

 

3.10 SHORTCOMINGS AND LIMITATIONS 
 

A limitation of the secondary data was the lack of spatially referenced data, 

which resulted in the collection of the information of the Mitchell’s Plain 

district.  The application of GIS was thus limited to aggregating data to the 

towns.  GIS will be applied to the Mitchell’s Plain dataset to assess its 

application to oral health data.  

 

In the past spatial data in South Africa was not easily accessible, it is only 

recently that government agencies have made this information freely available.  

Despite this free access to resources the data is not always in a format that 

could be used.  The GIS datasets for this study was obtained from secondary 

sources and subsequent to its applications presented with certain limitations.  

The street data for Mitchell’s Plain, however, did not have reference themes 

for the street segments.  The reference theme should have the address range 
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fields, which shows the beginning and ending house numbers on each side of 

the road, the directions of the road and the street name.   

 

The shortcomings in the dataset highlight the importance of assessing the data 

prior to using it.  It could also affect the method of analysis that will be used.   

Another factor to keep in mind is the fact that metadata is seldom included in 

the dataset.  It is, therefore, critical that the spatial data be assessed for its 

suitability prior to the application and if not the spatial data should be 

collected to suit the purpose of the study.  Kamel Boulos (2004) states that for 

the NHS in the UK to utilize GIS a greater co operation between agencies are 

needed and there should be networking not only in terms of human resources 

but data as well.  Therefore, the benefits of GIS should be made known to all 

involved, a strategy and policy for exchanging data should be implemented to 

ensure the wider use of GIS.  

 

3.11 METHODOLOGY 

 

The oral health data for the Northern Cape and Mitchell’s Plain in terms of 

demographics and effects of fluoride on the dental status is analyzed in SPSS 

to statistically establish the effects of different levels on the dental status of 

children.  Fluoride levels were used as individual levels and categorized into 

low, middle and high where fluoride is used as the independent variable and 

compared to the average decayed, missing and filled components.  The results 

will show whether optimal levels of fluoride have a beneficial effect on dental 

health. Cross tabulations were performed between demographics and dental 

data.   

 

The application of GIS will use the existing attribute and spatial data obtained 

from external sources to assess the suitability of the data.  The data will map 

fluoride levels and dmft scores.  It will also explore whether disease patterns 

exist.  The results of this study are analyzed and presented in Chapter 4. 
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CHAPTER FOUR 

 

RESULTS 

4.1 INTRODUCTION 

 

In this Chapter the statistical analysis and GIS application of the oral health 

data for children attending selected schools in the Northern Cape and 

Mitchell’s Plain district is discussed.  The demographic characteristics of the 

sample including the analysis of the effects of the different fluoride levels on 

the children’s teeth are established.  The results focus on three main questions 

namely (a) the effects of different levels of fluoride and dmft/DMFT; (b) 

differences between males and females and (c) toothbrushing and 

dmft/DMFT.     

  

4.2 THE NORTHERN CAPE STUDY AREA  

 

4.2.1 Demographics of the Northern Cape Dataset 

The sample for the Northern Cape data consisted of 817 school children 

attending 15 pre- and primary schools (Table 2) located in eight towns in the 

northeastern part of the Northern Cape.  The children’s ages ranged between 

2-18 years with a mean age of 8.24 years.  The dataset for Douglas was 

checked since 18 years of age is an unusual age to find in primary school 

children. It could have been an error when the data was entered.  The date of 

birth should most likely have been 1988 instead of 1980 since all the entries 

above and below this entry had date of births in this range.  The median and 

mode were 8 years and 7 years respectively with no significant difference in 

the mean age.  There was a significant difference (p<0.05) in the distribution 

between areas when divided into age groups of 2-5 years and 6-18 years.  The 

majority of children fell into the 6-18 years age group. Gender was equally 

distributed amongst the areas (Table 2).   
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Table 2: Demographics for the Northern Cape Data set 
 

Area Total Gender 
% M       %  F 

Age Range 
      Yrs 

Mean Age 
     Yrs 

Barkly West 56 50 50 6-13 9 
Campbell 70 45.7 54.3 6-12 9 
Delportshoop 81 51.9 48.1 5-12 9 
De Aar    128 46.9 53.1 3-16 9 
Douglas 65 49.2 50.8 3-12 8 
Kimberley 297 46.5 53.5 3-13 8 
Ritchie 48 43.8 56.2 6-11 9 
Warrenton 72 41.7 58.3 2-12 8 

 
 

4.2.2. Fluoride Levels 

The Northern Cape has varying levels of fluoride, which range from very low 

to very high (Figure 4).  The fluoride levels for the towns range from 0.15 – 

0.7 p.p.m, however, it could also vary for different schools in a particular town 

(Table 3).  The level of fluoride at schools in Kimberley varied which could be 

due to the water source.  The domestic water supply for the Northern Cape is 

from different dams and boreholes while other water sources are from the 

Gariep (Orange) River.  Grobler, Van Wyk and Cleymaet (1991) updated the 

tables on the levels of fluoride in the Cape Province.  This investigation 

showed that the level of fluoride in borehole water was higher compared to 

dams, fountains or canals while the canal water was higher than fountains.  

The explanations given by the authors are that dam water originates from 

surface water and despite the fact that fountain and borehole water are both 

underground water it seems that the process of how it gets to the surface 

affects the fluoride level.  Fountain water bubbles out, which means it 

originates from a different rock formation.  The reason why canals that flow 

from dams may have higher levels is that it may have become contaminated 

while it flows from the dam. 
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Table 3: Levels of fluoride in different Towns of Northern Cape 

  
 

Northern Cape 
 

Towns Schools Fl Level 

Barkly West Barkly West Prim 0.34 

Campbell Aalwyn 0.34 

De Aar Kareeville Prim 

Kareeville Preprim 

0.7 

0.7 

Delportshoop Francis Mohapanele 

Simbamba 

0.45 

0.45 

Douglas Arthrudes 

Vaal-Oranje 

0.15 

0.15 

Kimberley Floors Noord 

HF Verwoerd 

Isagonile 

Little Flower 

0.36 

0.35 

0.35 

0.34 

Ritchie Twee-Rivier 0.19 

Warrenton Kammaland 

Laerskool Warrenton 

0.34 

0.34 

 
 

Leliefontein and Kamassies were included in the discussion because these 

towns had higher levels of fluoride above the optimum level.  The sample 

selected from these two areas amounted to 135 children and adults.  They were 

selected from the preschool, primary school and adult population.  For the 

purpose of this study the adult population’s results were excluded.  The levels 

of fluoride in Leliefontein and Kamassies ranged between 0.2 – 2.5 and 2.4 – 

8.2 p.p.m of fluoride respectively.  By including these towns it is possible to 

see whether different fluoride levels have an effect on the caries prevalence. 
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4.2.3. Caries Prevalence 

Table 4 and 5 summarizes the dental status of the children.  Table 4 outlines 

the dental status for the primary teeth for children ages 2 to 6 years old and 

Table 5 the permanent teeth.  The d-component dominated the dmft score in 

all the towns except in Warrenton, which had the lowest score.  Kimberley and 

De Aar have the highest d-component this could be due to the fact that it is 

more urbanized than the other areas.  The m-component was the highest in De 

Aar, Warrenton and Kimberley.  In the permanent teeth the M-component was 

fairly low for these areas.  The f-component was almost non-existent or low in 

most of the areas except in Warrenton.  The F-component in all the areas was 

very low.   

 
 
Table 4: Dental Status of Primary Teeth (Age Range 2-6 years) 

 
 

TOWNS Fl 

LEVEL 

dmft (± s.d) d m f 

Douglas 0.15 1.53 (1.69) 1.53 0.00 0.00 

Ritchie 0.19 3.33 (1.16) 3.33 0.00 0.00 

Barkly West 0.34 1.25 (2.44) 1.25 0.00 0.00 

Campbell 0.34 3.00 (2.58) 2.57 0.43 0,00 

Kimberley 0.34-0.36 4.25 (4.00) 3.36 0.82 0.06 

Warrenton 0.34 2.23 (3.67) 0.92 0.65 0.65 

Delportshoop 0.45 2.07 (2.69) 2.07 0.00 0.00 

De Aar 0.7 5.38 (3.99) 4.52 0.85 0.00 

Leliefontein 0.2-2.5 4.8 4.1   

Kamassies 2.4-8.2 3.4 2.5   
Standard deviation shown in parentheses 

 
 
 
 
 
 
 
 



 63

The ‘m’, ‘M’, ‘f’ and ‘F’ components of the dmf(t)/DMF(T) is indicative of 

both disease and type of service delivery.  Very low ‘f’/‘F’components show a 

dental service that is of an emergency type if the ‘m’/‘M’ is greater.  However, 

if ‘d’/‘D’ is prominent then it shows a lack of dental services. 

 
 

Table 5: Dental Status of Permanent Teeth 
 

TOWNS Fl 

LEVEL 

DMFT 

(± s.d) 

D M F 

Douglas 0.15 0.27 (0.69) 0.27 0.00 0.00 

Ritchie 0.19 0.23 (0.59) 0.23 0.00 0.00 

Barkly West 0.34 0.27 (0.67) 0.23 0.02 0.02 

Campbell 0.34 0.38 (0.84) 0.29 0.07 0.01 

Kimberley 0.34-0.36 0.64 (1.31) 0.60 0.03 0.01 

Warrenton 0.34 0.27 (0.72) 0.12 0.06 0.10 

Delportshoop 0.45 0.29 (0.75) 0.29 0.00 0.00 

De Aar 0.7 0.37 (0.82) 0.24 0.04 0.09 

Leliefontein 0.2-2.5     

Kamassies 2.4-8.2     
Standard deviation shown in parentheses 
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Table 6: Mean dmft for Age Groups 

 
Age Fl 

(p.p.m) 
dt mt 

 
 

ft dmf(t) 

 
2 -3 yrs 
 
n = 35 

 
0.15 
0.35 
0.7 

 
0.67 
1.50 
2.60 

 
.00 
.00 
.00 

 
.00 
.00 
.00 

 
.67 
1.50 
2.60 

 
4 – 5 yrs 
 
n = 183 

 
0.15 
0.34 
0.35 
0.36 
0.45 
0.7 

 
2.00 
2.34 
2.63 
8.00 
1.67 
4.35 

 
.00 
1.65 
.38 
.00 
.00 
.29 

 
.00 
.35 
.08 
.00 
.00 
.00 

 
2.00 
4.32 
3.08 
8.00 
1.67 
4.65 

 
6 – 7 yrs 
 
n = 322 

 
0.15 
0.19 
0.34 
0.35 
0.36 
0.45 
0.7 

 
1.09 
1.63 
2.23 
2.16 
5.08 
2.18 
4.26 

 
.00 
.00 
.12 
.82 
.58 
.06 
1.28 

 
.00 
.00 
.23 
.32 
.00 
.00 
.00 

 
1.09 
1.63 
2.58 
3.30 
5.65 
2.24 
5.54 

 
8 – 12 yrs 
 
n = 331 

 
0.15 
0.19 
0.34 
0.35 
0.36 
0.45 
0.7 

 
1.31 
.57 
1.20 
1.09 
3.22 
1.39 
.98 

 
.00 
.14 
.32 
.29 
.29 
.13 
.42 

 
.00 
.00 
.07 
.03 
.24 
.00 
.07 

 
1.31 
.71 
1.59 
1.42 
3.76 
1.53 
1.47 

  

 

Table 6 shows the distribution of the mean dmft scores according to age 

groups in schools with varying fluoride levels in the Northern Cape.  There 

was an increase in the dental caries (dt) with an increase in age as well as with 

an increase in fluoride level.  With increase levels of fluoride one would 

expect a reduction in dental caries.  The nature of the results highlights the fact 

that levels of fluoride as a preventative mechanism cannot be looked at in 

isolation but all risk factors for dental caries should also be taken into account.  

From the data it appears that the dental caries (dt of 4.35 and 4.26) is 

stabilized at 0.7 p.p.m for the age groups 4 -5 and 6 -7 years.  The results from 

an international study on childhood caries reported higher dmft scores for the 

African group (Pine et al, 2004).  The dmft scores ranged between 5.6 and 6.9 

with the Cape Town coloured group the highest.  The overall results showed 
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less than a quarter of the sample with a dmft score less than 5.  This was 

despite the fact that the sample included groups from urban, non-deprived 

groups, which generally have lower dmft scores.    

 

Floors Noord School in Kimberley with a fluoride level of 0.36 p.p.m had the 

highest level of dental caries in all age groups (Table 6 and 7).  The dental 

caries component for the permanent teeth (Table 7) was low with a higher 

score (DT= 1.45) observed in the 0.36 p.p.m fluoride level.  The one-way 

analysis-of-variance for both the primary and permanent teeth showed a 

significant difference (p < 0.05) between the groups. 

 

Table 7: Mean DMFT for Age Groups 

 
Age Fl 

(p.p.m) 
DT MT FT DMF(T) 

 
6-7 yrs 

 
n = 201 

 
0.15 
0.19 
0.34 
0.35 
0.36 
0.45 
0.7 

 

.00 

.31 

.05 

.05 

.42 

.06 

.05 

.00 

.00 

.00 

.00 

.00 

.00 

.10 

.00 

.00 

.05 

.00 

.00 

.00 

.00 

.00 

.00 

.10 

.05 

.42 

.06 

.15 

 
8-12 yrs 
 
n = 447 
 
 

 
0.15 
0.19 
0.34 
0.35 
0.36 
0.45 
0.7 

 

 
..38 
.19 
.28 
..31 
1.45 
.38 
.44 

 
.00 
.00 
.07 
.00 
.09 
.00 
.02 

 
.00 
.00 
.04 
.03 
.00 
.00 
.19 

 
..38 
.19 
..39 
..34 
1.54 
.38 
.65 

 
13 – 16 yrs 
 
n = 26 

 
0.15 
0.19 
0.34 
0.35 
0.36 
0.45 
0.7 

 
- 
- 

.00 
- 

1.00 
- 

.42 

 
- 
- 

.00 
- 

1.00 
- 

.00 

 
- 
- 

.00 
- 

.00 
- 

.13 

 
.00 
- 

2.00 
- 
 
 

.55 

 

Li and Wang’s (2002) eight-year cohort study investigated whether dental 

caries in the primary teeth could be used to predict caries in the permanent 

teeth.  The results of the study showed a significant association between caries 
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prevalence in the primary and permanent teeth (p < 0.01).  Children who had 

caries in the primary teeth were three times more likely to have caries in their 

permanent teeth (relative ratio = 2.6, 95% CI + 1.4 – 4.7; p<0.001).  Caries in 

the molar teeth had the highest predictive value (85.4%). 

 

The results indicated in table 6 & 7 could not be used to predict the caries in 

the permanent teeth since this was a cross-sectional study.  The cross-

tabulation for caries in the primary teeth showed no significant relation to 

caries in the permanent teeth (Appendix 4).  The higher prevalence of dental 

caries in the primary teeth compared to the caries in the permanent teeth could 

be that the benefit of systemic fluoride is more on the permanent teeth than the 

primary teeth.  Possible explanations could be that in order to see the effects of 

fluoride on the primary teeth, administration of fluoride should happen while 

the teeth are developing.  For the primary teeth it should, therefore, be given 

as prenatal fluoride; however, there is no clear evidence as to whether fluoride 

crosses the placental barrier.  Glenn et al, 1982 cited in Murray, 1999 p.45) 

have reported on the benefits of prenatal fluoride supplementation and have 

reported a reduction in dental caries.  Ninety-seven percent of the 117 children 

who received prenatal fluoride were caries free.  The reasons for the improved 

dental status were explained due to the increased level of fluoride in the teeth 

of the exfoliated primary teeth and the occlusal morphology (Glenn et al. 1982 

cited in Murray, 1999 p.45).  The recommendation put forward by Glenn and 

Glenn in 1987 was that mothers should use between 1and 4mgF/day starting in 

the twelfth week of pregnancy.  Various researches have criticized this 

recommendation because it was felt that there was “a lack of adequate data” 

(cited in Murray, 1996 p.45).  The pre-eruptive mode of action of fluoride was 

considered to be more beneficial because it was incorporated in the enamel 

crystal during the development of the enamel which rendered the tooth 

resistant to acid attacks.  This, however, is now considered a minor effect and 

the post-eruptive effects of fluoride are seen to be more beneficial (Axelsson, 

1999).  Another reason could be that not all the permanent teeth are erupted. 

The prevalence of dental caries in the primary teeth should indicate the need 

for health professionals to intervene to prevent the developing of caries in the 

permanent teeth.  In the absence of optimal levels of fluoride, children should 
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be targeted for oral health promotion at an earlier age to prevent the permanent 

teeth from becoming decayed.  Teachers and parents can play an important 

role in providing oral health education to children.  Since children spend most 

of their time at school, the knowledge and oral hygiene practices can be 

integrated into activities at school and also included as part of the general 

health component of the curriculum.  Schou and Wight however reported that 

dental health education was more beneficial for children from affluent areas 

than for children from deprived areas (cited in Locker, 2000).     
 
 

These results indicate that towns with higher levels of fluoride had a higher 

prevalence of dental caries (Table 6 & 7).  There was a significant difference 

between the individual dmft scores in the 0.36 and 0.7 fluoride levels 

(Appendix 5).  The photograph below shows dental caries of the anterior teeth 

of a child from the De Aar group.  

 

 

 

 
 
 
   Figure 7 Dental Caries of the Anterior Teeth 

 

 

4.2.4 Caries free Teeth 

The proportion of caries free children did not differ amongst the different 

towns.  The overall caries free component for the primary teeth ranged 

between 29-55% (Chart 3) for the individual towns.   Douglas was the only 

Dental caries of the 
primary anterior teeth 



 68

town that had a 55% caries free component.  This is despite the fact that 

Douglas has the lowest level of fluoride, which shows that other risk factors 

such as diet and oral hygiene could play a role in the caries process. 

Kimberley had the lowest caries-free percentage (29%).   

 

 

Chart 3 Percentage Caries Free Individuals 
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The photograph illustrates a dentition that is caries free.  The primary 

investigators took this picture of a child attending one of the schools in De 

Aar.   

 

 
 

Figure 8 Caries Free Teeth 

 

The global average indicator set by the 34th World Health Assembly (1981) 

stated that children between the ages of 5-6 years should have a 50% caries 

free component by the year 2000.  The percentage caries free children for the 

Northern Cape was well below the global.  The National Children’s Oral 

Health Survey (2003) reported only 16% of 6 year-old children as caries free.  

This percentage corresponds to the results of this study which reported a 

20.8% and 16.5% for the age groups 4 -5 and 6 -7 years respectively (Table 8).  

There was also a gradual reduction in the caries free component with an 

increase in age in the primary dentition, highlighting the fact that dental caries 

progressively continues throughout early childhood (3-6 years). 
  

Table 9 gives a breakdown of the caries free component for the different 

fluoride levels.  Approximately one third of the sample in each fluoride 

category was caries free.  There was no relation between fluoride levels and 

caries free components.  
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Table 8 Caries free Component for Different Age Groups in the 
Primary Dentition 

 
 

Age in years 
  

dmftscores Total 

 
  
Caries free dmft ≤ 3 4 -6 dmft 7 - 9 dmft > 10 dmft   

 2-3 yrs Count 17 10 6 1 1 35
    % within 

agegrps 48.6% 28.6% 17.1% 2.9% 2.9% 100.0%

      
  4-5 yrs Count 38 49 45 26 25 183
    % within 

agegrps 20.8% 26.8% 24.6% 14.2% 13.7% 100.0%

      
    

 
 

 
 
Table 9: Caries free Component by Age and Fluoride Levels in the 

Mixed Dentition for 6-years an over 
 

 
 

Fluoride levels 

 

Age Groups 

 

p.p.m 

 

6 - 7 yrs 

 

8 – 12 yrs 

 

13+ yrs 

0.15 31.8% 63.6% 4.5% 

0.19 25% 75%  

0.34 23.1% 75% 1.9% 

0.35 25% 75%  

0.36 40% 60%  

0.45 27.8% 72.2%  

0.7 6.4% 44.7% 48.9% 

 
 

 
4.2.5 Oral Health Behaviour 

The children were asked certain questions to assess their oral health habits.  

The majority of children (86.9%) indicated that they brush their teeth.  

However, they were not asked how often they brush their teeth.  A large 

percentage (81.9 %) use toothpaste and a variety of brands were listed.  The 
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children, however, did not have to say whether they use toothpaste every time 

they brush their teeth. 

 

The photograph below is of one of the children from the Northern Cape.  It 

illustrates that despite the high percentage that indicated that they brushed 

their teeth, the children still presented with visible plaque.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 Poor Oral Health 

 
 
4.3 COMPARATIVE ANALYSIS 
 

4.3.1 Fluoride level and dmft/DMFT 

The fluoride levels were recoded into high, medium and low fluoride levels 

(Table 10).  The areas that had levels of 0.15 and 0.19 were grouped as low, 

between 0.34–0.45 medium and 0.7 high fluoride levels.  Table 10 shows a 

significant difference (p = 0.000) amongst the three levels, with the lower 

level having the lowest dmft (1.22).  Theoretically with an increase in fluoride 

levels the dmft should decrease because of the caries preventive effects of 

fluoride.  

 

 

 

 

 

Plaque 
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Table 10: Fluoride Levels (high, medium and low) and decayed, 

missing and filled teeth (dmft of the primary teeth) 

 

dmft 

Fluoride levels Mean ± sd N 

Low Fl 1.22 ± 1.79 86 

Med Fl 2.68 ± 3.12 484 

High Fl 2.19 ± 3.56 128 

Total 2.54 ± 3.12 698 
 

p<0.05 
 
 
  

When comparing the differences amongst the individual towns, a significant 

difference (p<0.05) was observed (Table 11).  The mean dmft of 4.85 was 

found in Kimberley with a fluoride level of 0.36ppm.  Douglas with a fluoride 

level of 0.15 had the lowest dmft (1.31).  De Aar with the highest fluoride 

level had a dmft score of 2.91.   

 

Kimberley and De Aar with fluoride levels of 0.34-0.36 and 0.7 respectively 

had higher dmft scores compared to areas with lower levels of fluoride.   The 

inclusion of Kamassies and Leliefontein, which have fluoride levels above the 

optimal level indicate that excessive levels of fluoride can have the reverse 

effect where the teeth that are hypoplastic which then may be more prone to 

decay.  Harris et al.’s (2002) review on hypoplasia as a risk factor had varying 

results ranging from those that found that hypoplasia played a role in 

predisposing the individual to dental caries while others showed that when 

other variables were controlled e.g. demographic and socio-economic 

variables the risk was reduced.  Hypoplastic teeth could also easily be charted 

as dental caries.  This, however, is overcome by using set criteria for 

diagnosing dental caries as well as calibrating the examiners.   
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Table 11: dmft for Individual Fluoride Levels 

 
dmft 
Fluoride Level Mean ± sd N 
0.15 1.31 ± 2.10 49 
0.19 1.11 ± 1.29 37 
0.34 2.30 ± 3.06 198 
0.35 2.31 ± 2.98 137 
0.36 4.85 ± 3.29 85 
0.45 1.73 ± 1.94 64 
0.7 2.91 ± 3.56 128 
Total 2.54 ± 3.12 698 

 
p<0.05 

 
 

The permanent teeth had lower DMFT scores.  There was no significant 

difference in the mean DMFT between the areas divided into low, medium 

and high.  However, when comparing the individual towns a significant 

difference (p<0.05) was observed (Table 12).  Kimberley once again showed 

the highest DMFT (1.11). 

 

Table 12: DMFT for Individual Fluoride Levels 

 
DMFT 
Fluoride Level Mean ± sd N 
0.15 0.27 ± 0.69 59 
0.19 0.23 ± 0.59 48 
0.34 0.31 ± 0.75 17 
0.35 0.23 ± 0.69 121 
0.36 1.11 ± 1.65 108 
0.45 0.29 ± 0.75 76 
0.7 0.37 ± 0.82 128 
Total 0.42 ± 0.98 718 

 
p<0.05 

 
 

4.3.2. Gender and dmft 

There was no significant difference between males and females with regard to 

their dmft scores.  The dmft scores were 2.66(3.17) and 2.42(3.06) for males 

and females respectively.  A similar pattern was noted in the permanent teeth 

with a mean DMFT of 0.42 for both males and females.  The data for the two 
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sexes were, therefore, combined for further analysis.  However these 

differences in caries between male and females may be more apparent during 

the adolescent years.  These differences could be due to the different oral 

health behaviour and practices between males and females.  Females tend to 

be more concerned with their oral hygiene.  This could explain the lower 

incidence in caries levels.  According to Choo et al. (2001) adolescents tend to 

brush their teeth for cosmetic reasons and are influenced by lifestyle and social 

behaviour.  Another factor is the changing dietary requirements of 

adolescence.  The female adolescent is more concerned about their weight and 

may be aware of what they eat while males may binge eat and have high 

carbohydrate diets.  A Canadian study reported that the consumption of sugar 

becomes important at the age of 14 years when adolescents show an interest in 

their image and weight control (cited in Hokala, Honkala, Rimpelä and Vikat 

2002, p.131).   Honkala et al. (2002) observed that there was a tendency 

amongst males to receive oral hygiene instructions more often but brushed 

their teeth less frequently.  The younger males and females do not have these 

concerns regarding diet and no difference in diets may be found between 

them. Their sugar intake may either be high or low with poor or good oral 

hygiene.  The dietary intake of the children was not assessed because it is not 

always possible to obtain dietary information from young children since they 

are not good at recalling information.  One way of obtaining dietary 

information is to do a dietary analysis where individuals are asked to write 

down all the food they consume for a number of days or for a full week. It is 

therefore important to promote oral health and introduce healthy eating habits 

at a young age.  These skills that are acquired in early childhood are more 

likely to become a habit and continued into adulthood. 

 

4.4 MITCHELL’S PLAIN 

 

4.4.1 Demography of the Mitchell’s Plain Study Area 

A total of 255 preschool children were examined at 8 schools in the Mitchell’s 

Plain area (Table 13).  The schools were randomly selected to represent the 

different wards in the area.  Due to time constraints only one class from each 

school was examined. 
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Table 13: Demography of the Mitchell’s Plain District 

 

SCHOOL TOTAL GENDER 

M                   F 

AGE RANGE 

YRS 

MEAN AGE 

YRS 

AZ BERMAN 40 67.5. 32.5 4-6 5.18 

CASCADE 24 45.8 52.2 5-6 5.17 

CORNFLOWER 36 52.8 47.2 - - 

HAZELDENE 24 54.2 45.8 5-6 5.46 

HUGENOT 24 37 63 5-7 5.56 

MITCHELL’S 
PLAIN 

42 52.4 47.6 5-7 5.88 

NORTHWOOD 33 48.5 51.5 5-6 5.44 

SEAVIEW 29 58.6 41.4 5-6 5.66 
 

 

The age of children ranged between 4 and 7 years.  Table 11 shows the 

distribution of children in the different schools.  Most of the schools in the 

Western Cape only admit children after the age of six years.  The main reason 

is that schools cannot accommodate the large number of children from the 

areas they serve.  The intake age for children has also changed.  In the past the 

children had to turn seven in Grade one.  Only AZ Berman School accepted 

children at the age of four years.  The average age for the Mitchell’s Plain 

dataset was lower than that of the Northern Cape schools because the sample 

only included the preschool children.  The dates of births for Cornflower 

primary school were not included because the class teacher was not available 

to provide the information.  There was almost an equal distribution between 

the males (53%) and females (47%).   
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Table 14:   Age Distribution in Schools in Mitchell’s Plain Sample 
 

 School Total 

 Age 
AZ 

Berman Cascade Hazeldene Hugenot 
Mitchell’s 

Plain Northwood Seaview   
 4 10 0 0 0 0 0 0 10 
  5 12 7 13 13 4 18 10 77 
  6 17 17 11 13 19 14 19 110 
  7 0 0 0 1 1 0 0 2 
Total 39 24 24 27 24 32 29 199 

 

 

4.4.2  Fluoride Levels in the Mitchell’s Plain Area 

There are no differences in fluoride levels in the Western Cape because the 

potable water supply comes from a central source.  The children in the eight 

schools in Mitchell’s Plain all received the same amount of fluoride in their 

drinking water (Table 15).  The level of fluoride in Mitchell’s Plain (0.05 

p.p.m) is lower than the towns included in the secondary dataset which had a 

level of 0.15 p.p.m and greater. 

 

Table 15: Fluoride levels in Mitchell’s Plain 

 
 

Western Cape 
District/suburb Schools Fl Level 
Mitchell’s Plain Northwood 

AZ Berman 
Cascade 
Seaview 
Huguenot 
Mitchell’s Plain 
Hazeldene 

0.05 

  
 

4.4.3 Oral Health Status 

The results for the Mitchell Plain district show that dental caries is prevalent 

amongst all the preschool children with Seaview having the highest decayed 

component (5.52) and Hazeldene the lowest decayed component (2.58) (Chart 

4).  There are a number of children that presented with missing teeth.  The 

average missing component ranged between 1.06 and 2.97.  The missing 

component could be due to teeth lost as a result of dental caries or due to 

exfoliation as some children were at the age where exfoliation of the primary 
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teeth starts.  Table 16 shows the dmft score for the different age groups.  The 

high missing component in the 7 year age group indicate that the missing 

component could be attributed to exfoliation since exfoliation starts on 

average at the age of 6 years of age.  However, when the missing components 

for individual teeth are presented it shows that a number of molars are also 

missing (Chart 5 & 6).  At the age of 6 years of age one would not expect 

molar teeth, represented by the 4 and 5 components, to be missing due to 

exfoliation.  

 

Chart 4: Decayed, Missing & Filled (dmft) Components for 

Individual Schools 
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Table 16: Decayed, Missing, Filled (dmft) components for age groups 

in Mitchell’s Plain 

 

Age   dt mt ft dmft 
4 Mean 3.20 1.00 .00 4.20 
  N 10 10 10 10 
  Std. Deviation 2.741 2.000 .000 3.225 
5 Mean 3.81 1.96 .05 5.74 
  N 77 77 77 77 
  Std. Deviation 3.671 3.084 .456 4.887 
6 Mean 4.60 2.12 .09 6.81 
  N 110 110 110 110 
  Std. Deviation 3.411 2.904 .551 4.763 
7 Mean 2.00 7.50 .00 9.50 
  N 2 2 2 2 
  Std. Deviation 2.828 10.607 .000 7.778 
Total Mean 4.20 2.06 .07 6.29 
  N 199 199 199 199 
  Std. Deviation 3.494 3.067 .498 4.799 

  

 

Chart 5: Missing component for the maxillary teeth for the 

Mitchell’s Plain sample 
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Chart 6: Missing component for the mandibular teeth for the 

Mitchell’s Plain sample 
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The pattern of decay for this group follow the general pattern of Early 

Childhood Caries (ECC) with the four upper insicor teeth and molars affected 

(Chart 7).  The lower anterior teeth had a lower incidence of decay recorded.  

This is because of the protective mechanism of the tongue that covers the 

lower teeth and the saliva that bathes the lower teeth. 
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Chart 7: Pattern of Dental Caries in the Primary Teeth  

 

 

4.4.4 Highest Level of Education based on the Census 2001 data 
and dmft 

 
Chart 8 is based on the highest educational level from the 2001 census data for 

Mitchell Plain.  Education level is one of the indicators used when socio-

economic data is not available.  Often lower educational levels are associated 

with lower income levels.  Chart 8 shows a pattern in terms of education levels 

for the different suburbs in Mitchell Plain and the average dmft scores.  There 

is an increase in dmft as the individuals with matric based on the population 

census for Mitchell’s Plain decrease in the different suburbs.  The percentage 

of individuals with no schooling in Lentegeur and Tafelsig is higher than the 

other areas.  When the dmft is plotted against this figure it shows a higher 

dmft scores to the adjacent suburbs.  These results cannot be used to draw 
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conclusions in that level of education influence the children’s oral health 

status since it was based on the census data and not the children’s parents’ 

educational level.  Chosack et al. (1990) have shown that educational levels of 

parents have a significant influence on the caries prevalence of 3-5 year old 

children.  Pine et al. (2004) have used various indicators such as geographic 

location, employment status, income or parental education to define socio-

economic deprivation.  Children were classified as disadvantaged if the 

mother had no formal education after their school leaving age.  Beighton et al. 

(2004), in an international study, compared dental plaque of young children 

from diverse ethnic and socio-economic backgrounds to dental caries to those 

with and without dental caries.  Maternal education was the most common 

classification used for determining deprivation.  The results of the above study 

showed that children from deprived backgrounds had higher levels of caries-

associated micro organisms.   

 

This study did not include information on the parents’ background.  The 

children were asked whether their mothers worked, sixty-nine percent of 

children stated that their mothers worked but could not always say what type 

of work they performed. 

 
Chart 8: Highest Level of Household Education and dmft 
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When the results were compared to the decayed, missing and filled 

components of National Children’s Oral Health Survey for the Western Cape, 

the scores for the Mitchell’s Plain district were above the provincial means.  

The data was then split into 4-5 year old and 6 year old group and compared to 

the NCHOS.  The mean dt for both groups were above the NCHOS (Table 17 

and 18) with an increase in prevalence of decay as age increased in the 

Mitchell’s Plain group. This illustrates that the incidence of dental caries 

increases with age and preventative programmes should therefore be targeted 

at a younger age.  The filling component for the primary teeth is negligible or 

absent in both the NCHOS (Table 17) and Mitchell’s Plain datasets.   These 

figures have cost implications for the health services in terms of personnel and 

allocation of dental services in the area.   Currently there are three community 

clinics facilities and the University of the Western Cape Oral Health Centre 

that provide services to children and adults.  These facilities are located in 

Westridge, Lentegeur, Eastridge and Town Centre.   

 

          Table 17:  Decayed, Missing and Filled components for the 4- to 5- 
year old group 

 
 

NCOHS Mitchell’s Plain 
 Components Mean Mean    ± sd. 
dt 3.66 3.74 ± 3.568 
mt 1.04 1.85 ± 2.987 
ft 0.1 .05 ± .429 
dmft 4.81 5.56 ± 4.737 
   

 
  
          
 Table 18:        Decayed, Missing and Filled components for the 6- year old 

group 
 
 
 
 

4.8.4  

4.8.5  

4.8.6  

4.8.7  

 

NCOHS Mitchell’s Plain 
Components Mean Mean ±  sd.  
dt 3.81 4.60 ± 3.411 
mt 1.57 2.12 ± 2.904 
ft 0.12 .09 ± 551 
dmft 5.51 6.81 ± 4.763 
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4.4.5  Caries Free Component 

Chart 9 shows the low percentage of children in the individual schools that 

were caries free.  The majority of children in this sample had been exposed to 

dental caries.  The low mean number of teeth that were filled shows that not 

many children have been exposed to oral health services in the Mitchell’s 

Plain area.  Their only experience with the oral health team was for 

extractions.  Oral health promotion should include programmes for children as 

well as their parents. These programmes should include ways of preventing 

dental caries so as to prevent decay in the permanent dentition. Li and Wang 

(2002) have shown that caries in the primary teeth can be used as a predictor 

for caries in the permanent teeth.  The authors examined three-hundred-and-

fifty 3 to 5 year olds in 1992 and re-examined them in 2000.  The results show 

that children with caries in the primary teeth were three times more likely to 

have caries in the permanent teeth (relative ratio = 2.6, 95% CI =1.4 - 4.7; 

p<0.001).  The most practical test to determine whether caries could be used 

as a risk indicator is to use tests for sensitivity, specificity and predictive 

values (Li and Wang, 2002).  Dental caries in the primary molars was the best 

indicator of sensitivity (94%).  Caries of the maxillary anterior teeth showed 

the best indicator for specificity (98%).  With regards to the predictive value 

of 85.4%, the study by Li and Wang (2002) predicted that 9 out of 10 children 

who had caries in the primary molars were more likely to develop caries in the 

permanent teeth. Caries on the primary molars had the highest predictive value 

(85.4%).   

 

Oral health awareness programmes should therefore begin at an early age in 

order to prevent dental caries at a later stage.  These programmes should 

include education of the children and parents on the prevention of dental 

caries, the application of fissure sealants, the value of topical fluoride as well 

as the dental services available in the area.  Children under the age of six years 

have free access to dental service and, therefore, parents should take their 

children for regular check ups and caries preventative procedures.   
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Chart 9: Caries Free Component for Individual Schools in Mitchell’s 

Plain 
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Table 19 illustrates the caries free components by age.  These percentages are 

below the national goal of 50% for the six year group set for 2002 for South 

Africa (in NCHOS Report, Department of Health 2003).  According to the 

NCHOS the mean caries free component for the Western Cape is 17, 7%, the 

lowest of all the provinces.  The percentages for Mitchell’s Plain were closely 

related to the Western Cape figures. 
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Table 19:  Caries Free Component by Age Group for Mitchell’s Plain 
 
 

 
Age Group Caries Free 

Age 4 Count 2 
    % within Age 20.0% 
  5 Count 11 
    % within Age 14..3% 
  6 Count 8 
    % within Age 7. 3% 
  7 Count 0 
    % within Age .0% 
Total Count 21 
  % within Age 10.6% 

 
 

 

4.4.6  Oral Health Behaviour and Practices 

The majority (98.2%) of children brush their teeth at least once a day in the 

morning.  Brushing is done mainly by the child (63%) alone.   The majority of 

children indicated that they use toothpaste (85.7%) and a small percentage 

(35.9%) knew or had some idea as to why they should brush their teeth.  When 

collecting personal information a certain amount of bias may exist because 

individuals tend to over-report favourable answers to satisfy the examiner.  

Individuals often respond to questions regarding brushing frequency in a 

positive way since it is an expected practice and socially accepted behaviour.  

Sampaio, Nazmul Hossain, Von der Fehr and Arneberg (2000) reported that 

doing the interviews in private reduces this bias.   

 

A review by Harris, et al. (2002, p.9) stated that “brushing once a day or more 

as opposed to less and the presence of visible plaque is important as opposed 

to comparing frequency of brushing, the age at which brushing was started, 

parental supervision of toothbrushing, not brushing at bedtime and brushing 

with a fluoride or non-fluoridated paste”.  Choo, Delac and Brearley Messer 

(2001) however, stated that toothbrushing has little effect on dental caries; it is 

more the frequent use of fluoridated toothpaste that has the anticaries effect. 
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The secondary data did not assess the amount of plaque for the learners.  The 

examination of the children in the Mitchell’s Plain sample, recorded plaque 

levels for each sextant by means of a plaque or debris index.  Despite the 

children’s frequent brushing behaviour as indicated by the children there was 

plaque present.  Plaque was recorded mainly in the posterior teeth (Chart 10) 

with approximately 70% of children scoring plaque scores of one.  The reason 

for the higher levels of plaque could be due to the children concentrating on 

the anterior teeth, difficulty in accessing the posterior teeth as well as the 

dexterity of the children.  This may be because children do not have the 

manual dexterity and should be helped by the parents up to the age of 6 years 

of age.  When parents assist their children with brushing from the time the first 

teeth erupt by the age of six years it should be a habit and the child is likely to 

continue this practice. 

 

Chart 10: Plaque & Gingival Indices 
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4.5 COMPARISON BETWEEN THE TWO DATASETS 

 
4.5.1 Fluoride Levels and dmft Scores 
 

There was a significant difference between the different levels of fluoride and 

the dental status of the primary teeth (Table 20).  Mitchell’s Plain with the 

lowest level of fluoride had the highest dmft.  A further significance (p=0.05) 

was found for the Tukey multiple comparison test when individual levels were 

compared to each other (see appendix 5). 

  

Table 20: dmft for Individual Towns including Mitchell’s Plain  

 

Fluoride Level Mean ± sd N 

0.05 6.04 ± 4.62 255 

0.15 1.31 ± 2.10 49 

0.19 1.11 ± 1.29 37 

0.34 2.30 ± 3.06 198 

0.35 2.31 ± 2.99 13 

0.36 4.85 ± 3.29 85 

0.45 1.73 ± 1.94 64 

0.7 2.91 ± 3.56 128 

Total 3.48 ± 3.90 953 

 
 
 

4.6 GIS APPLICATION FOR ORAL HEALTH DATA 

 

The application of GIS to health has been demonstrated to be effective in 

showing the spatial variations of disease as well as its relationship to 

environmental factors (Tanser and Le Sueur, 2002).  GIS has also been used in 

epidemiological studies as it measures the frequency, distribution and 

determinants of disease 

(Balaji,www.gisdevelopment.net/application/health/overview/health0003pf.htm 

8/9/02).  The application of GIS to the current datasets was limited in that the 

data were not geo-referenced as well as no reference themes were available for 

the primary data which resulted in only using the mapping function of GIS.  

http://www.gisdevelopment.net/application/health/overview/health0003pf.htm
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The data could only be symbolized in terms of the dental status and showing 

the different levels of fluoride. 

 

4.7 LIMITATIONS 

 

The aim was to show the benefits of using GIS in the application to oral 

health. However, due to limitations in the dataset it was not possible to 

spatially show the relationship between fluoride and dental status.   

 

Individual children did not have addresses or x,y co ordinates, which 

highlighted the importance of  assessing the data as well as working with an 

interdisciplinary team prior to setting up the data.  Data could only be 

aggregated to towns, which affected the querying function of the GIS. 

 

The application of GIS to this dataset was therefore used as a mapping tool 

and not as a spatial analytical tool.  Another shortcoming is that the data had to 

be averaged and because of the small dmft/DMFT scores the graduated 

symbol map was not visually pleasing.  The average decayed scores ranged 

from 0.888 to 4.1 for the individual towns.  The map below illustrates the 

graduated symbol map of the decay component of the primary teeth.  The 

scores for all the schools were combined and aggregated to towns, 

summarized and then symbolized.  The range of the symbol sizes was 

carefully selected so that symbols did not overlap.  The largest symbol should 

be large enough as to not cover the adjacent symbol but it should still show the 

range from lowest to highest dt scores. The factor that influenced this was the 

fact that most of the towns were clustered in the north and north-eastern part 

of the Northern Cape.  Two-thirds (66%) of the Northern Cape’s population 

live in this region as a result of the mining activities at Kimberley, Barkly 

West, Postmasburg and Alexander Bay.  Kimberly alone has 23% of the 

Northern Cape’s population (HSRC, 1998). 
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Figure 10: Average Dental Caries Scores 
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Figure 11: Average decayed, missing and filled component 
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The other symbolization applications as stated in the methodology were not 

possible because none of the children had addresses.  By assigning addresses 

to the data, the attributes of the dental information can be appended to the 

attributes of the magisterial districts.  This will allow the data to be queried 

and symbolized based on the district they fall in.  A graduated color map can 

then be made showing the total number of children with caries in each district.  

The classification method and charting the map will also then be possible.   

 

Despite the fact that additional data was collected to overcome the barrier 

encountered with the secondary data there were still problems in that the 

geocoding function of GIS could not be used.  The geocoding of primary data 

was not possible because the dataset did not include the reference theme.  A 

reference theme refers to “the theme that ArcView can use to locate the 

addresses in the data” (ESRI, 1996, p.74).  These reference themes could 

include street addresses, land parcels, or zip codes, which uses centre points or 

boundaries of the postal codes. 

 

4.8. FLOWCHART FOR GIS 

 

An essential component when using GIS is to plan before using the 

technology.  A range of different techniques and elements can be used to solve 

a geographic problem (DeMers. 1997). A flowchart will help identify the 

spatial and attribute data requirements in terms of what coverage/layers that 

will be needed as well as identify missing information.  Flowcharts are an 

important step in developing a cartographic model. 

  

In order to be successful a question should be posed or the user should know 

what the end product should be.  Each of the outputs listed below can be used 

to build a model flowchart.  The coverage for each application will have to be 

determined.  The following example explains what information you may need 

to determine the best site to locate a public health facility.  There should be 

coverages on the infrastructure such as road networks, public transport nodes, 

health services (private and public) already present in the area, and you may 

need the socio-economic indicators which may help with locating services 
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where people from lower income bracket can access the services and 

oral/health data to determine the health needs.   

 
  
 Figure 12:   A Simplified Flowchart for GIS  
 

 

4.9. SUMMARY 

 

The results from this study show that fluoride alone cannot be considered to 

affect dental caries in the primary dentition.  Towns with higher levels of 

fluoride levels close to the optimal level still experienced a high prevalence in 

dental caries in the primary dentition.  The overall mean DMFT for the 

permanent teeth were low and ranged from 0.23 to 1.11 with Kimberley 

having the highest score.  In order to determine the benefits of fluoride on the 

caries prevalence require longitudinal studies.  Dental status will have to be 

assessed before implementation of fluoride and individuals monitored over a 

period of time to see if a reduction in dental caries is experienced.  

Furthermore preventative programs should be based on risk assessment to 

determine what preventative strategy would be followed.  
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CHAPTER FIVE 

 

SYNTHESIS AND RECOMMENDATIONS 

 

5.1 INTRODUCTION 

 

The aim of this study was to assess the benefit of using GIS in the application 

to oral health indicators to determine the effects of different levels of fluoride 

on the dental status of individuals.  This chapter will highlight the main results 

in terms of the objectives and explain the results.  Included in this section are 

explanations of how the health system can respond to the problem of high 

prevalence of dental caries and propose different strategies to improve the 

dental status of communities. 

  

5.2 GIS FOR ORAL HEALTH 

  

GIS is a useful tool in the application of oral health studies.  It has the ability 

to integrate data from various sources. GIS provides spatial relationship of 

population, socio-economic factors and disease profile.  Data collected is used 

in GIS to predict outcomes of oral disease, prevention and planning of dental 

services.  It can further be used to “map health indicators and disease 

incidence, analyze spatial patterns of disease, and investigate health delivery 

systems” (Ali et al., 2002). 

 

The literature review yielded limited number of oral health applications 

however, the application to health was varied.  GIS has been used mainly in 

time-limited etiological research and not much in health planning, promotion 

and protection (Buckeridge et al., 2002).  Dental caries is a preventable 

disease.  Identifying communities at risk could target health promotion 

programmes for these areas or schools.  Alternatively measures such as water 

fluoridation, or fissure sealants programmes could be implemented.  Access to 

socio-economic data allows one to identify areas of lower socio-economic 

conditions since it has been identified as a risk factor for dental caries. 

Reasons for not using GIS at a community level are cited in Buckeridge et al. 
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(2002) as not being able to acquire and integrate georefenced data.  When 

these difficulties are dealt with then GIS could make use of “existing data to 

support decision-making and problem-solving in community health planning, 

service delivery and health promotion” (Buckeridge et al., 2002, p.1191).  

  

 An important factor when deciding on using GIS is the selection of 

appropriate data for the application.  The development of a flowchart or data 

model will further assist in implementing a successful GIS.  The first step in 

developing a data model for dental caries (Figure 6) would be to discuss and 

modify the “determinants of health as this model takes into account the non-

medical determinant such as income, occupation and environment” 

(Buckeridge et al. 2002).  These non-medical determinants have an effect on 

the health of populations and health outcomes.  Following this would be to 

identify, evaluate and acquire the relevant datasets.  These datasets for the 

Northern Cape and Mitchell’s Plain were available from external sources but 

the digital format of the spatial data was not appropriate for the application.  

Data was aggregated to school or town level and not for the individual 

children.  This further restricted the querying function of GIS.  Despite 

obtaining the street addresses from the children in Mitchell’s Plain, the spatial 

data did not include the reference themes and thus the georeferencing function 

could not be used.  The GIS was limited to one type of map, namely the 

graduated symbol map.   

 

Kamel Boulos (2004) discusses the issue of confidentiality when real-time 

data is used as well as a number of problems and solutions when using 

aggregated data.  For example when health data is not available as 

disaggregated data to identify healthcare utilization and clinical activity it may 

affect studies done in health service delivery.  To overcome this problem 

Buckeridge et al. (2002) highlights the importance of interdisciplinary 

collaboration when developing the information system.  At these meetings the 

necessary modifications are made to adapt the system.  Some of the 

difficulties also identified by Buckeridge et al. (2002) were the lack of 

catalogues for locating existing data, poor metadata and the question of 

ownership.  Despite the move of government agencies towards making data 
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freely available it should be highlighted that data should be in a format that 

could be exchanged between users.  A solution to this problem would be to set 

up a health forum where all the stakeholders could develop a protocol for data 

sharing as well as identify common data that would be needed for GIS 

application.  This will further ensure that the data is in a format that could be 

used for the GIS application.   

 

The issue of confidentiality and privacy are of concern when using 

disaggregated data and can be overcome by developing legislation, policies 

and regulations on data sharing.  Since health services in South Africa are in 

the process of developing a common database which allows healthcare 

workers to access health information of patients, guidelines and security rules 

for data sharing and confidentiality should be made available for health data in 

the same way as for spatial data.   

 

Central to GIS is data and therefore the first step would be to determine what 

you would want to do with the GIS and then to source the data. The limitation 

of this study was that secondary data was used which hampered the 

application of GIS to oral health.  When data is not available from agencies 

the alternative would be to create your own spatial data.  The other factor is 

the cost especially when sourcing data from private companies.  It is thus 

important to spend more time in the planning phase and to develop a flowchart 

which will facilitate the implementation of the GIS project. 

 

5.3 EFFECTS OF DIFFERENT LEVELS OF FLUORIDE ON DENTAL 

CARIES 

 

Numerous studies have been conducted on the effects of fluoride on dental 

caries.  These effects have been identified by Dean et al. (cited in Murray, 

1999) as early as 1942.  The study investigated the caries experience of 7257 

12 – 14-year-old children.  The results showed a decrease in caries experience 

with an increase in fluoride level.  Many studies were done on the effects of 

fluoride subsequent to Dean’s study and showed varied results (cited in 

Murray 1999).  Most of these studies, however, were conducted in 
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industrialized countries and cannot be generalized to developing countries.  

The results of this study showed an increase in mean dmft scores with an 

increase in fluoride levels.  In order to draw conclusions based on the effects 

of fluoride it is important to look at the study design and compare the results 

to a control group.  These variations in scores could also be explained in terms 

of the different scoring criteria used for dental caries, the ages included in the 

study, whether the sample include rural or urban as well as the socio-economic 

background of individuals.  Similar results were found in a study by Grobler et 

al.  (2001).  The authors reported an increase in dmft scores with an increase 

in the fluoride levels.  One of the reasons for this increase is thought to be the 

age of the children as the higher caries experience was found in the sample 

that included older children.  All these risk factors should, therefore, be 

controlled.  The York review systematically reviewed the effects of fluoride 

on the prevalence of dental caries, the negative effects of public water 

fluoridation as well as the reduction of dental caries across social groups 

(Treasure et al., 2002).  The results of the review showed that there was a 

reduction in dental caries with water that was fluoridated.  However, the 

quality and quantity of the studies on the effectiveness of fluoride was lower 

than what they expected with the result that a number of the studies had to be 

excluded from the review.   

 

A paper presented by Glass (1986) discussed the reduction in dental caries in a 

number of continents for example in England, United States, Australia and the 

Netherlands.  In all these surveys a reduction in dental caries were found 

irrespective of whether the water was fluoridated or not.  The reduction in 

dental caries was as a result of the increasing use of fluoridated toothpaste and 

was mainly found in certain parts of the western world.  Since there have been 

strong objections against water fluoridation an alternative would be to 

subsidize toothpaste which will give everybody access to fluoride.  

 

The benefits of fluoride can only be established if uniformity in terms of study 

designs is considered.  As with this study it is not possible to draw definite 

conclusions, as this was a cross-sectional study.  The guidelines for studies to 

be included in the review should answer the following: two populations should 
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be compared; the study should be prospective; the change in the fluoride status 

should be within the last three years and at least some form of outcome should 

be measured e.g. dmft, dmfs, etc (Treasure et al., 2002). 

 

5.4 MULTI-FACTORIAL DISEASE NATURE OF DENTAL CARIES VS 

FLUORIDES AS SOLE RISK FACTOR FOR DENTAL CARIE 

 

The results of this study show that caries was prevalent irrespective of the 

level of fluoride in the water.  The towns in the Northern Cape had a lower 

dmft score and higher caries free component than schools from the Mitchell’s 

Plain suburb. Fluoride alone cannot prevent dental caries because of other risk 

factors and determinants involved in dental caries.  

 

Dental caries is a multi-factorial disease with plaque bacteria being the 

primary aetiological/risk factor.  Streptococci mutans is the main caries 

forming bacteria and, therefore, can be used as a risk indicator for dental 

caries.  By taking a plaque sample investigators will be able to assess the 

microorganisms present and thus identify children, at an early age, who are at 

risk of developing dental caries.  Children are not born with these bacteria but 

could acquire it from their parents.  It is thus important to make parents aware 

of not putting utensils or pacifiers in their mouths and then giving it to the 

child because this is one way of transmitting the bacteria to the infant. 

 

Linked to this causative factor is the important role that diet plays in the dental 

caries process.  Questions related to oral health practices were assessed but not 

on sugar intake.  No questions related to diet were asked in the Northern Cape 

sample however their nutritional status was assessed by means of 

anthropometric measurements. Dietary factors found to be significant in dental 

caries were the consumption of sugar especially the amount, frequency or 

timing of consumption (Harris et al. 2002). Despite this link the authors state 

that using diet as a predictor has certain problems and may be unreliable 

because participants had to rely on their recall capabilities.  Studies have 

shown that diet changes as urbanization takes place, which can have an effect 

on dental caries (cited in Sampaio et al. 2000, p.311).  Kimberley is a city in 
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the Northern Cape, while De Aar is considered as the hub of the South African 

railway network (www.gcis.gov.za/documents/publications/yearbook/rainbow.html).  As 

towns become more urbanized they tend to have a higher intake of refined 

sugar and carbohydrates that contribute to the caries process.  The filling 

component was almost non-existent in this dataset.  A high percentage of 

individuals presented with untreated decay.  Lack of dental care could be as a 

result of access to dental care, socio economic factors or fear of treatment.  

People from lower socio economic backgrounds often do not access dental 

services. 

 

A number of other risk factors have been identified in dental caries.  These 

factors include access to dental services; dental fluorosis; socio-economic 

conditions and the level of development/urbanization in the towns.  Various 

studies have identified the link between socio-economic factors and oral health 

and have used different indicators such as education, income deprivation etc to 

identify communities from these backgrounds.  The effects of socio-economic 

conditions have been reported by Du Plessis (1997), Khan and Cleaton-Jones 

(1998) and Chosack, Cleaton-Jones, Matejka and Fatti (1990) and show an 

inverse relationship between socio-economic and dmft/DMFT scores.  These 

studies used different parameters to measure socio-economic status such as 

parents’ education (Chosack et al. 1990), parents’ occupation (Mehroon et al. 

1998) and residential property values (Du Plessis, 1997).  These parameters 

are often used in view of the problems experienced when using conventional 

methods such as income and social status.  Locker (2000) refers to these 

alternative measures as area-based measures of deprivation.   Respondents 

often neglect to fill in questions related to salary, which affects the analysis 

especially if it is the only socio-economic indicator used.   Alternatively, one 

can use the fee structure of preschools or schools as a socio-economic 

indicator. 

 

Smith, Badner, Morse and Freeman (2002) have identified maternal risk 

indicators for childhood caries.  The authors evaluated high mutans 

streptococci, caries experience, sugar consumption and demographic variables 

in mothers as risk indicators for caries in their children.   The results suggest 

http://www.gcis.gov.za/documents/publications/yearbook/rainbow.html
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that there was a strong association between the risk factors and dental caries.  

Mothers play an important role in developing oral health habits in children 

(Choo et al., 2001).  By identifying these mothers at prenatal examination oral 

health promotion programmes can emphasize the importance of oral health not 

only for the mother but also for the children, which will establish sound 

practices in early childhood and later in adolescence. 

 

The above factors that were discussed highlight the complexity of the caries 

process as not one factor can be identified that contributes to the disease 

process.  The process of dental caries is no longer seen as a chain of causation 

but rather as a web of causation because of the complexity of the disease.  

Therefore, a comprehensive assessment taking into account all the variables 

that play a role in dental caries, as well as the children’s knowledge and 

practices is necessary, before you can determine the beneficial effect of 

fluoride.  The majority of reports on the effects of fluoride were from 

Westernized countries, it is essential that South African studies be conducted 

to identify the risk factors involved in dental caries since the caries prevalence 

of children are still high.  From these results recommendations can be made 

regarding strategies to prevent dental caries as well as resources allocated to 

treat the large percentage of untreated dental caries.   

 

5.5. HEALTH SYSTEM RESPONSE 

 

Social, economic, political and cultural determinants have been involved in the 

cause of ill-health (Petersen, 2003).  The health system can play an important 

role because poverty has been linked to poor health including oral health.  

Implementing community water fluoridation in South Africa may not solve the 

problem of high caries prevalence in the near future unless the inequalities 

experienced by communities are addressed.  Proponents of water fluoridation 

may not agree with the above statement. One of the most feasible and 

equitable means of reducing dental caries is by implementing water 

fluoridation according to M. Moola (personal communication, May 5, 2006).  
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From the discussion it is evident that dental caries occurs when various factors 

interact to form dental caries.  These factors will determine whether the 

individual will remain caries free or has a high risk of developing dental 

caries.  It is, therefore, important to do a caries risk assessment that will 

further facilitate the appropriate management of dental caries for an 

individual.  The American Academy of Pediatric Dentistry has developed a 

tool to determine the individual’s dental caries risk at a point in time that 

allows the clinician to appropriately manage the individual based on their 

caries risk (Council on Clinical Affairs, Adopted 2002).  Hicks et al. (2004) 

however states that irrespective of an individual’s caries risk the main 

etiological factor still remains dental plaque and therefore the patient should 

have knowledge and perform adequate oral hygiene to prevent dental caries. 

 

The health department of South Africa has implemented community service 

for health workers to cater for the vast majority of the health needs of 

underserved communities.  In terms of oral health the main treatment provided 

at public health centres are mainly emergency treatment such as extraction.  

This does not change the behaviour of individuals in terms of prevention of 

oral disease.  Reorientation of the health services are therefore important and 

should be more preventative orientated.  Health services should provide dental 

examination that will identify individuals at risk of oral disease.  Dental clinics 

should have fissure sealants programmes for children at risk of dental caries.  

With free access of children below six years of age and pregnant mothers to 

public services allow oral health workers to identify children who may need 

dental treatment timeously.  This, however, will depend on whether parents 

will bring them for regular check ups.  Most parents still bring their children 

only for emergency dental treatment and often it is too late to save the teeth.  

By providing or increasing health services may not solve the problem, it is, 

therefore, important to look at other health strategies and health promotion to 

effectively prevent oral diseases and not only treat the burden of dental 

disease.     
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5.6. ORAL HEALTH STRATEGIES 

 

The following strategies have been identified for improving oral health, 

namely health promotion, healthy public policy, common risk factor approach, 

whole population and high risk strategies and an intersectoral approach. 

Various preventive programmes such as oral health education incorporated as 

part of general health, fluoride rinses and fissure sealant programmes can be 

implemented at school level.  The health promoting schools is an initiative 

designed to improve health of children, school personnel, families and other 

members of the community (Petersen, 2003).  Four broad strategies are 

included in the health promoting schools and listed as follows: building 

capacity to advocate for improved school health programmes; creating 

networks and alliances; strengthening national capacity and carrying out 

research to improve school health programmes.  These programmes are labour 

intensive and require the person power to implement and monitor these 

programmes.   The difficulties that are often faced in schools are control of 

sugar intake.  There are no guidelines for schools in terms of what tuck shops 

should be allowed to stock.  In the Mitchell’s Plain suburbs this is even more 

difficult as members of the community use the opportunity for income 

generating.  Teachers at some schools also complain about the snacks that 

parents provide for the children on a daily basis.  Learners should be targeted 

in terms of healthy eating habits because lifelong oral health related behaviour 

as well as knowledge and practices are formed during these life stages.  School 

policies could be developed where children are allowed to bring snacks on a 

certain day and incentives given to children that adhere to the programme of 

healthy eating.  Also guidelines as to what tuck shops should stock.  Diet is 

considered a common risk factor for other diseases and therefore the benefit 

for the children will be reaped later in life.  The benefit of using the common 

risk factor approach is that it deals with health issues of the whole population 

as well high risk groups (Petersen, 2003, p.8). 

 

The whole population and high risk strategy identifies individuals at risk of 

developing disease.  This is done by screening individuals and then predicts 

their risk of developing dental caries.  The nature of dental caries makes it 
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difficult to identify specific risk factors in an individual (cited in Murray, 

1999).  The caries assessment tool has been developed to place individuals in 

categories based on any of the factors listed.  The advantage of making people 

aware of their risk of developing dental caries may motivate them to maintain 

good oral health.  A disadvantage of this strategy is that individuals from 

lower socio-economic backgrounds may not afford the necessary 

interventions.  The drawback of the high risk approach is that it focuses on the 

disease.  The whole population approach concentrates on all the factors that 

contribute to the disease even those that the individual may not control.  As 

the results of this study show fluoride alone cannot be seen as a preventive 

mechanism but other social factors should also be considered.  Therefore, 

epidemiological studies are needed to identify the determinants of the disease.  

By integrating oral health data, enumerator areas and socio economic data into 

a GIS will identify wards that are at risk of developing dental caries and 

therefore predict the areas that may require interventions or health services. 

 

By adopting the whole population strategy the broader community benefit 

when certain behaviour changes are adopted.  Here the advertising agencies 

can play an important role in promoting sugar free snacks or by not 

advertising fast food and beverages that are high in sugar content during 

children’s programmes.  Government food policies can also play an important 

role in terms of restricting the display of sweets and sugar containing snacks at 

the outlets of supermarkets and stricter food labeling laws which stipulate the 

amount and type of sugar included in the product.  The advantage of using the 

whole population strategy is that it can be adapted to a specific community.  

An example of this strategy is where schools that are at risk of dental caries 

are identified and fluoride programmes implemented at these schools.  The 

disadvantage of using the whole population approach is interventions are 

based on national figures for dental caries.  There may be pockets of areas 

with higher dmft scores due to other risk factors that predispose the 

community to poorer oral health.  This is evident from the results of the study 

in Mitchell’s Plain which had a higher dmft than that of the national figures 

for the Western Cape.  
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When dealing with a disease such as dental caries it is evident that an 

intersectoral approach is needed.  This approach recognizes that economic, 

environmental and social changes should form the basis for individual 

behaviour change (cited in Murray, 1999, p.241).  In terms of dental caries it 

may involve the oral/health workers, the nutritionist, the engineers, 

policymakers etc.   

 

Health promotion is a vehicle through which health could be improved at a 

community level.  Through health promotion broader issues such as 

legislation, financial measures and organizational change are dealt with and 

not only providing health care.  “It puts health on the agenda of policymakers, 

making them aware of the consequences of their decisions and let them accept 

responsibility for their health” (Petersen 2003, p.12).  By creating a supportive 

environment and involving community action allow communities to accept 

responsibility for their own health and therefore making behaviour change 

easier.  They should be able to prioritize what the need is in the community, 

plan strategies and implement them. 

 

5.7 CONCLUSION 

 

It can be concluded that the application of GIS to oral health definitely has 

potential benefits if the format of the spatial data is of an acceptable level of 

accuracy and completeness and therefore “requires rethinking and 

reorganizing in the way data are collected, used, and displayed” (Clarke et al. 

1996).  It is imperative to have a flowchart to assist in determining the data 

requirements as well as assess the data prior to starting a GIS project.   

Because of the limitations of the data used in this study GIS was only used as 

a mapping tool to illustrate the dmft scores for towns of the Northern Cape. 

 

Lastly fluoride has been shown to be beneficial in Westernized countries, 

however, for South Africa there still remains poorly developed areas which are 

characteristic of a developing country.  The results of this study show that 

areas with optimal levels of fluoride in the drinking water were still presented 
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with a higher prevalence of dental caries.  Water fluoridation should therefore 

not be implemented without considering the other indicators of dental caries. 

 

5.8 RECOMMENDATIONS 

 

1. In order for GIS to be widely used as an analytical tool a health 

information system should be established.  Kamel Boulos (2004) refers to 

a national spatial health information infrastructure that should be looked at 

for local, regional and national level.  It should start at a local level and 

then branch out to other levels.  This will require certain standards and 

security, and data–sharing agreements to ensure confidentiality of social 

and health data.   

 

2. A formal link and partnerships should be set up between interdisciplinary 

groups in the health sector intending to use GIS in their research.  This will 

allow for agreeing on a common format and standard of data such as scale 

of data and metadata. 

 

3. Data that are freely available from government agencies or a clearinghouse 

should be in a format that will allow for manipulation of the data and not 

only for mapping purposes.   

 

4. The development of the health information system will give access to 

health data, however, it should be brought to the attention of the agencies 

the importance of including addresses or area codes of individuals.  This 

will allow data to be geo-referenced with the appropriate spatial data. 

 

5. Oral Health should be integrated in health education at schools and 

through the health promoting schools other indicators of oral health could 

be addressed. 

 

6. The focus should be on preventative programmes to promote better oral 

health for children and as an interim measure fluoride and fissure sealant 

programmes should be implemented at schools.  Fluoride toothpaste 
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should be subsidized so that more children could have the benefit of 

fluoride on a frequent basis.  
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APPENDICES 
 

 
1. Consent Form for Mitchell’s Plain Survey 
 
2. Questionnaire for Mitchell’s Plain 
 
3. Report of the Oral Examination 
 
4. Kruskal-Wallis Test – Fluoride levels and dmft 
 
5. One-way ANOVA - Tukey Multiple Comparison Test for Individual fluoride 

levels and dmft 
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APPENDIX  1: CONSENT FORM 
 
 
24 March 2004 
 
Dear Parents 
 
I am an Oral Hygienist at the University of the Western Cape.  I am a registered 
Masters student and currently busy with my project.  The project involves a survey of 
the dental status of the preschool children.  The screening will involve looking in the 
child’s mouth and counting the teeth that are healthy, missing and decayed.   
 
In order to do this we need your permission to look in your child’s mouth.  At the end 
of the survey I will send you a report of your child’s dental status. 
 
Thank you for your co operation 
 
Yours Sincerely 
 
 
 
 
Ms CA Rayner 
Chief Oral Hygienist 
 
  
 
Please return this section 
 
I hereby give consent that …………………………………… may partake in the 
dental  

(Name of child) 
screening. 
 
Signature (Parent)  …………………………. 
 
Date    …………………………. 
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APENDIX 2:  QUESTIONNAIRE 
 

Registration Number 
  

 
 

University of the Western Cape 
Oral Health Centre 
Oral Health Survey 

 
 
Name of Child: …………………………………………………… 
 
Address:  ……………………………………… 
   ……………………………………… 
   ……………………………………… 
   ………………… 
 
   dd/mm/yy 
Date of Birth:  
   
 
 
Gender:       

Male = 1 
 Female = 2 
 
Dental Status 
  
16 55 54 53  52 (12) 51 (11) 61 (21) 62 (22) 63 64 65 26 

 
 

           

 
 

           

46 85 84 83 82 (42) 81 (41) 71 (31) 72 (32) 73 74 75 37 

 
KEY   Primary   Permanent 

Sound   A    0 
Decayed   B    1 
Filled   C    2 
Filled with Decay  D    3 
Missing (extracted) E    4 
Unerupted  F    5 
 
 
Summary of Dental Status 

dmft  
mt  
ft  
dt  
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Oral hygiene status 
 
Plaque      
          55/54        53-63      64/65 
No plaque         = 0     
Less than 1/3    = 1   
More than 1/3   = 2    
         85/84        83-73      74/75 
 
                                    
 
Gingivitis 
         55/54        53-63      64/65 
Healthy       = 0 
Inflam, red  = 1         
     

     85/84        83-73      74/75 
 
 
 
Do you brush you teeth?   
 Yes = 1 
 No = 2 
 
Who brushes your teeth? 
 
 
 
 
 
 
When do you brush you teeth? 
 
 
 
 
 
What do you use to clean you teeth? 
 
 
 
 
What is the name of the toothpaste you use? ………………………………….. 
 
Why do you brush you teeth? ……………………………………………………... 
 
What is plaque? ……………………………………………………………………. 
 
Who told you about plaque? ………………………………………………………. 
 
Do you mother work?     ………………………………………………………… 

   
     

   
   

 

Only the child  
Mother/father/guardian  
Both (Parent &child)  
No-one  

Morning  
Evening  
Morn & evening  
No response  

Toothbrush only  
Toothbrush and toothpaste  
Other (Specify)  
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APPENDIX 3:  EXAMINATION REPORT 
 
Date 
 
Dear Parent/Guardian 
 

CHILD’S EXAMINATION REPORT 
 
Thank you very much for allowing me to examine …………………………………….  
       (Child’s Name) 
 
on the    ……………… at ……………………….School. 
 
 
I found the following: 
 

Teeth Healthy  ………..  Keep up the good work 
 
Teeth decayed       .……….          Needs dental care, improve brushing and 
                               diet control 

 
Gums not healthy ……….. Improve brushing 
 

 
I thank you again for your support and co-operation. 
 
Yours Sincerely 
 
 
 
 
Ms CA Rayner 
Chief Oral Hygienist 
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Test Statisticsa,b

3.987 1.573 1.147 4.082
1 1 1 1

.046 .210 .284 .043
2.196 .000 .000 2.196

3 3 3 3
.533 1.000 1.000 .533

7.001 .762 .000 5.137
1 1 1 1

.008 .383 1.000 .023
13.989 11.982 4.107 10.758

4 4 4 4
.007 .017 .392 .029

10.041 2.502 4.845 13.330
3 3 3 3

.018 .475 .184 .004
16.151 1.280 5.628 13.155

2 2 2 2
.000 .527 .060 .001

1.317 .789 .000 .714
2 2 2 2

.518 .674 1.000 .700
68.309 28.801 1.977 65.409

4 4 4 4
.000 .000 .740 .000

Chi-Square
df
Asymp. Sig.
Chi-Square
df
Asymp. Sig.
Chi-Square
df
Asymp. Sig.
Chi-Square
df
Asymp. Sig.
Chi-Square
df
Asymp. Sig.
Chi-Square
df
Asymp. Sig.
Chi-Square
df
Asymp. Sig.
Chi-Square
df
Asymp. Sig.

Flouride level
.05

.15

.19

.34

.35

.36

.45

.70

dt mt ft dmft

Kruskal Wallis Testa. 

Grouping Variable: agegrpsb. 
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dmftscores * DMFT2scores Crosstabulation 
 
Count  

DMFT2scores 
  Cariesfree Caries Total 

cariesfree 180 32 212
dmft <= 3 178 44 222
4 -6 dmft 89 19 108
7 - 9 dmft 31 7 38

dmftscores 

> 10 dmft 17 3 20
Total 495 105 600

 
  Chi-Square Tests 
 

  Value df 
Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 1.787(a) 4 .775
Likelihood Ratio 1.796 4 .773
Linear-by-Linear 
Association .206 1 .650

N of Valid Cases 
600   

 
a  1 cells (10.0%) have expected count less than 5. The minimum expected count is 3.50. 
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APPENDIX 5: ONE-WAY ANOVA – TUKEY MULTIPLE 
COMPARISON – FLUORIDE LEVELS AND dmft 
 

Descriptives

dmft

255 6.04 4.618 .289 5.47 6.61 0 19
49 1.31 2.104 .301 .70 1.91 0 12
37 1.11 1.286 .211 .68 1.54 0 4

198 2.30 3.063 .218 1.87 2.73 0 17
137 2.31 2.985 .255 1.81 2.82 0 14
85 4.85 3.293 .357 4.14 5.56 0 17
64 1.73 1.937 .242 1.25 2.22 0 10

128 2.91 3.559 .315 2.28 3.53 0 20
953 3.48 3.899 .126 3.23 3.72 0 20

.05

.15

.19

.34

.35

.36

.45

.70
Total

N Mean Std. Deviation Std. Error Lower Bound Upper Bound

95% Confidence Interval for
Mean

Minimum Maximum

ANOVA

dmft

2966.442 7 423.777 34.807 .000
11505.277 945 12.175
14471.719 952

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.
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Multiple Comparisons

Dependent Variable: dmft
Tukey HSD 

4.733* .544 .000 3.08 6.39
4.931* .614 .000 3.07 6.80
3.736* .331 .000 2.73 4.74
3.725* .370 .000 2.60 4.85
1.192 .437 .115 -.14 2.52
4.305* .488 .000 2.82 5.79
3.133* .378 .000 1.98 4.28

-4.733* .544 .000 -6.39 -3.08
.198 .760 1.000 -2.11 2.51

-.997 .557 .627 -2.69 .69
-1.008 .581 .664 -2.77 .76
-3.541* .626 .000 -5.44 -1.64
-.428 .662 .998 -2.44 1.58

-1.600 .586 .115 -3.38 .18
-4.931* .614 .000 -6.80 -3.07
-.198 .760 1.000 -2.51 2.11

-1.195 .625 .543 -3.09 .70
-1.206 .646 .575 -3.17 .76
-3.739* .687 .000 -5.83 -1.65
-.626 .721 .989 -2.82 1.56

-1.798 .651 .106 -3.78 .18
-3.736* .331 .000 -4.74 -2.73

.997 .557 .627 -.69 2.69
1.195 .625 .543 -.70 3.09
-.011 .388 1.000 -1.19 1.17

-2.544* .452 .000 -3.92 -1.17
.569 .502 .949 -.96 2.09

-.603 .396 .794 -1.81 .60
-3.725* .370 .000 -4.85 -2.60
1.008 .581 .664 -.76 2.77
1.206 .646 .575 -.76 3.17
.011 .388 1.000 -1.17 1.19

-2.533* .482 .000 -4.00 -1.07
.579 .528 .957 -1.03 2.18

-.592 .429 .866 -1.90 .71
-1.192 .437 .115 -2.52 .14
3.541* .626 .000 1.64 5.44
3.739* .687 .000 1.65 5.83
2.544* .452 .000 1.17 3.92
2.533* .482 .000 1.07 4.00
3.113* .577 .000 1.36 4.87
1.941* .488 .002 .46 3.42

-4.305* .488 .000 -5.79 -2.82
.428 .662 .998 -1.58 2.44
.626 .721 .989 -1.56 2.82

-.569 .502 .949 -2.09 .96
-.579 .528 .957 -2.18 1.03

-3.113* .577 .000 -4.87 -1.36
-1.172 .534 .356 -2.79 .45
-3.133* .378 .000 -4.28 -1.98
1.600 .586 .115 -.18 3.38
1.798 .651 .106 -.18 3.78
.603 .396 .794 -.60 1.81
.592 .429 .866 -.71 1.90

-1.941* .488 .002 -3.42 -.46
1.172 .534 .356 -.45 2.79

(J) Flouride level 
.15 
.19 
.34 
.35 
.36 
.45 
.70 
.05 
.19 
.34 
.35 
.36 
.45 
.70 
.05 
.15 
.34 
.35 
.36 
.45 
.70 
.05 
.15 
.19 
.35 
.36 
.45 
.70 
.05 
.15 
.19 
.34 
.36 
.45 
.70 
.05 
.15 
.19 
.34 
.35 
.45 
.70 
.05 
.15 
.19 
.34 
.35 
.36 
.70 
.05 
.15 
.19 
.34 
.35 
.36 
.45 

(I) Flouride level 
.05 

.15 

.19 

.34 

.35 

.36 

.45 

.70 

Mean 
Difference 

(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval

The mean difference is significant at the .05 level.*.  
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dmft 
Tukey HSD a,b 

37 1.11
49 1.31 1.31
64 1.73 1.73

198 2.30 2.30
137 2.31 2.31
128 2.91
85 4.85

255 6.04
.354 .070 .369

Flouride level 
.19 
.15 
.45 
.34 
.35 
.70 
.36 
.05 
Sig. 

N 1 2 3
Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.
Uses Harmonic Mean Sample Size = 80.883.a. 

The group sizes are unequal. The harmonic mean of the
group sizes is used. Type I error levels are not
guaranteed. 

b. 



GIS Application/Mapping 
Dental Services 
Disease patterns/clusters 
Mean dmft/DMFT 
Fluoride levels 
SES 

Fluoride levels in water 
Central Supply, rivers, 
boreholes 

Socio-demographics 

Access to dental services 

Age 
Gender 
 
SES 
Employment status of 
parents 
Education level 

Optimal levels 
High, Medium 
Low

Brushing & Flossing 
Fluoride toothpaste 
Diet – sugar intake, frequency 
Use of preventive services

Risk factors for Dental Caries 

Oral Health Outcome: 
Dental Caries 
Periodontal Disease 

Broader Factors 

Specific Factors 

Oral health Practices 
& behaviour 

Health System response 
• Caries-risk assessment 
• Preventative – plaque control, 

diet, fluoride, fissure sealant 
• Oral health promotion –  at 

schools, clinics, communities 
• Treatment – dental services 
• Developing policy - sugar

Oral health strategy 
• Health promotion 
• Healthy public policy 
• Common risk factor approach 
• Whole population and high risk 

strategies 
• National oral/health information 

infrastructure

Data Requirements 
Base Maps of study area 
• Boundaries 
• Rivers 
• Street data 
• Schools, clinics 
• Wards, suburbs 
 
Oral health data 
Street address of individuals
Fluoride levels 
Census data 

Operations 
Joins, merges, overlay 
operations, queries & 
computations

Figure 6:  Descriptive Model Flowchart 
What are the data requirements for GIS application to oral health? 
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