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ABSTRACT
The development and progression of carious lesions were monitored clinically and
radiographically for 1 year in caries-free and high-caries children resident in nonfluoridated (NF) and fluoridated (F) areas. The dmfs/DMFS increment score and the
transition score systems were used to monitor caries activity. Ninety-nine variables
including exposure to fluoride, nutritional, dietary, salivary, oral hygiene, socioeconomic, and demographic factors were examined longitudinally.
The transition score system was found to be a more sensitive method of monitoring
caries activity than the dmfs/DMFS increment score system. Bivariate and multivariate
analyses showed that the absence of water fluoridation, past caries experience, lower
levels of fluoride intake from diet and toothpaste, frequent use of syrup medications,
lower socio-economic class, intake of cariogenic foods at bedtime, increased intake of
niacin derived from fast foods, increased intake of fat derived from bakery products, fast
foods, and snack foods, and increased intake of sucrose derived from bakery products
were associated with high-caries activity. Factors identified to be associated with lowcaries activity were parental assistance with brushing, higher levels of fluoride intake
from diet and toothpaste, increased intake of maltose derived from flavoured milk drinks,
increased intake of fat and sucrose from dairy products, increased intake of fluoride from
food and drinks in the NF areas, increased intake of Vitamin B6 from cereals, and an
increased flow rate of mixed saliva. The caries prediction models based on some of these
factors produced a sensitivity level in excess of the recommended level of 0. 7 5 but a
specificity level below the recommended level of 0.85.

Both the sensitivity and

specificity levels were higher than those found in other caries risk assessment studies.
The high sensitivity level of the prediction model indicated that the combination of
risk factors identified were suitable to predict which children would show high-caries
activity in the future. However, low specificity levels meant that all the factors that
predicted which children would remain caries-free were not identified. Longitudinal
studies aimed at identifying risk factors only in that group of children with no caries at
baseline are required if specificity of caries prediction models is to be higher.
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INTRODUCTION
Caries is a multifactorial disease involving an interaction between three primary
or essential factors, namely the tooth, microflora with an acidogenic potential, and
suitable dietary substrates. Secondary factors which may influence caries activity include
salivary composition, flow rate, pH, and buffer capacity; oral carbohydrate clearance;
oral hygiene; properties of food such as retentiveness, frequency of eating, and type and
concentration of carbohydrates ingested; fluorides and other trace elements in the diet;
and demographic and socio-economic factors (Jenkins, 1972; Nikiforuk, 1985 a).
Research has shown that dental caries is not a continuous process of
demineralisation as believed earlier, but that it is a dynamic process in which alternating
periods of demineralisation and remineralisation occur, depending upon the local
environment (Silverstone, 1977). It has been shown that the early carious lesion may
remineralise or become arrested given the right oral environment (von der Fehr eta!.,
1970; Kidd and Joyston-Bechal, 1987). Therefore, the diagnosis of the early carious
lesion is considered important.

It is recommended that early carious lesions be

periodically monitored following the introduction of preventive measures, rather than
being immediate!y restored.
Caries activity includes the development of new lesions and the progression of
existing lesions. A large number of diagnostic criteria and grading systems have been
used for the classification and monitoring of carious lesions. Although the decayed,
missing, and filled (DMF) index is commonly used as an indicator of caries experience, it
is too coarse a measure for use in recording caries increment (Wagg, 1974; Grondahl et
a!., 1977). The scoring system introduced by Backer Dirks eta!. in 1951 and later
modified by other workers (Pitts, 1985) provides for caries progression to be monitored
by comparing the scores given to the approximal surfaces on serial, standardised,
bitewing radiographs. A major advantage of the score system is that the assessment of
lesion progression or regression is based upon changes in individual lesions monitored
over time, rather than from comparisons of pooled data from the baseline and subsequent
examinations. For approximal carious lesions in contacting posterior teeth, standardised,
serial bitewing radiography remains the best method of monitoring lesion behaviour in
vivo (Pitts, 1983).
In vitro studies indicate that minor elevations of the fluoride concentration in the
fluid surrounding the enamel influence the rate of enamel de- and re-mineralisation
(Silverstone, 1977; ten Cate and Dujisters, 1982 and 1983). In vitro studies indicate
that fluoride, when present in acid solutions in concentrations around 1 ppm, effectively
reduces mineral loss from enamel (Arends and Christoffersen, 1983 and 1986; ten Cate
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and Duijsters, 1983; Margolis et al., 1986); in vivo levels are presumed to be higher but
are presently unknown (0gaard et al., 1987; Arends and Christoffersen, 1986).
The concentration of fluoride in saliva is mainly determined by oral exposure to
fluoride in drinking water, beverages, food, toothpaste, and other fluoride containing
agents (Schamschula et al., 1988 a; Oliveby et al., 1989 a). Following systemic intake,
the fluoride is rapidly absorbed from the gastrointestinal tract into the blood plasma and a
corresponding increase in salivary fluoride concentration occurs. A fraction of topically
administered fluoride such as from fluoridated toothpastes, mouthrinses, or gels may be
inadvertently swallowed as well, and recycled via the salivary glands to the mouth
(Ekstrand, 1977; Oliveby et al., 1989 a and b).
A subject of increasing interest, both in clinical dentistry and in public health
programmes, has been the identification of those factors known to influence the carious
process and thereby to identify high caries-risk individuals and groups (Sainsbury and
Ashley, 1984). Identification of such caries-risk individuals is important if they are to
receive prophylactic treatment at an early stage in an attempt to cause reversals or
regression of lesions, thereby significantly reducing the cost of treatment.
This study was designed to monitor caries development and progression in
children over a period of 12 months, to identify factors which influenced caries activity
during the study period, and to develop statistical models which could predict caries
activity. The literature review has been presented under three headings namely clinical
and radiographic methods used for diagnosing and monitoring caries activity, the effect
of fluoride on caries activity, factors other than fluoride affecting caries activity and the
use of multivariate analysis to identify risk factors and high caries-risk individuals.
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1.

DIAGNOSING AND MONITORING
THE CARIOUS LESION

1.1

THE DYNAMIC NATURE OF THE CARIOUS LESION
The first macroscopical evidence of caries is the 'white spot' lesion. Such a
lesion may have been present in the mouth for many years in an arrested state. It may
acquire exogenous stain and become a 'brown spot' lesion. In the presence of further
cariogenic attack, the white or brown spots may progress to show frank cavitation (Kidd
and Joyston-Bechal, 1987). However, research has shown that dental caries is not a
continuous process of demineralisation as believed earlier, but that it is a dynamic process
where alternating periods of demineralisation and remineralisation occur depending upon
the local environment (Silverstone, 1977).
It is well recognised that the incipient lesion in enamel, clinically visible as a
white spot, consists of a relatively intact surface layer overlying a demineralised subsurface layer (Silverstone et al., 1988). The relatively higher levels of fluoride in the
surface of enamel is thought to render the surface layer less soluble. By use of polarising
microscopy, four different regions have been described in the early enamel lesion
(Silverstone, 1973). Moving from the surface inward, these are the surface zone, the
body of the lesion, the dark zone, and the translucent zone. The surface zone and dark
zone are considered to be formed as a result of remineralisation phenomena; the source
of mineral for the surface zone being saliva and the tooth itself and for the dark zone
being the translucent zone. The body and translucent zones are considered to be
produced as a result of demineralisation (Silverstone, 1973; Silverstone et al., 1988).
A number of epidemiological surveys and in vitro and in vivo research studies
have documented the phenomenon ofremineralisation. In vitro studies have shown that
complete remineralisation does not occur if demineralisation proceeds too far
(Koulourides et al., 1965); that the remineralised carious lesion is more resistant to acid
attack than sound enamel (Koulourides eta!., 1980); that synthetic remineralising
solutions containing calcium, hydroxyl, and phosphate ions are able to reharden acidsoftened enamel more rapidly in the presence of fluoride ions than without fluoride ions
(Koulourides et al., 1965); and that saliva is an excellent remineralising solution but that
its remineralising ability is less than that of some synthetic solutions, both in rate and
final degree of hardness (Koulourides eta!., 1965; Silverstone, 1972).
Anderson (1938) recorded that incipient enamel caries or white spot lesions in
vivo became arrested and rehardened under favourable conditions in the oral
environment. A number of epidemiological studies (Hinrichsen, 1964; Backer-Dirks,
1961 and 1966; von der Fehr et a!., 1970) have recorded so called 'reversals' of
diagnosis whereby early lesions detected clinically and radiographically disappeared
when examined at a later date using identical criteria. Such healing or remineralisation
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occurred only if cavitation had not occurred or the carious lesion had not penetrated into
dentine. von der Fehr et al. (1970) induced experimental caries in human subjects by
prescribing sucrose mouth rinses for a period of 23 days during which the subjects
refrained from oral hygiene procedures. The early carious lesions showed regression
with the use of a fluoride mouth rinse started after the twenty-third day.

1. 2

THE EARLY DIAGNOSIS OF CARIES
The suggestion that small carious lesions confined to enamel should be

periodically monitored following the introduction of preventive measures rather than
being immediately restored is not new (Simpson, 1924; Raper, 1925).

Better

understanding of the dynamic nature of the carious process has led to a more
conservative approach in the management of dental caries. Non-invasive measures alone
are considered sufficient in the treatment of caries if detected in its early stages (Kidd,
1984). Moreover, with the change in the pattern of dental caries in the Western world,
the progression of the carious lesion has been found to be much slower than previously
observed, and the relative numbers of small carious lesions confined to enamel are
reported to have increased (Granath et al., 1980; Schwartz et al., 1984). It is thus
important to diagnose caries in its early stages, as it has important consequences for
management.
It is generally agreed that a restoration is required in the presence of a clinical
cavity but that earlier stages are amenable to preventive measures alone. However,
different investigators have different opinions on when a radiographically seen lesion
must be treated restoratively. Behind the opinion that a lesion of a certain extent must be
treated by restoration lies the assumption that the lesion at this stage is beyond treatment
by preventive measures. When judging the role of the radiographic image as an aid to
the diagnosis and treatment of carious lesions, the quality of the radiographic
examination is very important. It must be also remembered that the earliest stages of
carious lesions are not visible on radiographs, and that radiographs underestimate the
extent of demineralisation (Grondahl and Hollender, 1986).
Most investigations of the correlation between the extent of radiographically
observed lesions and the presence of cavities have found that a lesion which is
radiographically seen in the outer half of the dentine coincides with a cavity. Hence, the
principle of treating lesions restoratively only when the radiolucency is visible in the
outer half of dentine (Kidd and Joyston-Bechal, 1987).
The early diagnosis of caries is therefore important clinically, to avoid
unnecessary restorations and to institute preventive treatment at an early stage. The
accurate diagnosis of caries is also of crucial importance in research into the aetiology
and progression of caries in vivo , and in clinical trials of caries-preventive agents and
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techniques. Failure to diagnose lesions in its earliest stages might result in an apparent
reduction in therapeutic efficiency.

1. 3

CLINICAL AND RADIOGRAPHIC METHODS OF DIAGNOSIS
1. 3.1 Clinical methods of diagnosing caries
Traditionally, clinical examination for caries has involved the use of the
mirror and probe, and a feeling of 'stickiness' on probing was considered to indicate a
lesion. The validity of such probing has been questioned as the variations in pit and
fissure morphology, sharpness and width of the probe, and pressure exerted by the
operator, are expected to give variable results and an area that appears 'sticky' to a sharp
probe may not be carious histologically (Miller and Hobson, 1956). In addition, it has
been shown that probing on tooth surfaces may penetrate the highly mineralised intact
surface zone of an early carious lesion and reach the decalcified subsurface layer, thereby
enhancing the breakdown of the early lesion, and hindering remineralisation; it can also
cause transfer of microorganisms to not-yet-infected areas (Ekstrand et al., 1987; van
Dorp et al., 1988). For these reasons it is suggested that the use of a blunt probe be
confined to removing plaque and debris and not for detection of lesions.
It is recommended that the clinical diagnosis of caries should be based
upon the visual observation of surface discolouration, cavitation, and the grey
appearance of enamel undermined by caries in the dentine beneath (Rugg-Gunn et al.,
1973; Downer, 1975; Kidd, 1984). To facilitate visual observation of these changes,
the tooth should be dry, clean, and well lit (Kidd, 1984). The reliability of visual
examination has been validated with histological appearance of the tooth and has been
found to be acceptable (Downer, 1975).
1. 3. 2

Radiographic methods of diagnosing caries
The carious lesion is characterised by a loss of mineralised tissue, a
loss which may be revealed by a radiographic examination. However, a certain amount
of mineral must be lost before it can be detected radiographically. This minimum amount
is determined by a number of factors such as radiation contrast, image contrast, radiation
geometry, and viewing conditions.
When comparisons are made between the histologic appearance and
radiographic appearance of carious lesions, the radiographic lesion appears to be less
advanced (Purdell-Lewis et al., 1974; Waggoner and Croll, 1984). It has been found
that the lesion must penetrate nearly two-thirds of the enamel thickness before becoming
evident on conventional bitewing films, and sometimes the lesion may extend well into
dentine before radiographic change occurs (Waggoner and Croll, 1984). Furthermore,
since a three-dimensional lesion is recorded two-dimensionally on the film, an increase in
the size of the carious lesion in the bucco-lingual dimension is not detected. Therefore,

5

radiographs alone are unsatisfactory for the diagnosis of approximal caries and should be
used in conjunction with a visual examination for any surface discolouration, cavitation,
and the grey appearance of enamel undermined by caries in the dentine beneath (Douglas

et al., 1986; Hansen, 1980). In spite of limitations in specificity and sensitivity, dental
radiographs are still the most reliable diagnostic method widely available today.
Bitewing radiographs are acknowledged as an invaluable aid in the diagnosis of
approximal caries in posterior teeth (Kidd, 1984; Holt et al., 1990).

1. 3. 3

Clinical versus radiographic diagnosis
A number of epidemiological and clinical studies on large populations
have shown that small carious lesions on the approximal surfaces of teeth in contact are
more likely (68-91 %) to be detected on bitewing radiographs alone than upon clinical
examination with mirror and probe (Holm, 1975; Murray and Majid, 1978; StecksenBlicks and Wahlin, 1983) On the other hand, in extracted teeth, where approximal
surfaces can be directly inspected by eye, more lesions have been detected by visual
examination alone than on radiographs (Marthaler and Germann, 1970).
Kidd and Pitts (1990) reviewed 29 research papers, published between
1933 and 1987, comparing the value of the bitewing radiograph and a clinical
examination in the diagnosis of approximal caries. Several differences were noted in the
design of these studies including the sample size, the age groups, the diagnostic
threshold (whether or not initial lesions were recorded in addition to frank cavities)
employed, method of clinical examination (whether the teeth were cleaned and dried,
whether tooth separators were used), and methods of calculating the proportion of
lesions diagnosed by each method. The authors noted that 13 of the 29 studies did not
specify the radiographic diagnostic threshold, 6 studies recorded caries only if the lesion
had penetrated into the dentine, 2 studies recorded caries if the lesion had penetrated into
the inner half of enamel, and only 8 studies recorded caries if the lesion had penetrated
into the outer half of enamel. The percentage of the total number of lesions detected
which were diagnosed clinically alone varied widely, ranging from 7.2% to 95.2%. In
spite of the difficulties in making direct comparisons between these studies, the overall
results suggest that clinical examination alone is frequently unable to recognise more than
half of the total number of lesions. In contrast, the radiographic examination usually
revealed in excess of 90% of the total number of lesions. As tooth contact points are
established, the percentage of approximallesions that can be detected clinically alone falls
(Stecksen-Blicks and Wahlin, 1983). These findings stress the need to supplement
clinical with radiographic examination to detect approximal caries where tooth contacts
had been established.
Pietila (1985) reported that, while there was a very large percentage of
additional lesions detected by bitewing radiographs at the dentine level, this figure more
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than doubled when enamel radiolucencies were included.

This emphasises the

importance of diagnostic threshold in the interpretation of results in evaluating the values
of radiographic and clinical examinations. In another study, de Vries et al. (1990) found
that the chance of correctly diagnosing an enamel lesion clinically increased with age,
being 6.3% at age 8, in the presence of a mixed dentition, versus 15.2% in the
permanent dentition at age 14. However, the correct clinical diagnosis of frank cavitation
was found to decrease with age, being 66% at age 10 and 14% at age 14.

1.4

CARIES ON THE DIFFERENT SURFACES OF THE TOOTH
1. 4 .1 Occlusal surfaces
Studies have shown a high incidence of occlusal caries in the posterior
teeth during the process of eruption, immediately after eruption, and from 1 to 3 years
after eruption (Berman and Slack, 1973; von der Fehr, 1986). It is a common belief that
the higher caries susceptibility of occlusal surfaces, compared with smooth surfaces, is a
direct result of the structural irregularities associated with occlusal pits and fissures
(Nikiforuk, 1985 a). Studies have shown that erupting teeth are more likely to develop
caries on the occlusal surfaces, due to favourable conditions for plaque accumulation;
and that post-eruptive mineralisation, functional use of teeth, and improved conditions
for toothbrushing promote arrestment of lesions initiated during eruption (Carvalho et
al., 1989).
Early carious lesions on occlusal surfaces form bilaterally on the walls
'··
of the fissure. The invaginated morphology of the occlusal surface makes diagnosis of
occlusal caries in its early stages difficult (Pitts, 1991). A fissure which looks clinically
caries-free may histologically show signs of caries (Kidd, 1984). The topical action of
fluorides is thought to be making clinical diagnosis of early occlusal caries difficult.
Even in the presence of extensive destruction of dentine under pits and fissures, the
surface may appear to be intact and caries free (Sawle and Andlaw, 1988). The
prevalence of these clinically hidden (occult) lesions is not known but the visual clues to
their presence include changes in the colour, opacity or translucency of the tooth
structure underlying the fissure (Pitts, 1991). Radiographs can further assist the
diagnosis of occult caries which presents as a radiolucency centrally under the occlusal
fissure (Pitts, 1991). Further difficulties in assessing occlusal caries occur in surfaces
which have been fissure-sealed. There are few validated criteria for diagnosing caries
around or under sealants, and there is a certain amount of disagreement as to the best
method (Pitts, 1991).
1. 4. 2

Buccal and lingual surfaces
These surfaces are theoretically the most accessible surfaces for direct
clinical examination, especially in the anterior teeth. Two different types of lesions affect
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the buccal and lingual surfaces. Lesions may develop in the fissures and grooves and
diagnosis of these lesions is complicated by the same problems of uncertainty as
described for occlusal caries. The other type of lesions are the so-called 'free smooth
surface' lesions found in the non-fissured areas. These lesions usually start under an
accumulation of plaque near the gingival margin which, if left undisturbed, may produce
a broad white band around the cervical aspect of the tooth (Pitts, 1991).

1. 4. 3 Mesial and distal surfaces
Bitewing radiography is often regarded as an unnecessary part of the
caries examination of pre-school children because of the falling prevalence in caries, the
unreadability of overlapped surfaces that is common, and the fear of radiation overdose
(Holt et al., 1990). However, Stecksen-Blicks and Wahlin (1983) found that in preschool children aged between 4 and 6 years, approximal rather than occlusal surfaces
were the flrst areas to develop caries; nearly 50% of the children without clinical (visual)
evidence of caries were found to have radiographic evidence of approximal caries. In
children, early diagnosis of approximallesions is important because caries progression
into dentine and pulp may occur within a shorter period in primary than in permanent
teeth (Schwartz et al., 1986).

1. 5

STANDARDISED BITEWING RADIOGRAPHY
As well as having a role in the detection of occlusal and approximal caries,
bitewing radiographs taken sequentially in a standardised manner are also used to
monitor the activity of the carious lesion, especially lesions in the approximal surfaces
(Grondahl, 1979 a; Pitts, 1983; Douglas et al., 1986). A large number of variables
have been found to affect the diagnosis of a carious lesion (van Aken, 1969; Pitts, 1984
a and b). It is therefore important to standardise as many variables as possible if valid
comparisons are to be made between two sets of radiographs. The comparison of serial
films is valid only if films are standardised with respect to angulation, distance,
exposure, processing, and viewing (Pitts, 1984 a). Some variables such as the sourceto-object distance, object-to-film distance, vertical and horizontal inclination of the film
and the cone can be duplicated by the use of film holders, beam-aiming and collimating
devices, and bite blocks (Pitts, 1984 a). Other variables such as film density, contrast,
definition, and resolution may be controlled by proper selection and use of the x-ray
machine, film, processing facilities, and viewing methods (Jensen, 1978).
1. 5 .1

Film holders
The horizontal angulation of the x-ray beam appears to be vital to
successful bitewing radiography, and it has been demonstrated that different caries
scores can be obtained if this variable is not standardised (Sewerin, 1981). McDonald
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(1983) demonstrated an increase in horizontal overlapping by changing the horizontal
angulation of the beam. The use of film holders and beam-aiming instruments has been
found to aid standardisation and reduce overlaps by controlling the geometrical
relationships between the film, object, and the x-ray source and thus has considerable
advantages over the freehand technique (Pitts, 1984 a).
Backer Dirks et al. (1951) pioneered a reproducible method of
monitoring caries activity in posterior approximal surfaces. They used a film holder
connected to an extra-oral aiming aid; the holder consisted of a drilled metal plate, onto
which the teeth occluded, with a long slot at one edge which held the film perpendicular
to the plate. A great variety of bitewing film holders such as the Rinn film holder, the
Kwik-Bite, and the Eggen-Bite, the design of all of which include a film holding and a
beam aiming component, are now available (Moystad and Larheim, 1989). Where these
film holders are not well tolerated, as is usually the case in children, simple bitewing
holders such as self-adhesive tabs and slide-on cardboard loops are used (Wuehrmann
and Mason-Ring, 1981). However, standardisation by these simple holders is not
possible (Pitts, 1984 a). In a study comparing both the reproducibility and overlapping
of bitewing radiographs (Moystad and Larheim, 1989), it was found that the Eggen-Bite
film holder gave fewer overlaps. The reproducibility of overlaps and horizontal
dimensions was higher with the Kwik-Bite film holder, although not significantly so in
the case of the latter variable. Bitewings carried out by inexperienced students revealed
no difference between the methods. In another study, radiographs taken with the EggenBite with an aiming device were found to be more reproducible than those taken with the
Rinn film holder (Beyer-Olsen and Eggen, 1983). Thus none of the available film
holders appear to be ideal and the choice of one over the other depends on the purpose of
the radiological examination.

1. 5. 2

Beam aiming devices
In addition to the standardised positioning of the film, it is necessary to
standardise the position of the x-ray tube head in order to reproduce beam angulation
(Sewerin, 1981). Extra-oral aiming rods, tube positioners, facial shields, and such other
devices attached to film holders have been commonly used as landmarks to align the tube
head (Pitts, 1984 a). Some workers contend that the tube head should be rigidly attached
to the film holder to minimise any errors of alignment, while others believe that any rigid
connection would result in distortion (Pitts, 1984 a). With beam-aiming devices, the
film to x-ray focus distance can be standardised and the film can be placed in the centre
of the x-ray beam.
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1. 5. 3

Collimation of the x-ray beam
Open, cylindrical, lead-lined cones are advocated for use as x-ray
collimators (Wuehrmann and Mason-Ring, 1981). Collimation of the x-ray beam not
only reduces the radiation dose but also decreases scattered radiation-induced fog,
thereby resulting in superior contrast and a better image (Wuehrmann and Mason-Hing,
1981; Updegrave, 1972). The continued use of circular cylinders of around 6.25 em
diameter in order to expose a small rectangular film has, however, been questioned
(Pitts, 1984 a). Collimating the x-ray beam to the approximate shape and size of the film
being exposed has been achieved by fitting a metal collimating plate with a rectangular
opening at the distal end of an open cylinder (van Aken, 1979; Updegrave, 1972). A
long source-to-object distance is preferred over the shorter collimators in order to obtain
maximum sharpness (Wege, 1967).
1. 5. 4 Bite Blocks
To further improve reproducibility, bite blocks have been used with
film holders to record the positioning of the film (Pitts, 1984 a). Different types of
materials such as impression compound, Thiokol rubber, hard wax, or acrylic resin have
been used directly on the film holder, or over a styrofoam block, or on a perforated metal
block (Pitts, 1984 a). This approach is very useful in longitudinal clinical research but,
b(cause of the logistical problems of storage of each patient's bite block and difficulties
in seating the block fully after some months, they are considered impractical for routine
clinical use.
1. 5. 5

X-ray machine, film type, processing, and viewing
The use of different x-ray machines, film types, processing materials
and methods, and viewing methods may all affect the detection of caries. There exists
considerable variation in radiation output of machines set at the same kilovoltage (Preece
and Jensen, 1983). Therefore in longitudinal studies the same x-ray machine should be
used throughout the study. Studies (Svenson et al., 1982; Knapp et al., 1984; Arnold,
1987 a) which have examined the influence of different beam energies on the diagnosis
of approximal carious lesions have found a small but significant decrease in the accuracy
of caries diagnosis with increasing energy.
Currently D-speed films and E-speed films are widely used for
bitewing radiography. E-speed dental films are approximately twice as fast as D-speed
films, and therefore require less exposure; the relatively larger silver-bromide grains in
the emulsion make E-speed films more sensitive than D-speed films, but it also results in
a grainier image (Girsch et al., 1983); E-speed films have a lower resolution and this is
thought to reduce the number of false positive decisions (White et al., 1984).
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Automatically-developed films have been found to have a more
uniform density and contrast than manually developed films (Sewerin, 1986). The
quality and age of the developing solution and the developing time and temperature must
be standardised in order to enable comparisons of sequential radiographs. Bulk
processing of films under such standardised conditions ensures uniformity of image
density and contrast (Sewerin, 1986). Image density remains constant even after
developing as many as 1,000 dental films if they are developed in rapid succession and
in a fresh developing solution (Hedin, 1989). However, it has been found that the
important factor is time rather than number of films processed and that most solutions
need replenishment after 1-2 weeks, due to aging and oxidation, irrespective of the
number of films processed (Hedin, 1989). The processing temperature should also be
kept constant because an increase in temperature leads to increased blackening and
fogging (Hedin, 1989).
The conditions under which a radiograph is observed can also
influence the diagnosis of caries (Arnold, 1987 b). It is recommended that radiographs
be read in a semi-darkened room using a viewbox with high light intensity; the viewbox
should be masked by opaque material to exclude extraneous light that could blind the
observer. Viewing against a wide light source is not recommended (Arnold, 1987 b).
There are a number of accessories such as a magnifying glass, an X-ray viewer,
photographic enlargement, enlargement through projection via a slide projector, and
computerised image analysis that can facilitate interpretation of a radiograph (Arnold,
1987 b). The same accessory should be used in viewing serial radiographs. Two
phenomena, cervical burn-out and Mach band, create radiolucent areas that can mimic
carious lesions (Berry, 1983). Cervical burn-out may be confused with approximal or
cervical caries, but the borders of this radiolucent area, seen around the necks of teeth,
are rounded and diffuse and the tooth edge is intact. Mach band appears as radiolucent
areas in the dentine adjacent to the amelodentinaljunction (Berry, 1983). Knowledge of
these optical phenomena by the examiner can reduce errors in diagnosis.

1.6

UNREADABLE SURFACES ON APPROXIMAL RADIOGRAPHS
In spite of the use of film holders, overlaps do occur. Overlaps are not
necessarily caused by poor technique. The curvature of the dental arch and irregularities
of the dentition have been shown to cause overlapped images (Pitts, 1987). McDonald
(1983) suggested that "the positioning of the X-ray beam so as to cause no overlapping
was at best difficult and at worst impossible". In the permanent dentition, Slack et al.
(1967) found between 7.5-8.4% of overlapped surfaces, up to 24% were found by
Mitropoulous (1985), and 38.6% were found by Haugejorden (1974). Sewerin (1981),
examining an adult group, reported up to 80% overlapping of which 16 % were severe
and unreadable indicating that overlapping may be a great problem. In the primary
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dentition, Edward eta!. (1973) found only 5.8% of surfaces to be overlapped, but these
authors had used two films per side and had even repeated some films.
In other studies using two films per side, 9% (Granath eta!., 1978) to 11.2% of

surfaces (Henrikson and Edwards, 1973) were found to be unreadable in the primary
dentition. In a study in 5-year-old children (Holt eta!., 1990) using a single film on each
side, with no repeats and no attempts to hold the child's head, 14% of the surfaces were
unreadable. The most common reason for surfaces to be unreadable was that they were
missing (7%) from the films because the film, tube and child's teeth had not been
correctly aligned despite the use of film holders. Blurring of the surface as a result of the
child moving during exposure accounted for 4% of all unreadable surfaces, and overlaps
accounted for only 3%. The authors concluded that, despite the loss of information on
approximal films in children, it is of great value in the detection of approximal caries.
While some studies have ignored all overlapped surfaces, others have pooled
even slight overlaps with missing surfaces or unreadable surfaces, thereby leading to
loss of valuable data and possibly an underestimation of the extent of caries. Therefore
by inclusion of scoring codes which quantify the degree of overlap and which allow for
the recognition of obvious caries in the presence of overlap, it can be expected that more
accurate results can be obtained (Haugejorden, 1974).

1. 7

SCORING AND MONITORING THE CARIOUS LESION
To detect the true prevalence of caries, increments in dental caries, or changes in
caries incidence and progression effected by preventive procedures or agents, a sensitive
and reproducible system for scoring and monitoring lesions is essential.
1. 7.1

Score systems for recording caries and overlaps
A large number of diagnostic criteria and grading systems have been
used for the classification of approximal lesions detected on bitewing radiographs.
Although the DMF Index is commonly used as an indicator of present and past caries
experience, it is too coarse a measure for use in recording caries increment (Wagg, 1974;
Grondahl eta!., 1977).
Backer Dirks et al. (1951), were among the first to record the degree of
lesion penetration on sequential standardised bitewing radiographs by using a series of
scoring codes. Grading systems today subdivide the carious process into different
depths of penetration into enamel or dentine; each stage is given a code, as are surfaces
that are filled, overlapped, and unerupted. The scope and complexity of the criteria
employed have been found to vary widely, ranging from a simple division into intact,
carious, or restored, to a six-point scale describing the carious lesion by dividing the
enamel and the dentine into thirds (Purdell-Lewis et al., 1974). Some workers have
ignored lesions that do not extend beyond the outer half of the enamel, and this could be
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expected to reduce the overall caries score (Murray and Shaw, 1975). Others have
ignored overlapped surfaces, which can significantly affect results as caries penetrating
beyond the overlap can still be scored in the normal way. Failure to identify overlapped
surfaces could underestimate caries activity (Haugejorden, 1974).
Haugejorden and Slack (1975 a) found that subdividing the enamel into
two halves gave a more accurate picture of caries progression than when the full
thickness of enamel was considered. A number of studies have scored carious lesions by
arbitrarily subdividing the enamel and dentine into halves (Marthaler, 1966; Grondahl et

al., 1977; Axelsson and Lindhe, 1981). In its simplest form, a sound surface is scored
0, a surface with a radiolucency confined to the outer half of enamel is given a score of 1,
a surface with a radiolucency in the outer half of enamel and up to the amelo-dentinal
junction (ADJ) is given a score of 2, a surface with a radiolucency in enamel and
extending into the outer half of dentine is given a score of 3, and a radiolucency reaching
the inner half of dentine with or without pulpal involvement is given a score of 4 (Kidd,
1984). However, this system does not account for overlapped surfaces. In an attempt to
make reliable comparisons between studies on caries activity, a standardised system for
grading approximal carious lesions and overlaps has been proposed by Pitts (1983). In
addition, overlapped surfaces are also scored (Table 1).
Grades R3(0) and R4 allow for dentine caries to be recorded even if the
full thickness of enamel is overlapped. A surface with the enamel overlapped but the
dentine sound is scored as Rs. When the overlap extends beyond the ADJ, the surface is
graded as an unreadable overlap and pooled in category Rs(O)· If only the outer half of
enamel is overlapped and the inner half of enamel is carious up to the ADJ, score R9 is
awarded; if the inner half of enamel is sound, score R10 is awarded. By adding all
scores with the suffix (0) and codes Rs, R9, and Rw, the total number of overlaps can be
calculated. However, some surfaces scored as R10 might in fact represent R1 in which
case this category can be eliminated and scored as Rs. This system needs further
investigation before it can be used as a standardised system.
1. 7. 2

Monitoring caries activity
Caries activity includes the development of new lesions and the
progression of existing lesions. Many methods have been used to monitor approximal
caries activity. Sequential radiographs have been projected onto squared paper and the
number of squares counted (Shepherd, 1945); radiographs have been magnified and
projected onto white paper and the lesion measured with dividers (Craig et al., 1981); or
the outline of the lesion has been traced and the lesion cut out with a view to
approximating the area of the lesion by weighing the cut paper (Muhler et al., 1967).
With the use of the score system first introduced by Backer Dirks et al.
(1951) and later modified by other workers, caries progression today is monitored by
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Table 1

Standardised sustem of grading approximal carious lesions and overlaps
proposed by Pitts, 1985.

Code

Category

Ro

Sound

No radiolucency or restoration visible.

R1

Outer half
enamel lesion

Zone of increased radiolucency confined to
outer half of the enamel (no minimum limit).

R2

Inner half
enamel lesion

Zone of increased radiolucency involving
both inner and outer halves of the enamel,
including lesions extending up to but not
beyond ADJ.

R3±CO)

Outer half
dentine lesion

Zone of increased radiolucency penetrating
enamel and ADJ but confined to the outer half
of the dentine (suffix 0 where surface has
enamel overlapped provided radiolucency in
dentine is distinct).

R4±CO)

Inner half
dentine lesion

Zone of increased radiolucency penetrating
into the inner half of dentine with or without
apparent pulpal involvement (suffix 0 where
surface has enamel overlapped provided
radiolucency in dentine is distinct).

Rs

Enamel overlap (no
lesion in dentine)

Overlapped surface. Overlap of more than
half the thickness of the enamel but not
beyond the ADJ. No zone of increased
radiolucency in dentine.

R6±CO)

Secondary caries

Zone of increased radiolucency associated
with a filled surface (suffix 0 where
obviously overlapped).

R7±CO)

Filled surface

Radiographic appearance consistent with a
restoration (suffix 0 where obviously
overlapped).

Rs

Excluded surface

Unerupted, extracted, or missing from film

R9

Partial overlap:
carious

Overlap of less than half the enamel, zone
of increased radiolucency in inner half of
enamel including lesions extending up to but
not beyond ADJ.

Rw

Partial overlap:
sound

Overlap of less than half the enamel, no zone
of increased radiolucency.

Diagnostic criteria
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comparing the scores given to the approximal surfaces on serial, standardised, bitewing
radiographs and an assessment made of any change in the depth of penetration of the
radiolucency. In the method proposed by Pitts (1985), after two serial standardised
radiographic examinations have been performed and each approximal surface is ascribed
a particular scoring code from Ro to R10 as shown in Table 1, the score transitions for
each surface are individually examined and a transition score for each surface is awarded
as set out in Table 2. Grades that remain of equivalent severity (eg. Ro to Ro or R1 to R1
or R2 to R2 or R3 to R3 etc) score 0; transitions of one unit of increased lesion severity
(eg. Ro to R1 or R1 to R2 or R2 to R3 or R3 to R4 etc) score 1; transitions of two units
of increased lesion severity (eg. Ro to R2 or R1 to R3 or R2 to R4 etc) score 2 and so on.
This transition score is based on the assumption that a lesion is treated or restored only
after it has extended into the outer half of dentine as is the recommended clinical practice.
Therefore transitions from R1 to R7 score 2 as well. Grondahl et al. (1977), however,
scored the same transition as 0, but Cook (1984) scored it as 1, as different threshold
levels for treatment were adopted. This system accomodates lesion regression, and the
appropriate negative scores are given when transitions to less severe grades of lesions
occur. Overlapped but readable surfaces contribute to the overall results. Computation
of these behaviour scores is done automatically by the computer.
Adoption of such standardised systems of recording and monitoring
carious lesions would make results of longitudinal progression studies more comparable.
A major advantage of the score system is that the assessment of lesion progression or
regression is based upon changes in individual lesions monitored over time rather than
from comparisons of pooled data from the baseline and subsequent examinations. Some
studies have used this type of scoring code with good reproducibility figures (Powell et

al., 1981; Granath et al., 1980).
1. 7. 3

Image analysis of approximal radiolucencies
For approximallesions in contacting posterior teeth, standardised serial

bitewing radiography remains the best method of monitoring lesion behaviour in vivo
(Pitts, 1983). In spite of attempts to standardise the radiographic method, viewing
techniques, and diagnostic criteria, visual estimates of the radiographic lesion size remain
very subjective and are liable to considerable errors (Grondahl, 1979 a and b; Mileman,
1983). In clinical trials, such intra- and inter-examiner variability may be large enough to
influence the results of the caries inhibitory effect of the agent being studied (Shaw and
Murray, 1975). In an attempt to overcome the problem of examiner variability, a
computer-aided image analysis (IA) method of detecting and measuring radiolucencies in
approximal enamel has been used (Pitts and Renson, 1987).
The IA system developed by Pitts (1984 c) comprises a video camera,
mounted over a light box, which acquires a video image of the illuminated radiograph.

15

Table 2

Behaviour 'scores' and their respective scoring code transitions
(Pitts, 1985).

SCORE

TRANSITIONS

0=

R

1=

R

2=

R

o->2 o->9 1->3 1->6 1->7 2->4 5->4
'
'
'
'
'
'
'
9->4, 10->3, 10->6, 10->7

3=

R

o->3, 0->6, o->7, 1->4, 10->4

4=

R

o->4

-1

=

o->o, o->5, o->8, o->10, 1->1, 1->5, 1->8,
1->10, 2->2, 2->5, 2->8, 2->9, 3->3, 3->6,
3->7, 3->8, 4->4, 4->6, 4->7, 4->8, 5->0,
5->1, 5->2, 5->5, 5->8, 5->9, 5->10, 6->6,
6->7, 6->8, 7->7, 7->8, 8->0,1,2,3,4,5,6,7,8,9,10
9->2, 9->5, 9->8, 9->9, 10->0, 10-> 1, 10->5,
10->8, 10->10
o->1, 1->2, 1->9, 2->3, 2->6, 2->7, 3->4,
5->3, 5->6, 5->7, 7->6, 9->3, 9->6, 9->7,
10->2, 10->9

R

1->o, 2->1, 2->10, 3->2, 3->5, 3->9, 4->3,
9->1, 9->10

-2 =

R

2->o, 3->1, 3->10, 4->2, 4->5, 4->9, 9->10

-3 =

R

3->o

Illegal transitions =

R

4->o, 4-> 1, 4-> 10, 6->o, 1, 2, 3, 4, 5, 9, 10
7->0, 1,2, 3,4,5,9, 10
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The image of the radiograph is filtered and stored in a digital image memory computer in
the form of 512x512 separate pixels each having a brightness, or grey level value, from 0
to 256. This information is repeatedly processed by a minicomputer which, having
identified the tooth's edge, searches for a drop in grey level values in the area of a
radiolucency. If a lesion is identified, a measurement routine systematically reprocesses
the image data to construct a lesion boundary. The coordinates of this lesion boundary
allow estimates of height, width, area, and percentage depth of penetration of the enamel
(d%) to be derived automatically. The measure of area of the lesion is expected to be a
more sensitive indication of the behaviour of the lesion than the depth of the lesion (Pitts
and Renson, 1985).
Pitts (1987) compared the diagnostic performance of the IA system
with that of 10 trained observers in detecting small approximal radiolucencies in bitewing
radiographs of extracted teeth so that results could be validated against the true
(histological) state of each surface. The IA was found to have similar or slightly greater
(77 .8%) sensitivity (the ability to identify carious surfaces if present i.e. true positives)
than the visual observers (mean sensitivity =52.2%). However, the IA was found to
have a much lower (61.5%) specificity (ability to correctly identify sound surfaces) than
the visual observers who achieved an average of 95.2%. Several other studies have
found a similar average for visual sensitivity (54%) and specificity (92.3%) (Marthaler
and Germann, 1970; Purdell-Lewis et al., 1974; Bille and Thylstrup, 1982).
The relatively low specificity of the IA system is not thought to be due
to random error, and repeated work has shown that the IA system detects falls in intensity
on the surface of the approximal enamel (Pitts and Renson, 1986). It has not been
possible to say whether these subtle false positive radiolucent areas are a typical feature of
all teeth and whether they represent the phenomenon of proximal burnout similar to
cervical burn out which can produce a decrease in the intensity on the film (Berry, 1983).
Some workers (White and Gratt, 1979; Arnold, 1987 a) have found that in radiographs
with higher density, two adjacent teeth seem to have no contact because thinner areas of
"~

the tooth are burned out and appear with a lower density. A number of rejection criteria
and an offset detection threshold in the software developed by Pitts (1984 c) allows for
elimination of some false positive scores.
While being at least comparable in performance with experienced visual
observers in its ability to detect the presence of radiolucencies (Pitts, 1987), the IA
method can provide estimates of radiolucency size that are more objective and
reproducible (Pitts and Renson, 1985) and closer to histologic estimates of lesion size
than those obtained by visual assessment (Pitts and Renson, 1986).
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1. 8

EXAMINER RELIABILITY IN DIAGNOSIS
Several investigations have confirmed that considerable variation exists, both
within and between observers, irrespective of which calibration system has been used in
the diagnosis of carious lesions (Shaw and Murray, 1975; Pliskin et al., 1984; CleatonJones et al., 1989). This variation appears to be dependent on caries diagnostic criteria
and experience of the examiner (Cleaton-Jones et al., 1989). Not only is it important to
determine the reliability of diagnosis of the presence or absence of a carious lesion on
radiographs, but it is also of importance to know the reliability with which the depth of a
radiolucency can be estimated (Mileman et al., 1983).
There are a number of methods available to test the reliability of carious lesion
measurements. To measure agreement in the detection of lesions, Alman's Consistency
Ratio (Pliskin et al., 1984), the Diagnostic Inconsistency Ratio (Haugejorden and Slack,
1975 a), and Cohen's Kappa statistic (Valachovic et al., 1986; Nuttal and Paul, 1985) are
commonly used.
The Alman's Consistency Ratio (C.R.) in percent is given by:
C.R.= cc
X 100
cc+cs+sc
and the Diagnostic Inconsistency Ratio (D.I.R.) is given by:
D.I.R.= 100 cc
X 100
cc+cs+sc
where (cc) represents the number of surfaces judged carious on two independent
assessments and cs and sc represent the number of surfaces judged carious on one
reading and sound on the other or vice versa respectively. Haugejorden and Slack (1975
a) reported that intra-examiner agreement in different studies ranged from 73-80%, and
still higher values of up to 90% have been reported by Pliskin et al. (1984). Interexaminer consistency has been found to range from 71-84%. The exclusion of
unreadable surfaces has been found to inflate the C.R. (Haugejorden and Slack, 1975 a)
A decision to diagnose a surface or tooth as caries free is just as critical as a
diagnosis of caries (Shaw and Murray, 1975; Cleaton-Jones et al., 1989). DePaola and
Alman (1972) found that the intra-examiner C.R. increased from 64% to 94% when
agreement on sound surfaces was included in both the numerator and denominator. The
calculation of the Kappa value includes agreements on caries-free teeth, and the formula
is given by Kappa (k) = Ao-Ac/1-Ac; where Ao=ss+cc, which is the proportion of
agreement actually observed (Fleiss, 1975), and Ac= [(ss+sc) x (ss+cs)] + [ (cc+sc) x
(cc+cs)], which is the proportion of agreement that could be expected by chance on the
use of a particular diagnostic choice. A Kappa value of 0.81 or more is considered to
indicate excellent reliability and values between 0.61-0.80 have been considered as
substantial (Fleiss, 1975; Cleaton-Jones et al., 1989).

18

Only a few studies have reported both the intra- and inter-examiner agreement on
the presence of caries as well as agreement on the depth of penetration of the lesion based
on interpretation of bitewing radiographs (Murray and Shaw, 1975; Grondahl, 1979 b;
Pliskin et al., 1984). The intra-examiner agreement on extent of penetration of the lesion
has been found to range from 64-90%, and inter-examiner agreement has been found to
range from 39-88% (Mileman et al., 1983; Pliskin et al., 1984).

1. 9

STUDIES MONITORING CARIES ACTIVITY
Caries activity refers to the increment of active lesions, including new and

recurrent lesions that occur over a period of time. Information on the rate of caries
activity is required to be able to design suitable preventive programmes.

1. 9.1

The progression of caries
A number of studies have monitored the fate of the carious lesion with

time.

However, the use of different scoring systems has made comparison of

progression studies difficult. Moreover, some studies have employed systems that make
no provisions for scoring regression of lesions, whereas other studies have not reported
on overlapped and unreadable surfaces or on patient dropouts, all of which could have
underestimated the extent of caries. In addition, different numbers and age groups of
children, living in areas with different levels of fluoride in the water supply, with
different initial caries prevalence, have been studied for variable periods of time and
results have been reported on a population basis. The degree of standardisation achieved
in clinical and radiographic examination has also varied markedly and the extent of interand intra-examiner variability has differed. Other factors such as level of oral hygiene,
use of dental floss, the availability of dental treatment or preventive advice during the
course of the study, which can all influence the reported rates of lesion progression, may
or may not have been reported (Pitts, 1983). All these factors make the interpretation and
comparison of studies which have monitored the behaviour of the carious lesion very
difficult.
Backer Dirks et al., (1951) examined 100 children aged 7 years and
followed them longitudinally for 8 years. The examinations included standardised
bitewing radiographs. They concluded that caries progression in the approximal surfaces
of this group of children was slow and that it could take on an average 3-4 years for an
incipient lesion in enamel to progress into the dentine. The p value (percentage of lesions
in enamel at the start of the study that remained confined to the enamel) was 50% (SD
7.6) after 4 years, 33% (SD 7.2) after 6 years, and 26% (SD 6.7) after 8 years. There
appears to be overwhelming evidence from subsequent studies that the progression of
approximal carious lesions in individuals aged between 9-26 years is a slow process, and
that large numbers of lesions in enamel remain unchanged for long periods (Zamir et al.,
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1976; Grondahl et al., 1977; Hollender and Ronnerman, 1978; Craig et al., 1981;
Powell et al., 1981). These results must, however, be interpreted with caution because
of the intrinsic inter-study differences. In those studies (Hollender and Ronnerman,
1978; Powell et al., 1981) during which the subjects received some form of fluoride
treatment, the p value was found to be relatively higher than when subjects received no
treatment. In two studies the values ofp after 1 year in children aged 12-14 years was
calculated to be between 71.8% ± 4.5 (SD) to 77.4% ± 1.5 (SD). The values of p1/2,
the percentage of lesions in the outer half of the enamel at the start of the study that
remained confined over the same period, were higher and ranged between 79.4% ± 5.1
(SD) to 86.4% ± 1.5 (SD) respectively (Haugejorden and Slack, 1975 b; Granath et al.,
1980). Shaw and Murray (1986) found that once caries had extended to the inner half of
enamel, only 20% of lesions remained in this state after 3 years; approximately half of
these lesions that were regarded as having progressed had been restored, and therefore it
cannot be proved that these lesions had in fact progressed before restoration.
Studies which have monitored caries progression in primary teeth have
given different results. One study found that in a group of 310 children aged 5-7 years,
69 of the 71 lesions (97 .2%) studied progressed to dentine in 1 year (Murray and Majid,
1978). However, only those lesions in the inner half of the enamel were considered, and
this could explain the rapidity of progression. Craig et al., (1981) reported that 74% of
enamel lesions in the deciduous molar teeth of 7-year-old children remained confined to
enamel even after 24 months.

However, these children had received a fluoride

application just prior to the study. In studies where lesions in caries-active children have
been monitored the progression has been reported to be quicker (Erp and Meyer-Jansen,
1970; Hyde, 1973; Marthaler and Wiesner, 1973). A study (Erp and Meyer-Jansen,
1970) of 100 caries-active children from age 4.5-6.5 years found that the average time
taken for an initial enamel lesion in the primary molars to progress into the dentine was 7
months. Identification of such caries-risk individuals is therefore important if they are to
receive prophylactic treatment at an early stage in an attempt to cause regression of
lesions.
The progression rate of lesions varies between individuals as well as
between lesions within an individual. It is therefore considered more appropriate to
report caries progression data by tooth surface rather than by the mouth of the individual,
and also on an individual basis rather than on a population basis (Theilade and Birkhed,
1986).

1. 9. 2 The regression of caries
The remineralisation in vivo of early white spot lesions on free smooth
surfaces was recognised as early as 1966 by Backer Dirks. However, considering
approximal lesions detected as radiolucencies on bitewing radiographs, the relative
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contributions to the total number of 'reversals' made by observer errors and true
regression due to remineralisation have been largely speculative. Some early studies
assumed that all observed reversals on radiographs of approximal caries were due to
errors (Carlos and Senning, 1968). Longitudinal bitewing radiographic studies have
revealed that caries progression is normally a slow process, but that groups with access
to fluoride therapy exhibit even slower progression and show a larger number of
reversals (Koulourides and Axelsson, 1977). These findings lend support to the concept
of true regression of radiologically diagnosed approximal lesions. Therefore the view
that regressions or negative score transitions, represent errors is no longer valid (Pitts and
Renson, 1986).
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2. FLUORIDE AND ITS EFFECT ON
CARIES ACTIVITY
It has long been recognised that there is a strong inverse relationship between
exposure to fluoride and the prevalence and progression of dental caries (Murray and
Rugg Gunn, 1982). For many years, the caries preventive effect of fluoride was
attributed primarily to the reduction of the solubility of enamel resulting from fluoride
being incorporated into the apatite lattice at the time of tooth development (Brudevold and
McCann, 1966; Brown et al., 1977). However, it has been difficult to demonstrate a
significant relationship between enamel fluoride content and caries experience (Melberg et
al., 1985; Retief eta!., 1987). Better understanding of the dynamic nature of the carious
lesion (Larsen, 1990) has led to the concept that the cariostatic effect of fluoride is mainly
due to its presence in the oral fluids and its ability to decrease the rate of enamel
demineralisation and increase the remineralisation of incipient carious lesions
(Silverstone,1977; Arends and ten Cate, 1981; White and Nancollas, 1990), and
possibly due to its effect on oral bacteria (Tatevossian, 1990).

2.1

EFFECT OF FLUORIDE ON DEMINERALISATION
A number of workers have found that trace amounts of fluoride in solution can
retard the rate of demineralisation of enamel in vitro, and that this retardation can be
achieved by increasing the fluoride concentration in solution (ten Cate and Duijsters,
1983; Featherstone et al., 1990; Larsen, 1990) and/or decreasing the pH of the solution
(ten Cate and Duijsters, 1983). The quantitative effects of fluoride inhibition reported in
different in vitro studies are, however, difficult to compare. The studies vary in the type
of enamel used (being either human or bovine, abraded or unabraded, unerupted or
mature); the experimental design (being constant composition, or pH cycling); and the
formulation of the demineralising solutions. Margolis eta!. (1986) observed a protection
of human enamel in vitro by fluoride concentrations in excess of 1.25 ~M (0.024 ppm)
using a pH 4.3 buffer containing 11.7 mM calcium and 6.0 mM phosphate ions; fluoride
concentration of 1 ppm (52.6 ~M) was found to prevent mineral loss totally. In vivo
levels are presumed to be higher, but are presently unknown (0gaard et a!., 1987;
Arends and Christoffersen, 1986). In the absence of calcium and phosphate ions,
however, a complete inhibition of enamel mineral loss, in vitro, occurred only when
fluoride concentration was in excess of 1,500 ~M (28.5 ppm) in a solution with a pH of
4.5 (Arends et al. , 1983)
In vivo studies on the effect of fluoride on lesion development are relatively
few. A study, in which lesions under orthodontic bands were studied showed that daily
rinsing with a neutral 0.2% NaF solution (48 mM as NaF) reduced lesion depth by a
factor of three and mineral loss by 60% during a 4-week period compared with a control
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group (0gaard et al., 1986). This confirms the findings of Reinstema et al. (1985) who
showed that, when the enamel is subjected to a more or less continuous cariogenic
challenge, conventional fluoride agents reduce the rate of lesion development but do not
completely inhibit it. A complete inhibition of caries development was obtained in an
orthodontic banding model in vivo V{hen a neutral 0.6% NaF fluoride solution at a very
low pH of 1.9 was applied (0gaard et al., 1988 b). The low pH fluoride solution
produced twice as much CaF2 on enamel as did a neutral 2% NaF solution in vitro
(0gaard et al., 1988 b).

2. 2

EFFECT OF FLUORIDE ON REMINERALISATION
The phenomena of remineralisation was recognised as early as 1912 (Head,

1912). Since then a number of epidemiological surveys and in vitro and in vivo
research studies have documented this phenomenon. Surface-softened lesions in vivo
remineralise quickly, although sub-surface repair, as seen in some in vitro studies, is
most likely not achieved (Gelhard and Arends, 1982; Dijkman et al., 1986; 0gaard et

al., 1988 b). In the presence of a low concentration of fluoride, remineralisation is rapid,
but with higher concentrations, fluoride may precipitate as CaF2 on the surface and seal
off the lesion (Arends and ten Bosch, 1986). It is claimed that a remineralised area is
more resistant to caries than sound enamel (Silverstone, 1977). However, even highly
fluoridated apatite as seen in shark enamel has a limited resistance to caries (0gaard et al.,
1988 a). In remineralised enamel, in spite of the deposition of fluoride-containing
apatite, the continuous presence of fluoride ions is required to prevent the progression of
the lesion (0gaard, 1990).
When fluoride is present in low concentrations in the mouth, it increases the
degree of saturation with respect to fluorapatite (FAP). Because the solubility product of
FAP is lower (10-121) than that of hydroxyapatite (HAP) (10-117), the thermodynamic
driving force for its precipitation is greater than that of HAP, and crystal growth occurs
rapidly in the presence of fluoride (Moreno et al., 1977):
10 Ca2+ + 6 P043- + 2 F- --->Caw (P04)6 F2, thus facilitating remineralisation
(Koulourides et al., 1974; ten Cate and Arends, 1977; Amjad and Nancollas, 1979).
Alternatively, in the presence of low concentrations of fluoride, ion exchange may occur
with some concomitant HP042-1oss from the surface layer of enamel (Lin et al., 1981;
White et al., 1988).
Recent reports indicate that even small increases in salivary fluoride
concentrations associated with drinking fluoridated water may enhance remineralisation
and reduce enamel demineralisation (Bruun and Thylstrup, 1984).
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When enamel is exposed to high concentrations (> 100 ppm) (R¢11a and 0gaard,
1986) of a neutral fluoride solution, significant amounts of calcium fluoride-like material
are formed:
Ca10 (P04)6 (OHh + 2 OF- -----> lOCaF2 + 6(P04)3- + 20HHowever, at lower pH levels, CaF2 can form even in the presence 10-100 ppm fluoride
(Nelson et al., 1983; R¢lla and 0gaard, 1986).
It was reported by McCann in 1968 that, as the oral fluids are normally
undersaturated with respect to CaF2, it (CaF2) would dissolve rapidly (within 24 hours)
in the oral environment. This for a long time led to the belief that, as CaF2 was 'loosely
bound' to enamel, it was not as beneficial as the less soluble FAP which was 'firmly
bound' to the enamel (McCann, 1968). However, research has shown that calcium
fluoride formed on enamel in vivo has chemical properties different from those of
chemically pure calcium fluoride (0gaard, 1988). The dissolution rate of the calcium
fluoride-like material deposited on enamel in vivo is much slower than generally
assumed (Larsen et al., 1981; Dijkman and Arends, 1988). The latter authors found
CaF2 particles on enamel even 3 months after application of topical fluoride. This is
thought to be due to adsorption of phosphate ions (Chander et al., 1982) and protein
molecules (Lindeman, 1985; R¢11a and 0gaard, 1986) onto the surface of the CaF2
particles which inhibit immediate dissolution. Reduction in pH from 7 to 5 or 4 gave an
increased rate of solubility of phosphate/protein-coated CaF2 in distilled water (Lagerlof

et al., 1988).
It has been suggested that this phosphate/protein-coated CaF2 and FAP may
serve as a pH-controlled depot of fluoride for release during cariogenic challenges. In
addition, White and Nancollas (1990) found that FAP also forms under the same
conditions in which the calcium fluoride-like material is formed, and that part of the CaF2
may transform into fluorapatite (Chander et al., 1982) which may even further inhibit the
rate of demineralisation, or facilitate remineralisation, or both.
Also, demineralised enamel acquires more fluoride, acquires it more quickly,
and itself acts as a source of retained fluoride in comparison with the more limited
reactivity of sound enamel (Weatherell et al., 1977; Silverstone, 1977). Results of
caries-model studies in vitro without bacteria have indicated that the enamel-protective
potential of fluoride can be best realised when fluoride is administered during the pH fall
(ten Cate, 1984; Featherstone, 1984).
2. 3

EFFECT OF FLUORIDE ON MICROORGANISMS
It appears that part of the anti-caries action of fluoride involves antimicrobial
effects. Fluoride ions, present intracellularly within the cells of microorganisms such as
Streptococcus mutans, increase the acquisition of protons (H+). This acidifies the
cytoplasm of the microorganism, with subsequent inhibition of acid-sensitive enzymes,
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including glycolytic enzymes such as enolase which converts 2-P-glycerate to Penolpyruvate (PEP) (Hamilton, 1977; Eisenberg and Marquis, 1980; Bender et al.,
1986). The restricted supply of PEP secondarily inhibits the phosphotransferase system
(PTS) responsible for sugar uptake, and also causes a reduction in the concentration of
glucose-6-P and ATP which influence transport via PTS (Kanapka and Hamilton, 1971;
Hamilton, 1977). The influx of protons also causes dissipation of the pH gradient,
reducing the ability of the cell to expel protons (that is acid production) (Eisenberg and
Marquis, 1980; Kashket and Kashket, 1985; Hamilton et al., 1985). This reduction
could reduce sugar uptake, which appears at low pH to depend on proton motive force
more than on the phosphotransferase system (Hamilton, 1990). Further, acidification of
the cytoplasm is associated with efflux of fluoride ion from the cell unless it is
irreversibly bound to cellular components (Marquis, 1990).
There is also evidence (Marquis, 1977; Sutton et al., 1987) that fluoride has a
direct inhibitory effect on the proton-pumping H+/ATPase which keeps the intracellular
pH alkaline. So the cell is unable to extrude the additional intracellular protons at a
suitable rate. Therefore, not only does fluoride increase proton conduction into the cell
and thereby dissipate the pH gradient, it also reduces the capacity of the cell to extrude
protons and generate pH gradients. The collapse of the transmembrane proton gradient in
turn reduces the ability of cells to transport solutes via mechanisms involving proton
motive force. The unavailability of glucose-6-P and ATP reduces the formation of
glycogen which is the principal intracellular storage form of carbohydrate. The synthesis
of extracellular polysaccharides, which plays a role in bacterial attachment, from
carbohydrate sources is also inhibited by fluoride (Shimura and Onisi, 1978).
There is evidence to indicate that differences exist in the sensitivity of
microorganisms to fluoride. Metabolically active microorganisms (such as Streptococcus

mutans) that generate larger pH gradients, in an attempt to maintain the intracellular pH
near neutrality as external pH is decreased, are more sensitive to fluoride than
Lactobacillus casei and Actinomyces species (Hamilton et al., 1985). Fluoride
accumulates only in metabolically active cells capable of generating pH gradients.
Consequently it is considered that dead or metabolically inactive cells, such as might be
found in mature plaque, will not actively accumulate fluoride. This is probably why there
appears to be a negative correlation between plaque weight and fluoride content (Agus et
al., 1980; Rugg-Gunn et al., 1981).

2.4

FLUORIDE IN SALIVA AND CARIES ACTIVITY
In vitro studies indicate that minor elevations of the fluoride concentration in the
fluid surrounding the enamel influence the rate of enamel de- and re-rnineralisation
(Silverstone, 1977; ten Cate and Duijsters, 1982 and 1983).
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2. 4.1 Exogenous sources of fluoride in the mouth, and their
clearance
The concentration of fluoride in saliva is mainly determined by oral
exposure to fluoride in drinking water, beverages, food, toothpaste, and other fluoride
containing agents (Schamschula et al. , 1988 a; Oliveby et al., 1989 a). Following
systemic fluoride intake from food and drinks, fluoridated water, and fluoride tablets, the
fluoride is rapidly absorbed from the gastrointestinal tract into the blood plasma, and peak
plasma fluoride levels are reached in less than an hour (Ekstrand, 1977; Whitford and
Pashley, 1984). This is, however, a temporary situation, and the plasma fluoride
concentration falls to baseline within a few hours, due mainly to renal excretion and to
uptake by the hard tissues in the body (Whitford and Pashley, 1984). This temporary
increase in plasma fluoride concentration produces a corresponding increase in salivary
fluoride concentration (Oliveby et al., 1989 a, b, and c). Oliveby et al. (1989 c) found
that about 0.1-0.2% of an ingested 1 mg fluoride dose was recycled via the parotid
glands. A fraction of topically administered fluoride such as fluoridated toothpastes,
mouthrinses, or gels may be inadvertently swallowed as well and recycled via the
salivary glands to the mouth (Ekstrand, 1977; Oliveby et al., 1989 c).
Shannon and Edmonds (1972) showed that, following the
administration of 1, 3, 5, and 10 mg of fluoride, salivary fluoride levels increased
significantly within 5-15 minutes and peak levels were reached in 40-50 minutes. The
levels remained elevated above baseline for 2-6 hours. In the subjects receiving 3, 5, or
10 mg fluoride, the parotid saliva collected the next morning had significantly higher
fluoride concentrations than did controls. However, no step-wise elevation from day to
day based upon previous fluoride intake could be identified (Shannon, 1974). With the
highest dose of 10 mg of fluoride, salivary fluoride levels as high as 0.3 ppm (14
11mol/L) were achieved.
High levels of fluoride in saliva following the use of topical agents can
be achieved. Bruun et al. (1982) measured the fluoride concentration in mixed saliva at
different intervals following topical treatment with various agents such as dentifrices,
tablets, mouthrinse, and fluoride containing gels. Three distinctively different levels of
the fluoride clearance curves could be distinguished: a short-term level (1-2 hours)
related to the use of toothpaste, tablets, or chewing gum; an intermediate level (5 hours)
from the use of mouthrinses; and a long-term level (11 hours) following topical
application of gels.
One difference between fluoride and sugar with respect to clearance
from saliva is that fluoride may react with tooth mineral or calculus. The delayed
clearances seen with the higher concentrations imply that fluoride is being 'stored' in the
mouth and then released slowly (Weatherell et al., 1986). The CaF2 formed following

26

application of high doses of fluoride will act as a natural slow-release device (Larsen et

al., 1981). The concept that prolonged elevation of fluoride concentration in saliva has
important cariostatic potential, has led some investigators to study the oral
pharmacokinetic properties of various intra-oral slow and sustained-release delivery
systems for fluoride such as NaF lozenges, chewing gum, micro-encapsulated NaF in an
aerosol delivery system, or ethyl cellulose with NaP-containing films coated on an
orthodontic band (Mirth et al., 1982). The optimum concentration and the length of
time for which the ionic fluoride concentration should be raised for maximum therapeutic
effect is not known.
2. 4. 2

Concentration of fluoride in the oral fluids
Modern methods of fluoride analysis indicate that the fluoride
concentration in whole saliva is around 0.01-0.05 ppm (0.5-2.5 jlM) with an average of
0.02 ppm (1j.1M). Although the fluoride concentration of saliva appears low, it is in fact
between about three times and several hundred times the hydroxyl ion concentration
depending on flow rate, and is thought to be sufficient to enhance remineralisation of
incipient lesions and reduce demineralisation (Amjad and Nancollas, 1979).
The fluoride concentration in whole saliva is higher than corresponding
duct secretion concentrations because of exogenous sources retained in whole saliva
(Gr¢n et al., 1968; Yao and Gr¢n , 1970; Shannon, 1977). The concentration of
fluoride in parotid and submandibular saliva is similar and usually lies within the range
0.007-0.01 ppm (Gr¢n et al., 1968; Shannon et al., 1976; Shannon and Edmonds,
1977). Centrifuged whole saliva has concentrations of fluoride similar to parotid and
submandibular saliva. Most of the fluoride present in saliva is present either as free ions
or bound to bacteria, epithelial cells, or inorganic constituents at neutral pH, and is easily
extractable with acid or chelating agents (Jenkins and Edgar, 1977).
The concentration of fluoride in saliva, unlike that of most electrolytes,
appears to be independent of salivary flow rate and pH (Oliveby et al., 1989 a, b, and c).
The amount (not the concentration) of fluoride excreted in stimulated whole saliva is
significantly correlated with the salivary flow rate (Oliveby et al., 1989 b). The
concentration of fluoride in saliva also depends on the site of sampling because the
salivary clearance of fluoride is different at different sites (Weatherell et al., 1984).
2. 4. 3

Salivary fluoride levels and caries activity
Shields et al. (1987) analysed the fluoride content of stimulated whole
saliva collected from 277 children aged 12-15 years, residing in either a fluoridated or a
non-fluoridated community and with zero (DMFS=O) and high caries (DMFS=6+ in F
area and DMFS=8+ in NF area, with 1+active lesion in each case). They found no
statistically significant difference in the fluoride concentration of saliva collected from the
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children living in either the fluoridated or non-fluoridated areas. However, higher
salivary fluoride levels were seen in the zero-caries subjects than in the high caries
subjects and the difference was significantly higher in the fluoridated area. The timing
and frequency of collection of saliva was not reported. Yao and Gr¢n (1970) on the
other hand reported significantly higher fluoride levels in the whole saliva of children
from fluoridated (1ppm) than from non-fluoridated (<0.1 ppm) areas. This study was,
however, based on only one sample from each individual. In another study (Oliveby et

al., 1990), saliva samples were collected every 2 hours from 9 am to 9 pm for 46 hours
from 27 school children. The salivary fluoride levels in the low-fluoride (0.1 ppm) areas
were significantly (p<0.001) lower (0.1-2.9 J..Lmol/L) than the level found in the high (1.2
ppm) -fluoride areas (0.1-8.6 J..Lm/1).
As salivary fluoride levels in individuals fluctuate with the intake of
fluoride and show diurnal variations, frequent sampling is required if reliable data are to
be obtained to describe salivary fluoride levels. This is specially true in areas with
fluoride in the water supply as fluoride intake in these areas varies considerably
(Chowdhury et al., 1989). However, frequent sampling of saliva is feasible only when
the sample size is small. Besides foods and drinks, fluoride toothpastes contribute
significantly to the systemic fluoride intake specially in young children. It is therefore
possible that differences in salivary fluoride levels in fluoridated and non-fluoridated
areas may be different in different age groups. This needs further examination.
2.5

FLUORIDE IN PLAQUE AND CARIES ACTIVITY
2. 5.1 Fluoride levels in plaque
While the level of fluoride in whole saliva ranges from 0.01-0.05 ppm,
the concentration of fluoride in plaque is 10-1,000 times higher. Plaque has the ability to
concentrate fluoride, and potentiometric fluoride analysis indicates a total fluoride
concentration of 5-10 ppm (wet weight) (Agus et al., 1980; Rugg-Gunn et al., 1981;
Geddes and McNee, 1982). Comparatively higher values (up to 20 ppm) have been
found in plaque from subjects receiving fluoridated water (Singer et al., 1970; Ophaug et
al., 1987). As recent reports indicate that even small increases in salivary fluoride
concentrations may reduce enamel demineralisation, the much higher concentrations of
fluoride in plaque may have an even more significant role in the initiation and progression
of dental caries.
Sources of plaque fluoride include the diet, saliva, and crevicular fluid.
Enamel is considered unlikely to be a regular source for plaque fluoride unless it is either
coated daily with fluoride compounds, such as calcium fluoride, or released from enamel
by demineralisation (Jenkins and Edgar, 1977; MacFadyen et al., 1979).
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2. 5. 2 Nature and location of fluoride in plaque
Fluoride :in plaque is mostly in the bound form, and less than 5% of the
total fluoride is available as ionised fluoride under normal pH conditions in the mouth
(Tatevossian, 1990). More than 95% of the bound form, however, is released by cold
0.5 mol/L perchloric acid (Ophaug et al., 1987; Gaugler and Bruton, 1982). Some
studies indirectly suggest that bound fluoride in plaque is released by the pH fall
associated with the release of acids during sugar fermentation by microorganisms in vivo
(Hassell et al., 1971; Birkeland and Charlton, 1976; Agus et al., 1980).
It appears that the bacterial concentration of fluoride may be the main
reason why high levels of fluoride are found in dental plaque. The uptake of fluoride by
plaque bacteria is higher at a low pH, leading to the conclusion that the pH gradient
across bacterial cell membranes allows uptake of fluoride by non-ionic diffusion of HF
(Whitford et al., 1977 b). Within the cell, where the cytoplasmic pH is more alkaline
(Padan et al., 1981), the HF is expected to dissociate into H+ and F- ions; the latter are
then thought to be bound either :in the loosely bound ionisable fraction, or in the tightly
bound compartment (Hamilton, 1990).
Besides the intracellular concentration of fluoride, it also appears that
the plaque matrix may be involved in the concentration of fluoride in plaque (R~lla and
Bowen ,1977). There is evidence that plaque matrix contains numerous acidic groups,
and that these represent an ion exchange system (Singer et al., 1970; R~lla and Bowen,
1977). These acidic groups can bind calcium ions from the saliva, subsequently
attracting fluoride or phosphate through electrostatic forces (R~lla and Bowen, 1977).
2. 5. 3 Plaque fluoride levels and caries activity
The majority of investigators have used pooled plaque samples and
mean DMFT scores for the whole population in an attempt to show associations. There
is little epidemiological evidence of associations between individual caries experience and
total fluoride content of plaque (Agus et al., 1976 and 1980; Schamschula et al., 1978 a
and b). Agus et al. (1976) found significant inverse associations between total plaque
fluoride and :individual caries experience (DMFf) in two of the three groups of children
studied; however, both the groups in which significant associations were found had
received fluoridated water. There was no significant difference in the fluoride content of
plaque of subjects living in the two fluoridated areas. An inverse trend was found in the
third group which comprised children who had lived in a non-fluoridated area, but the
association was not significant. The fluoride concentration of plaque was found to be
significantly higher in children who were caries free than in children who had high caries.
Stiles et al. (1979) reported direct relationships between mean group
plaque fluoride and mean DMFS scores from three groups of children aged between 12
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and 18 years and drinking water with <0.1, 2, and 4 ppm fluoride respectively, as well
as between plaque fluoride and fluoride content of the water supply. However, Gaugler
and Bruton (1982) found no significant difference in the fluoride concentration of plaque
collected from naval recruits (on the first day of their arrival) coming from fluoridated and
non-fluoridated areas, but caries-free recruits had significantly higher mean plaque
fluoride than caries-active subjects.
Rigorous criteria are required to validate suggestions of a causal
relationship between fluoride levels in plaque and caries experience as such a relationship
may be influenced by dietary, microbiological, and local factors such. as area of
residence, and the efficiency and frequency of oral hygiene practices among individuals.
A longitudinal examination of this association is also desirable.

2. 6

SYSTEMIC FLUORIDE INTAKE AND CARIES ACTIVITY
2. 6.1 Optimal levels of fluoride intake
Any source of systemic fluoride available is of interest, as an excessive
intake during the period of enamel formation can cause enamel fluorosis; 'optimum'
dosages confer caries protection through fluoride recycling throughout the life of the
tooth (Newbrun, 1992). The threshold level of optimal fluoride intake beyond which
dental fluorosis may occur is not known accurately.
It is well established that enamel fluorosis can only occur while the
enamel is forming (Richards et al., 1986) and it is generally agreed that to avoid an
undesirable degree of dental fluorosis in humans the total daily fluoride intake in children
should not exceed 0.1 mgF/kg of body weight (American Academy of Pediatrics, 1986).
Recent reports, however, have suggested a lower threshold of 0.03 to 0.10 mgF/kg body
weight, at least for European children (Fejerskov et al., 1987).
McClure (1943) estimated that children living in fluoridated areas (1
ppm) and aged between 1-12 years received between 0.02-0.10 mg F/kg of body weight
from food and drinks. On average, they received between 0.05-0.07 mg F/kg of body
weight, and the fluoride intake in these areas rarely exceeded 0.10 mg F/kg of body
weight. Based on the data of McClure (1943), a total daily fluoride intake of 0.05-0.07
mg F/kg of body weight has been and still is frequently quoted in the literature as being
'optimal' for dental health in children aged 1-12 years (Ophaug et al., 1985). The early
estimates of the fluoride intake of infants and young children by McClure (1949) served
as a basis for calculating dosages of fluoride supplements for children residing in areas
with low levels of fluoride.
However, Aasenden and Peebles (1974) reported that 33% of children
taking fluoride supplements of 0.5-1.0 mgF/day in a non-fluoridated area (based on
McClure's findings) showed signs of mild to moderate dental fluorosis. This led to reassessment of the optimal levels of fluoride intake. The dosage of fluoride supplements

30

for children below 2 years was reduced from 0.5 mg/day to 0.25 mg/day (American
Academy of Pediatrics, 1986).
Enamel fluorosis in rat experiments occurred with single-peak plasma
fluoride levels of 0.2 ppm or more and with week-long lower plasma fluoride levels of
0.06-0.09 ppm (Angmar-Mansson et al., 1976; Angmar-Mansson and Whitford, 1984).
With longer periods of exposure, even lower plasma fluoride levels of 0.03 ppm induced
enamel fluorosis in rats (Angmar-Mansson and Whitford, 1984). It is not known
whether single or divided doses of fluoride have differing effects on human teeth. The
previously recommended dosages of 0.05 to 0.07 mgF/kg body weight from food and
drinks being 'optimal' needs to be reassessed.

2. 6. 2

Assessment of fluoride intake
Most foods, whether derived from plants or animals, have been found
to contain fluoride. Vast differences exist in the amounts of food eaten by subjects of the
same age, in food habits, in the type of commercially available foods and beverages, and
in the fluoride content of these food items. In addition, foods and beverages prepared
with fluoridated water may be consumed in communities without controlled water
fluoridation thus producing a "halo effect". Reports on the fluoride intake of infants and
young children have been based on the analysis of fluoride in commonly consumed
individual food items, with or without drinking water included (Wiatrowski et al., 1975;
Adair and Wei, 1978; Hattab and Wei, 1988), in composite food items (Singer and
Ophaug, 1979), in market-basket collections based on dietary surveys (Ophaug et al.,
1985; Pickston et al., 1985), in hospital diets (Kramer et al., 1974), in portions of
cooked or uncooked foods (Nanda, 1972), or by using information from standard food
tables (McClure, 1943). All these methods have estimated the quantity of each food
consumed.
The most accurate data on food consumption can be obtained by
collecting portions similar to that consumed by the subject and then analysing it for
nutrients (Abdulla et al., 1979; Birkhed, 1990; Chowdhury et al., 1990). All meals,
including those eaten outside the home during the survey, have to be collected. The
larger the proportion of 'outside' meals in the diet, the less accurate will the final
consumption data be; therefore this method is more suited to young children or
individuals in confinement, such as hospitalised individuals (Birkhed, 1990).
2. 6. 3 Fluoride intake from food and drinks
There are a few reports (Ham and Smith, 1950; Brunetti and
Newbrun, 1983) on the use of the duplicate-portion technique in the assessment of
fluoride intake of individuals, but they have been limited to people in confinement or to
small numbers of individuals. Brunetti and Newbrun (1983) used the duplicate-portion
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technique to determine the fluoride intake of 10 healthy children aged 3 and 4 years
resident in a fluoridated area. Duplicates of all food and fluid consumed over 2-4 days
were collected at home by the parents and pooled every 24-hours. The fluoride content
was analysed in the diffusates of the unashed homogenised sample. The average dietary
intake was 0.33±0.14 mgF/day. The range was not stated.
In a recent study, Chowdhury et al. (1990) used a 3-day duplicateportion technique to assess the fluoride intake of 65 healthy infants aged 11-13 months
selected randomly from fluoridated and non-fluoridated areas of New Zealand. The daily
dietary fluoride intake of infants in the non-fluoridated areas ranged from 0.04-0.31
mgF/day (mean=0.08 ± 0.05 mgF/day) or 0.004-0.04 mgF/kg body weight
(mean=0.009±0.006 mgF/kg body weight). In the fluoridated areas, the fluoride intake
ranged from 0.09-0.55 mgF/day (mean=0.26 ± 0.13 mgF/day) or 0.01-0.06 mgF/kg
body weight (mean=0.03 ± 0.01 mgF/kg body weight). When fluoride intake from
tablets and estimated values of intake from toothpaste were added, the differences in the
total fluoride intake of infants in the two areas narrowed and averaged 0.02 ± 0.02
mgF/kg body weight in the non-fluoridated area and 0.03 ± 0.03 mgF/kg body weight in
the fluoridated areas. Whether these levels of fluoride intake were 'optimal' was not
investigated.
Table 3 shows the results of studies on the fluoride intake of infants
and children in different parts of the world. While there are numerous reports on the
fluoride intake of infants and toddlers, there is a lack of data on the fluoride intake of
children 2-8 years old. This probably reflects the previous concept that fluoride absorbed
during the secretory phase of tooth development had the greatest effect on enamel
fluorosis. Dental fluorosis in permanent anterior teeth is of relatively greater aesthetic
concern than dental fluorosis elsewhere. Therefore, the fluoride intake of children less
than 2 years of age, a period during which the permanent anterior teeth are in the
secretory phase of development, received a great deal of attention through the 1970s and
1980s. Recent research, however, suggests that the later maturation stage of tooth
development is more critical for fluorosis than is the earlier, secretory phase (Richards et
al., 1986). Research evidence suggests that the critical time for fluorosis development in
anterior teeth may be after age 2 years (Richards et al., 1986; Evans, 1989).
Schamschula et al., (1978 b) obtained daily diet records of food and
beverage consumption for 7 consecutive days from parents of 67 children aged 3-4 years
and 118 school children aged 14 years resident in low (<0.11 ppmF), optimal (0.5-1.1
ppmF), and high fluoride areas (1.6-3.1 ppm F) in Hungary. The diet records were then
discussed individually and amounts consumed determined by interview. Mean daily
fluoride intake was calculated for each child from the 7-day individual diet records and
from the data on the fluoride content of corresponding foods and beverages. The mean
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Table 3

Fluoride intake of infants from diet alone reported from different countries.

F AREAS
mg/day
mglkgbw

REPORT

NF AREAS
mg/day mglkg bw

McClure
(USA, 1943)

1-3 yrs
4-6 yrs
7-9 yrs

0.42-0.83
0.56-1.11
0.70-1.38

Ham and Smith
(USA, 1974)

2 yrs

0.43-0.79

Wiatrowski et al.
(USA, 1975)

1-4 wks
2-3 mos.
3-4 mos.
4-6 mos.

Singer and Ophaug
(USA, 1979)

2mos.
4mos.
6 mos.

0.63
0.68
0.76

0.13
0.10
0.09

Brunetti and Newbrun
(USA, 1983)

3-4 Years

0.33

0.04

Ophaug et al.
(USA, 1985)

6 mos.
2 Years

0.42
0.62

Nandaetal.
(India, 1974)

0-12 mos. 0.07-0.21
1-2 Years 0.37-0.59
5-8 Years 1.14-2.08

Dabeka et al.
(Canada, 1982)

3-6 mos.
6-9 mos.
9-12 mos.

Phantumvanit et al.
(Thailand, 1986)

4mos.
5 mos.
6 mos.

Hattab and Wei
(Hong Kong, 1988)

6-11 mos.

0.23

Schamschula et al.
(Hungary, 1988)

3.9 yrs

0.72

Featherstone and Shields
(USA, 1988)

6mos.

0.40

0.05

0.20

0.03

Chowdhury et al.
(New Zealand, 1989)

11-13 mos. 0.26

0.03

0.08

0.01

0.42
0.48
0.56

0.03-0.10
0.02-0.09
0.02-0.07

0.32
0.71
1.02
1.23

0.07
0.12
0.15
0.16

0.05
0.10
0.15

0.01
0.02
0.02

0.05
0.05

0.35
0.21

0.04
0.03

0.06
0.06
0.05

0.25
0.27
0.28

0.04
0.04
0.03

0.14
0.13
0.09
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0.03
0.22

total daily fluoride intake from food, beverages, and water of children aged 3-4 years
increased from 0.22 (n=18) to 0.72 (n=28) to 1.11 (n=21) mg F/day with increasing
fluoride content of the water in the three different areas. The mean total daily fluoride
intake of children aged 14 years also increased from 0.30 (n=45) to 1.00 (n=37) to 1.49
(n=36) mg F/day with increasing fluoride content of the water in the three different areas.
Using bivariate linear regression analysis, Schamschula et al., (1988 b)
found a significant inverse association between caries prevalence and the daily fluoride
intake from the diet and from solid foods, beverages, and water, separately in 14-yearold children but not in children aged 3-4 years. The association between fluoride intake
from food and caries was stronger than the association between fluoride intake from
water and caries. This was thought to be the result of a decrease in consumption of tap
water as such by children in the Western world today. A significant positive relation
existed between fluoride intake from the diet and fluoride levels in saliva (Schamschula et

al., 1988 b). There are no other reports on the association between levels of fluoride
intake and caries experience. A longitudinal examination of this association is also
greatly lacking.

2. 6. 4

Fluoride intake from water and beverages
Fluoride intake from water depends on the fluoride content of the
drinking water and how much is drunk. This varies with age and body weight of the
individual, the climatic conditions, dietary habits, socio-economic conditions, and
muscular activity. Early data (Galagan et al., 1957; Walker et al., 1963) indicated that
total intake of fluids increases with age in children, but water consumption decreases with
age and varies directly with temperature. Walker et al. (1963) found that a daily intake of
tap water of 500 ml or more was rare, even among children over 12 years of age. In an
area in the US (temperature not stated), the daily fluoride intake of children aged 1-3
years (8-16 kg body weight) from drinking water containing 1 ppm was estimated to vary
from 0.4-0.6 mg (McClure, 1943). Children aged 2 years resident in Lucknow, India,
where the mean maximum and minimum temperatures in summer are 45°C and 38°C
respectively, ingested in excess of 500 ml of water per day and children aged 5-8 years
ingested as much as 1 L of water per day (Nanda et al., 1974). These studies concluded
that drinking water was the principal source of fluoride for these children, and
contributed more than half the total fluoride ingested from all foods and fluids.
Present dietary trends, however, indicate that many children consuming
a Western type of diet drink more pre-packaged fluids than tap water (Enno et al., 1976;
MacFadyen et al., 1982; Hattab and Wei, 1988). Today, beverages and milk formulae,
when processed or prepared with fluoridated water, are considered to be the main sources
of fluoride in infants and young children (San Filippo and Battistone,1971; Adair and
Wei,1978; Ophaug et al., 1985). Schamschula et al., (1988 a) found that the fluoride
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intake from water contributed only a small proportion of total dietary fluoride ingestion
due to the low consumption of water as such. In children aged 3-4 years, foods and
beverages together contributed 64-90% of average total daily fluoride intake; in 14-yearold children, the corresponding values were 58-77%. In both age groups the proportion
of fluoride from foods and beverages was higher in the non-fluoride areas, but the
proportion of fluoride derived from water was higher in the fluoride areas.
Clovis and Hargreaves (1988) collected 3-day fluid intake records
('Drink Diaries') from a total of 409 children with an average age of 12 years and resident

in fluoridated (1.08 ppm F) and nearby non-fluoridated (0.23 ppm F) areas of Canada.
The intake of all fluids, including water, milk, whole and reconstituted juices, carbonated
beverages, ales and punches, tea and coffee, as well as cereal and soup was recorded by
the child without parental assistance. The top four beverages ranked in order of
frequency of consumption and mean consumption were milk, water, carbonated
beverages, and other beverages prepared by adding tap water. Mean total daily fluid
intake was 1,211 ml. The range of fluoride intake from fluids alone in the fluoridated
and non-fluoridated areas was 0.40-2.45 mg and 0.02-0.82 mg respectively. The source
of fluoride intake in the non-fluoridated community was carbonated beverages
commercially prepared with fluoridated water.
The possible 'halo effect' of foods and beverages prepared with
fluoridated water being consumed in communities without controlled water fluoridation
needs further investigation.

2. 6. 5 Fluoride intake from toothpastes
Sodium-monofluorophosphate (MFP) (Na2P03F-) is the most common
form of fluoride in toothpastes. Some toothpastes contain NaF; others contain SnF2, or
amine fluoride (Newbrun, 1987). The fluoride concentration in toothpastes ranges from
250-1,450 ppm, but most contain 1,000 ppm fluoride. In New Zealand and Australia,
'Colgate Junior' contains 464 ppm of fluoride. All MFP dentifrices contain soluble
ionised fluoride in addition to the MFP anion. The fluoride ion may be released
following slow hydrolysis of MFP in the tube or may be incorporated as a contaminant in
the raw material (Pearce, 1974). The concentration of soluble fluoride in MFP dentifrices
ranges between 24-214 ppm depending upon the period of storage before use.
Whether the cariostatic action of MFP in toothpastes is the result of the
specific MFP anion or the fluoride ion has been debated. Ericsson (1967), found that
whole saliva had a marked hydrolytic action on MFP in saline, suggesting that bacterial
acid phosphatases were responsible for the enzymatic decomposition of P03F2- to
orthophosphate and fluoride. The caries-inhibiting property of the toothpaste was
attributed to the fluoride ion arising from the hydrolysis of MFP in the mouth. However,
Pearce and Jenkins (1976) showed that commercial MFP without any fluoride ion is
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hydrolysed in whole saliva more rapidly between pH=7 .2-8.6 than at the pH of saliva,
which ranges between 6.2-7 .4. They argued that the amount of fluoride that could be
released during the few minutes of brushing with the toothpaste is insignificant when
compared with the fluoride which is already present as an impurity in the MFP
toothpastes. However, they did not investigate the rate of clearance of toothpaste from
the mouth following brushing.
Several studies have reported that ingestion of dentifrice following
brushing is a common practice in children (Ericsson and Forsman, 1969; Barnhart et al.,
1974; Glass et al., 1975). The amount ingested is inversely related to age and directly
related to the amount applied to the toothbrush (Glass et al., 1975). The ingestion of
dentifrice by children ranges from essentially none to 100 percent (Whitford, 1987). In a
study (Ericsson and Forsman, 1969) of children aged 4-5 years, 26%-33% of the
dentifrice was not expectorated following brushing with 0.4-0.5 g of toothpaste. In a
study of children aged 8-10 years, Glass et al. (1975) found that 10%-29% of the total
amount of fluoride used during brushing was swallowed. For children less than 6 years,
the mean amount of toothpaste used per brushing has been reported to vary from 0.55 g1.38 g (Hargreaves et al., 1972; Barnhart et al., 1974). On this basis, it can be calculated
that, if a child brushed twice daily with 1.0 g of a dentifrice containing 1 mg Fig (1,000
ppm) of tooth paste and ingested on an average 25 percent of the paste, 0.5 mg ofF/day
from toothpaste alone would be ingested, an amount almost equal to that derived from
food and water.
There are no reports in the literature on the association between amount
of toothpaste used or the fluoride intake from toothpaste and caries activity.

2. 6. 6 Fluoride supplements
It is generally agreed that fluoride supplements, in the form of tablets,
drops, or lozenges, reduce dental caries if taken on a regular basis throughout early
childhood (Driscoll, 1978). However, in several studies the use of fluoride supplements
has been identified as the major risk factor for dental fluorosis (Pendrys and Stamm,
1990; Ismail et al., 1990). Accordingly, some current recommended levels of fluoride
supplementation, specially between ages 2 and 6 years, need to be re-assessed. In
addition, some studies have suggested that infants consuming soy-based formulae, which
contain high levels of fluoride, along with fluoride tablets, could be receiving greater than
currently recommended optimum daily dosages of fluoride (McKnight-Hanes et al.,
1988).

2. 6. 7

Fluoride mouthrinses
Several different fluoride mouthrinses formulated on an empirical basis

are available for self-use. A 0.2% fluoride solution recommended for use on a weekly or
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fortnightly basis, and a 0.05% solution recommended for daily use have been extensively
used (LeCompte, 1987). For very young children, it is recommended that 7 ml of the
solution be swished around the mouth for 30 seconds; for older children 10 ml of the
solution for 60 seconds is recommended (LeCompte, 1987). Several workers have
reported that in children older than 6 years, fluoride retention following the use of mouth
rinses is about 20% and that below the age of 4, children may swallow almost 100% of
the rinse (Whitford et al., 1987; LeCompte, 1987). Wei and Kanellis (1983) found that
preschool children usually swallow as much as 30-40% of the rinse. For this reason
fluoride mouthrinses are generally not recommended for use by children under 6 years of
age. Based on 7 ml of a 0.2% fluoride solution, a maximum of 6.3 mg of fluoride can be
ingested; if 40% is swallowed, the child would receive 2.5 mg of fluoride; if 20% is
swallowed, as might occur in older children, 1.3 mg of fluoride could be ingested from
this source alone.
In New Zealand some children at high risk of caries are prescribed
fluoride mouth rinses but the extent of their use is not known.

2. 6. 8

Other sources of fluoride exposure
Other sources of fluoride exposure include fluoride varnishes, gels,
and F-vitamin pills. Salt and milk are other vehicles of fluoride administration in some
countries but not in New Zealand. Fluoride is also found in some dental cements and
cavity liners, and in alginate impression materials. It is also found in organic
combinations in certain drugs and general anaesthetics which, in vivo , have been shown
to release some ionic fluoride. These include fluoride-containing benzothiadiazines used
as diuretics, fluorosteroids, phenothiazines and fluorobutyrophenones used as
tranquilisers, and anaesthetics such as methoxyflurane, enflurane, and halothane (Smith
and Ekstrand, 1988). Fluoride is also present in many organic compounds such as
teflon, polyvinylchloride plastics, freon refrigerants, aerosol propellants, and insecticides
such as DDT (Luoma et al., 1986).

2.7

ANALYTICAL METHODS FOR FLUORIDE
2. 7 .1 Measurement of fluoride in foods and drinks
Fluoride in foods exist either as inorganic or organic/covalent fluoride.
Inorganic fluoride may exist in three states namely (a) ionic fluoride (F-), (b) nonionised
fluoride, bound to metal ions such as CaF2, MgF2 etc., and (c) nonionised fluoride
bound to macromolecules (eg protein-Mg-F). Organic or covalent fluoride, depending on
the strength of the covalent bond, may be subdivided into (d) acid-labile fluoride, (e)
alkali-labile fluoride, and (f) acid/alkali stable fluoride (Venkateswarlu, 1984). Water and
drinks contain forms (a) and (b). Most foods contain forms (a), (b), (c), and (d).
However, in addition to these four forms, some foods such as human and cow's milk,
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soy-based formulae, cereals, and black pepper contain forms (e) and (f) as well
(Venkateswarlu, 1984). The most likely source of this fraction of organic fluoride in
cereals is a perfluorinated, long-chain, carbon-compound contaminant (Taves, 1983).
The biological importance, if any, of this fraction of bound fluoride is not known (Taves,
1983).
There are discrepancies in the published data for fluoride content of foods,
probably because of the use of different analytical techniques and analytical difficulties.
One of the most significant advances in methods for fluoride determination has been the
fluoride ion electrode developed by Frant and Ross in 1966. The electrode is used to
determine fluoride ion activity over a wide range, down to 0.02 ppm, even in the
presence of several other ions. Although ionic fluoride can be measured directly by the
fluoride electrode, samples containing the nonionised fluoride forms require preliminary
treatment such as chelation, ashing, or fusion, and separation and concentration of the
fluoride ion, which can be done by diffusion, adsorption, or reverse extraction
(Venkateswarlu, 1984).
The total fluoride (ionic + nonionised fluoride bound to metal complexes)
content of water and drinks can be directly measured by the electrode following the
addition of metal-chelating agents such as EDTA and citric acid. In most foods, the
inorganic (ionic+ nonionised fluoride bound to metal complexes + nonionised fluoride
bound to macromolecules) and acid-labile organic fraction of fluoride can be isolated by
acid-diffusion from the unashed food sample (Taves, 1968). A commonly employed
method for analysis of fluoride in foods is the micro-diffusion technique as described by
Taves (1968).

It involves 12-18 hours' diffusion of the sample at 25° C with

hexamethyldisiloxane (HMDS) and HCl into 0.1 m1 of 0.65 M NaOH which is then dried
down and dissolved in buffer solution. Fluoride in the solution is then measured with the
fluoride electrode which is calibrated with appropriate standardised fluoride solutions. In
this calibration curve technique the concentration of the sample is determined by
comparison with the standard fluoride solutions (Orion Instruction Manual, 1988). The
acid-stable bound form of fluoride is available for measurement only after destructive
methods of analysis, such as ashing. The high temperatures (300-600° C) used in ashing
destroy the organic portion of food to which fluoride may be bound, enabling this
fraction of bound fluoride to be measured. Analysis of total fluoride (ionic + acid labile +
acid stable fractions) in foods has for many years been a difficult problem due either to
organic bonding or the loss of fluoride during ashing. As the majority of foods do not
contain the acid stable fraction of fluoride, ashing procedures are considered unnecessary
in the analysis of fluoride in foods and drinks (Taves, 1983).
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2. 7. 2 Measurement of fluoride in saliva
There are discrepancies in the published data on the concentration of
fluoride in the oral fluids. This is because the concentration of fluoride in saliva is very
low, except for a short period after fluoride has been ingested, inhaled, or applied to the
teeth. Often this low level is close to the limit of analytical detection. The small volumes
available from ductal secretions create further analytical problems: ductal secretions are
often difficult to sample, and the concentrations fluctuate according to the serum fluoride
levels (Geddes and R¢lla, 1988).
Although the fluoride electrode can measure down to 0.02 ppm, the
response of the electrode becomes non-linear when concentrations of fluoride less than
0.4 ppm are measured; the electrode approaches the lower limits of detection at 0.2 ppm
(Orion Instruction Manual, 1988). Therefore extreme care must be taken in making
determinations in samples such as saliva or plasma which contain less than 0.4 ppm. The
known-addition technique is recommended when measuring fluoride concentrations at the
limit of detection of the electrode (Ekstrand, 1977). The electrode is immersed in the
sample solution and an aliquot of a standard fluoride solution is added to the sample
solution. The original sample concentration is determined from the change in potential
before and after the addition, and no calibration curves are required (Orion Instruction
Manual, 1988).
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3. FACTORS OTHER THAN FLUORIDE AFFECTING
CARIES ACTIVITY
Several factors other than fluoride influence caries activity. The measurement of
all possible determinants of a multifactorial disease such as caries is extremely difficult.
A number of these factors have been used to predict future caries incidence and to identify
children at risk of caries, but no one variable has been found to be superior than the other
(Hunter et al., 1988; Demers et al., 1990). Moreover, most epidemiological surveys
attempting to identify the factors which influence the prevalence and incidence of caries
within a population have reported the results as means of decayed, missing, and filled
teeth (DMFf) or decayed, missing, and filled surfaces (DMFS) (Dummer et al., 1990).
Most of the studies have been cross-sectional in design. Longitudinal surveys, in which
changes in the activity of the carious lesion are monitored periodically and related to
multiple factors known to influence caries, are greatly lacking.

3.1

SALIVARY FACTORS AND CARIES ACTIVITY
The role of saliva in maintaining tooth integrity is considered to be a combination

of mechanical cleaning and carbohydrate clearance; posteruptive maturation of enamel
through the diffusion of ions such as calcium, phosphorous, fluoride and other trace
elements in saliva; regulation of the ionic environment in plaque fluid to provide a
remineralising potential without spontaneous precipitation; and pellicle deposition and
limitation of acid diffusion (Jenkins, 1978; Dawes, 1984; Mandel, 1989). The cariesprotective effects of saliva are accomplished by means of several processes, such as the
secretion rate, buffer capacity, calcium and phosphate concentrations, and various
antibacterial systems (Jenkins, 1979; Sweeney, 1979).
3 .1.1

Flow rate of saliva
Values for unstimulated whole saliva secretion over a waking period of

16 hours have been found to average about 0.3 ml/min (Shannon, 1974; Heintze et al.,
1983; Tylanda et al., 1988). However, a wide range of values occurs in healthy
individuals, with high standard deviations of the means; those with low values do not
always show symptoms of dry mouth (Levine, 1989). The unstimulated salivary flow
rate shows a circadian rhythm of high amplitude, with an acrophase (peak value) in the
afternoon, dropping almost to zero during sleep, during which the salivary composition
changes (Dawes, 1972). Unstimulated salivary secretion rate of less than 0.1 ml/min in
most individuals is associated with xerostomia and an increase in caries activity in both
man and animals (Dreizen and Brown, 1976; Krobicka et al., 1987). Xerostomia-related
dental caries, if left untreated, progresses rapidly and causes severe destruction of teeth
(Dreizen et al., 1977). Lack of secretion from a gland on one side can result in unilateral
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rampant caries on the affected side (Gurley, 1939). The caries activity in children was
found to increase following surgical treatment of drooling in patients with neurological
disorders (Ericson et al., 1973).
The stimulated flow rate of whole saliva ranges from 0. 7 5 ml/min to as
high as 7 ml/min (Shannon et al., 1974; Heintze et al., 1983; Watanabe and Dawes,
1988 a and b), and this variation is mainly from the use of different stimulants by
researchers. The nature of the stimulus used is particularly important, acid being the
most potent gustatory stimulus (Shannon, 1972; Watanabe and Dawes, 1988 a and b).
Citric acid (the most potent concentration being 5%) (Watanabe and Dawes, 1988 a and
b) and sour lemon drops are commonly used stimulants. However, even the most bland
food (boiled rice) can elicit 43% of the maximum flow rate produced by 5% citric acid
(Dawes, 1990). In comparison with other foods, chewing gums, which are generally
sweet, elicit a low flow rate because the sweet stimulus is the least effective of the taste
stimuli (Watanabe and Dawes, 1988 a; Dawes, 1990). However, the mechanical action
of chewing over a long period is thought to be beneficial as it stimulates flow rate and
enhances clearance of sugars and acids from the mouth (Dawes, 1990).
The secretion rate of saliva has been shown to be of great importance in
the clearance of substances from the mouth (Dawes, 1983). Clearance of carbohydrates
and acids from the mouth appears to be one of the most important caries-preventive
functions of saliva, as slow clearances increase the caries risk (Adorjan and Stack, 1976;
Dawes, 1983). Clearance time is affected by secretion rate, viscosity of saliva, muscular
activity, and retentive factors in the dentition (eg cavities, dentures). Recent studies by
Weatherell and co-workers (1989) have shown that there are marked differences in the
rates of migration and clearance of substances in different regions of the mouth. In
general, clearance is more rapid from lingual than from buccal sites, and most rapid of all
from beneath the tongue. Clearance was slowest from the upper anterior labial vestibule,
often many times slower than from the lower labial vestibule. In the posterior parts of the
mouth, the situation is the inverse; clearance was greater from the upper buccal site.
These variations seem to depend largely upon the anatomical disposition of salivary
ducts, and the the rate of salivary secretion. In general, it can be said that the site of the
highest concentrations of fluoride will coincide with the highest levels of sugar. Such
differential patterns in concentration might also relate to patterns of oral disease. The
tendency for sugar to remain in the upper labial vestibule could explain why the labial
surfaces of the upper anterior teeth are more prone to nursing caries. The tendency for
fluoride to remain in the upper vestibule has been hypothesised to be the reason for the
greater effect of water-borne fluoride on caries in upper versus lower incisors (Murray,
1969).
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Various attempts to establish a direct relationship between caries and
flow rate of saliva within normal variations without taking into account other variables
have not been successful (Mandel, 1974; Klock and Krasse, 1979; Sweeney, 1979;
Sreebny, 1984). Although some studies have shown a tendency for persons with very
low-caries activity to show a relatively higher salivary flow rate than caries-active persons
(Ericsson et al., 1954; Shannon and Terry, 1965; Kapsimalis et al., 1966; Turtola,
1977 a), only a few studies have shown statistically significant differences between these
groups. A significant correlation between the salivary secretion rate and caries experience
has been reported only in primary teeth (Crossner and Holm, 1975 and 1977).
The concentration of most electrolytes varies with flow rates, which in
turn vary with the type, intensity, and duration of the stimulus (Dawes, 1969; Dawes,
1975). Upon stimulation, there is an increase in the ionic concentrations of Na+, HC03-,
Cl-, and protein; the concentration of HP04- decreases; and K+ and F- levels remain
constant (Dawes, 1975). Therefore stimulated saliva, because of changes in its
composition, is considered to be better able to prevent demineralisation and to favour
remineralisation of early carious lesions than is unstimulated saliva.

3 .1. 2 Calcium and phosphate concentrations in saliva
The physico-chemical equilibrium between the enamel hydroxyapatite
and the ions in saliva is written as follows: Caw (P04)6 (OH)2 <==> 10Ca2+ + 6P043+ 20H- (Feagin et al., 1971). Whether the enamel mineral will or will not dissolve
under any given circumstance is thought to depend on whether the activity product of the
ions (Ip) in saliva [Ip= (Ca2+ )10 x (P043-)6 x (OH- )2] is less than or greater than the
solubility product constant for hydroxyapatite (KHAP) (Feagin et al., 1971). The total
concentration of calcium and phosphate in saliva varies between individuals and within
the same individual, depending on the rate of flow and on the proportion of saliva arising
from the parotid and submandibular glands. (McCann, 1968; Dawes, 1975).
Unstimulated parotid saliva has less calcium but a higher phosphate ion concentration
than does submandibular saliva, and the minor mucous secretions have a very low
phosphate ion concentration. The average figures quoted for the concentration of calcium
and phosphate in unstimulated mixed saliva are 2mM and 6mM respectively (Ericson and
Makinen, 1986). Calculations of the activity products of the phosphate and calcium ions
in saliva show that, at equilibrium, saliva is usually supersaturated with respect to
hydroxyapatite (Gr¢n, 1973 a; Hay et al., 1982). This forms an important natural
defence mechanism against dissolution of mineraL
However, despite the apparent supersaturated state of saliva with
respect to hydroxyapatite, spontaneous precipitation (homogeneous nucleation) on
enamel does not occur (Hay et al., 1982). A number of rather small-molecular-weight
proteins such as statherin which bind Ca++ very strongly have been identified, and these
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have been found to inhibit crystal growth (Hay eta!., 1982). When the pH is lowered
from physiological levels, part of the complexed calcium and phosphate is released and
added to the pool of ionic calcium and phosphate. Consequently, enamel apatite is
protected from going into solution (Larsen and Bruun, 1986). However, further
lowering of pH has been found to result in depletion of the pool of complexed calcium
which would then cause the saliva to be undersaturated with respect to calcium and
phosphate ions; at this point enamel apatite could start dissolving. This level is called the
critical pH level and is expected to vary from individual to individual (Larsen and Bruun,
1986). The 'critical pH range' has been a useful yardstick as the limit below which
enamel mineral is believed to dissolve, and above which teeth are considered stable in the
oral environment.
With an increase in flow rate, the phosphate concentration in saliva
tends to fall, whereas the calcium concentration falls initially but then rises at higher flow
rates (Dawes, 1975). Theoretically, a decreasing phosphate concentration would result in
a fall in the Ip (activity product of ions in saliva) and cause undersaturation of tooth
mineral in saliva. However, despite the fall in total phosphate concentration as flow rate
increases, the Ip has been found to increase (Dawes, 1984). This is because, as the flow
rate increases, so does the bicarbonate concentration and therefore the pH of saliva
(Dawes, 1975). A high pH alters the balance of the different phosphate ions to each
other, as governed by the following equilibria (Larsen and Bruun, 1986):
P043- + H+ <=====>HP042At pKa of 12.3
HP042- + H+ <=====>H2P04-

AtpKaof 7.1
AtpKa of 2.1

H2P04- + H+ <=====>H3P04
Therefore a high pH results in a fall in H2P04- and an increase in HP042- and a marked
increase in P043-. Thus, although the total level of phosphate falls with increasing flow
rate, the phosphate ion P043- , actually increases. In addition, the high pH increases the
hydroxyl ion concentration. Therefore the three components of the ion product -calcium,
phosphate, and hydroxyl ion- that determine the solubility of tooth mineral, increase with
salivary flow and increase the effect of saliva in reducing demineralisation and promoting
remineralisation of teeth.

3 .1. 3

Buffering capacity of saliva
Among its numerous functions, saliva is a buffer. The bicarbonate
ions have been found to be the most important buffer system in the ~aliva but only at high
flow rates (Wah Leung, 1951; Helmet a!., 1982). The salivary proteins have some
buffer capacity only at very low pH values; the concentration of the phosphate system is
lower than the bicarbonate system and has very little effect on the pH of saliva (Dawes,
1984). The buffer capacity of saliva is defined as its ability to correct pH changes caused
by concentration changes of acidic or basic ions in the oral cavity (Ericson and Makinen,

43

1986). The buffering capacity is directly proportional to the concentration of the
buffering acid in saliva and reaches its maximum when pH=pK (Ericson and Makinen,
1986).

The bicarbonate buffer system (pKa=6.1-6.3) is based on the following

equilibrium: H2C03 = HC03- + H+. The dissociation constant (K) of the acid can be
written as:
[H+] [HC03-]

K

=----

H2C03
From this equation it appears that, when the concentrations of HC03- and H2C03 are
equal, the buffering capacity of carbonic acid/bicarbonate system is maximum since the
pH of the solution is equal to the pK which is 6.1-6.3 (Larsen and Bruun, 1986). The
carbonic acid is very unstable and occurs only transiently, giving rise to C02 and water
(C02 + H20 = H2C03 = HC03- + H+). When acid is formed or added to this system at
physiological levels of pH, the protons are taken up by HC03-. As long as bicarbonate
ions are present, no change in pH will occur. The equilibrium is maintained by a shift to
the left in the above equation. The C02 in dissolved state changes to gas phase and this
phase change leads to escape of C02 which provides an additional mechanism for acid
removal. The pH value can rise to 8.0-8.5 due to this phase buffering reaction. The
higher the bicarbonate concentration, the higher will pH rise (Larsen and Bruun, 1986;
Dawes, 1984).
The phosphate buffering system functions in a fashion similar to the
bicarbonate system except that no phase change is involved. The phosphate buffer
system at physiological pH consists of H2P04- and HP042 ( H2P04- <---------->
HP042+ H+) and this system has a pKa of 6.8-7.0, which falls within the normal
salivary pH values. This allows the phosphate system to operate near its maximum
buffering power at normal salivary pH values.

However, because of its low

concentrations it is a much less effective buffer than the bicarbonate system (Larsen and
Bruun, 1986).
Bicarbonate and phosphate are able to diffuse into the dental plaque to
neutralise acid formed from carbohydrate by the microorganisms (Abelson and Mandel,
1981). Exposure of plaque to stimulated saliva reduces the extent to which the pH falls
after carbohydrate consumption (Abelson and Mandel, 1981). The higher the salivary
flow rate, the greater will be its buffering capacity (Larsen and Bruun, 1986). Some very
early studies showed that a diet rich in proteins and vegetables increases the buffering
effect of saliva (Wills and Forbes, 1939, Ericsson, 1959). However, as the salivary
secretory rate was not assessed in these studies, it is not known whether the buffering
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capacity was affected per se or indirectly via an altered secretion rate. According to
Dawes (1970), there is little evidence that different diets can alter salivary buffering
capacity, and there is indication that any changes in the buffering capacity of saliva due to
changes in diet might take some time to develop (Johansson, 1986).
Ericsson et al. (1954) evaluated the results of 21 reports published up
to 1954 and concluded that an inverse relationship exists between buffering capacity and
caries experience. The Vipeholm study (Gustafsson et al., 1954) showed that cariesactive subjects had a lower buffering capacity than caries-inactive subjects. Some other
studies have shown the negative correlation between caries and buffer capacity (Crossner
and Holm, 1975 and 1977; Agus and Schamschula, 1983). However, in a number of
other studies the salivary secretion rate and buffering capacity have been tried as single
caries predictors and in combinations with other variables, without great success (Klock
and Krasse, 1979; Pienihakkinen, 1987; Sullivan and Schroder, 1989; Sullivan, 1990).
The saliva of patients affected with cystic fibrosis has been reported as having a higher
pH and buffering capacity and these patients have been found to have a lower caries
experience than unaffected controls (Kinirons, 1983). Whether the medications taken
could have altered the oral rnicroflora and thereby affected caries activity was not reported
on.

3. 1. 4 pH of saliva
The two buffering systems act together to keep salivary pH above 6
(Ericson and Makinen, 1986). The bicarbonate concentration in unstimulated saliva is
very low (<1mmol/L), and such saliva is poorly buffered, with a pH as low as 5.3; at
high flow rates, however, the salivary bicarbonate concentration may reach as high as 60
mmol/L. This type of saliva is well buffered, with a pH as high as 7.8 (Dawes, 1975).
Therefore an increased salivary flow rate is protective to the teeth as it not only facilitates
the mechanical clearance of carbohydrates from the mouth, but it also buffers the acids
present in the plaque. For clinical purposes it appears that the numerical value of buffer
pH is less important than whether it stays above pH 5.5-6.0. Below pH 6 the buffering
functions of saliva start to disappear.
The pH of saliva has been thought to have an influence on the initiation
of caries. Some studies have found that caries-active subjects have a lower salivary pH
than caries-inactive subjects (Ericsson et al., 1954; Valentine et al., 1978). The use of
this single variable in predicting future caries has not been successful because of the
multifactorial nature of caries (Klock and Krasse, 1979).
3 .1. 5 Anti-bacterial systems in saliva
Saliva acts as a selective media for oral micro-organisms, the
composition of the oral rnicroflora appearing to depend on the type of salivary proteins
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present (Dawes, 1990). Saliva exerts control in maintaining the proper ecological balance
of the oral flora by interfering with the adherence of many bacteria, not only by
mechanical clearance, but also by the presence of proteins- mainly by secretory IgA
(McNabb and Tomasi, 1981), lysozymes (Pollock et al., 1976), and parotid basic
glycoprotein (Shibata et al., 1980). The immune response of the individual is therefore
thought to be of considerable importance in determining the pattern of colonisation of
microorganisms in the mouth (Lehner et al., 1978).
Saliva has also direct antibacterial activity which is exerted by the
presence of lysozymes (Twetrnan et al., 1986), histidine-rich peptides (MacKay et al.,
1984), lactoferrin (Lassiter et al., 1987), and salivary peroxidases (Tenovuo et al.,
1981).

These components of saliva can interfere with acid production and/or

multiplication of certain bacteria, or kill them directly. In addition, lactoferrin acts by
binding iron and depriving bacteria of this nutrient (Lassiter et al., 1987). The enzyme
lactoperoxidase, secreted by the parotid and submandibular glands and plaque bacteria,
aids hydrogen peroxide (produced by oral bacteria) in oxidising the relatively unreactive
thiocyanate to hypothiocyanate which interferes with bacterial metabolism (Tenovuo et

al., 1981). The antibacterial properties of each of these proteins can be augmented by
interaction with each other and with mucin (Tabak et al., 1982). Twetman et al. (1981)
found a statistically significant difference in the lysozyme activity between caries-free
and caries-active children.
Salivary IgA is thought to prevent the adherence of cariogenic microorganisms to hard surfaces (Olson et al., 1972) and to inhibit the activity of
glycosyltransferase (Evans and Genco, 1973). A number of cross-sectional studies have
reported higher total IgA concentrations in stimulated whole (Lehner et al., 1967) and
stimulated submaxillary (Zengo et al., 1971) saliva of caries-free subjects than in cariesactive subjects. Other cross-sectional studies have found no significant differences in the
IgA concentrations in stimulated or unstimulated whole saliva (Shklair et al., 1969;
Everhart et al., 1972; Twetman et al., 1981) or parotid saliva (Shklair et al., 1969;
Zengo et al., 1971) of caries-free and cares-active subjects. 0rstavik and Brandtzaeg
(1975) found that a high flow rate was associated with significantly low concentrations of
IgA. No significant correlation existed between total IgA concentration and DMFT score
or salivary flow rate and DMFT score, but a significant negative correlation was found
between parotid total IgA secretion rate (calculated from IgA concentration and flow rate)
and DMFT score. Thus the IgA secretion rate

(~g/min)

seems to be a better measure of

an individual's parotid IgA output than the absolute concentration

(~g/ml)

of IgA.

0rstavik and Brandtzaeg (1975) found that periodontal inflammation and caries
experience are conversely associated with salivary IgA secretion rate, suggesting that the
coexistence of these conditions may tend to obscure the true association of salivary IgA
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with either of those two. It has been suggested that the measurement of salivary IgA
levels to purified antigens (such as glycosyltransferase) derived from cariogenic
microorganisms, instead of to a number of antigens present on the bacterial cell, provides
a far more reliable method for evaluating the contribution of salivary IgA to caries
resistance (Bolton and Hlava, 1982).

3.2

MICROBIAL FACTORS AND CARIES ACTIVITY
Streptococcus mutans and Lactobacilli counts in saliva are recognised as
important indicators in caries development and progression respectively (Klock and
Krasse, 1979; Crossner, 1981; Bowden eta!., 1983). High levels of S. mutans in
plaque have been associated with high caries prevalence (Loesche eta!., 1984) and
incidence (Burt eta!., 1983). A positive correlation has also been found between S.
mutans in saliva and caries prevalence (Carlsson eta!., 1985; Klock and Krasse, 1987)
and incidence (Newbrun eta!., 1984; Zickert eta!., 1987).
The number of Lactobacilli reflects the level of consumption of sugar (Bowden
eta!., 1983). A positive correlation has been found between salivary Lactobacilli and the
prevalence of caries or filled surfaces (Klock and Krasse, 1977 and 1987). Over a period
of 2.5 years, children with high initial level of Lactobacilli developed almost twice as
many new carious lesions as children with a low level (Crossner and Unell, 1986).
The levels of Lactobacilli and S. mutans in saliva are known to increase with
age. Although S. mutans is found in children as young as 2 years (Alaluusua and
Renkonen, 1983; Beighton eta!., 1987), the level of Lactobacilli has been found to be
very low among children under age 8 (Beighton eta!., 1987; Stecksen-Blicks, 1985).
The earlier the colonisation, the higher is the caries prevalence (Alaluusua and Renkonen,
1983; Kohler et al., 1988). The use of S. mutans and Lactobacilli counts in identifying
children at risk for caries, however, has not been very successfuL
DIETARY FACTORS AND CARIES ACTIVITY
Diet is considered to play a central role in the development of dental caries
(Rugg-Gunn, 1983). The local effects of diet on plaque metabolism, and specifically on
acid production, appear to be more important for caries than the systemic (nutritional)
effects on tooth development and saliva composition (Theilade and Birkhed, 1986).
3.3

3. 3.1

Nutritional effects of diet on caries activity
Epidemiological surveys, most of which have been cross sectional,
have not been able to establish any relationship between nutritional deficiencies and
increased caries activity (Russell, 1963; Navia, 1970). In fact, groups with fewer
nutritional deficiencies have been found to have greater problems with caries (Jenkins,
1985; Theilade and Birkhed, 1986). Similarly nutritional effects on saliva composition
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are not considered to be important for dental caries, unless the dietary deficiencies are
very severe as in long-term malnutrition (Dawes, 1970; Birkhed et al., 1984). In animal
experiments (Johansson, 1986), a short-term, moderately protein-deficient diet (5%) was
found to cause a significant increase in susceptibility to caries; long-term gross
malnutrition caused reduced activity of salivary peroxidase and a strong increase in caries
activity. Johansson et al. (1984) found that short-term starvation in adults led to changes
in salivary composition and reduced flow rate. Whether these changes affect dental caries
was not investigated. In studies of children suffering from protein-calorie malnutrition in
developing countries, IgA has been found to be reduced in saliva (McMurray et al.,
1977). As pointed out earlier (section 3.1.5), some studies have shown a negative
correlation between salivary IgA levels

(~g/ml

and

~g/min)

and caries, whereas others

have failed to show any significant correlation. Although early clinical studies in children
indicated that imbalances in the ratio of Ca: P, or the lack of Vitamin A, Vitamin C, and
phosphates in the diet, may increase the susceptibility of the individual to caries,
subsequent studies failed to confirm this (Navia, 1970).
However, there is some evidence that nutrition has a role to play as a
modifying factor in dental caries both pre- and post-eruptively. Firstly, the daily use of
fluoride supplements from birth by children less than 12 years of age has been found to
result in significant reduction in caries (Aasenden and Peebles, 1974). In addition, trace
elements other than fluoride in food and water are reported to be associated with reduced
(P, Mo, Sr) or increased (Se, Mg, Cd, Pb) caries rates (Curzon, 1983). Secondly, the
prevalence of enamel hypoplasia has been found to be significantly higher in vitamin D
deficiency and related disorders, and is thought to be linked specifically to defects in the
homeostasis of calcium (Nikiforuk and Fraser, 1981). It is suggested that the most likely
reason for linear enamel hypoplasia seen in children of lower socio-economic groups is
hypocalcaemia, induced by severe diarrhoea at the time of tooth mineralisation
(Nikiforuk, 1979). Children with such defects have a higher prevalence of dental caries
(Infante and Gillespie, 1977; Schamshula et al., 1978 a).

3. 3. 2

Local effects of diet on caries activity
Animal and human studies have firmly established that dietary
carbohydrates (monosaccharides such as glucose, fructose, and galactose; disaccharides
such as sucrose, maltose, and lactose; and polysaccharides or starches) are cariesconducive and that they exert their cariogenic effect locally on the tooth surface (Scheinin
and Makinen, 1975; Birkhed et al., 1980 and 1981). Various indirect methods have
been used in assessing the potential of foods that promote caries in humans under
conditions conducive to caries formation (Curzon, 1986; Stookey, 1986). In general,
foods which result in a drop in the pH of plaque to below 5.5-5.7 are considered to be
detrimental to teeth (Jensen and Schachtele, 1983). Some other agents with cariostatic
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properties have been detected in foods, although defmite evidence for a significant effect
on human caries is generally lacking (Nikiforuk, 1970; Jenkins, 1985). In addition to
the chemical composition of foods, the particle size, solubility, adhesiveness, texture,
and taste are important for cariogenicity because they influence oral clearance of foods
(Lanke, 1957; Dawes, 1983). The interactions of the cariogenic potential of foods, the
physical state of the diet, and the frequency of eating seem to contribute independently
and in unison to the carious process (Birkhed, 1990).

Foods with cariogenic potential
3.3.2.1
Sucrose refined from sugar cane or sugar beets is the most common
dietary sugar. It is present in sweet confectionary and in fruits, drinks, breakfast cereals,
and even in items such as ketchup and salads. Sucrose is considered more cariogenic
than other sugars (Theilade and Birkhed, 1986). Although there is controversy
concerning the relative destructiveness of different fresh fruits to tooth enamel, there is
general agreement that various fruits (such as apples, grapes, bananas ) have the potential
to cause demineralisation of enamel (Grobler and Blignaut, 1989; Sintes, 1990). Dried
fruits such as raisins, figs, dates and others are even more cariogenic due to higher sugar
content and a longer retention time (Theilade and Birkhed, 1986). Packaged fruit juices
including those marked 'no sugar added', contain substantial quantities of sugar and can
cause rapid falls in pH (Duggal and Curzon, 1989). Tiegen et al. (1981) showed that
vegetarian diets containing large amounts of fruits and vegetables have a high cariogenic
potential. A Finnish study (Dwyer, 1988) found that lactovegetarians had greater dental
caries and had lower salivary flow rates and pH.
Starch-containing foods such as bread, biscuits, and potato chips can
cause a pH drop in saliva. In some experiments this increase in acidity was similar to that
caused by sugars (Mormann and Muhlemann, 1981). In animal experiments, mixtures of
starch and sucrose (such as sweetened cereals, cookies, biscuits, and cakes) were more
caries-inducing than sucrose alone, probably due to prolonged retention (Bowen et al.,
1980; Firestone et al., 1982). Peanuts, gelatin dessert, com chips, and yoghurt were
reported to have the lowest cariogenic potential index (CPI), whereas foods such as
sucrose, granola cereal, french fries (due to presence of starch), bananas, cupcakes, and
raisins were reported to have the highest CPI (Mundorf et al., 1990). In the latter study
there appeared to be no simple relationship between food sucrose content and caries. The
cariogenic potential of foods was associated with foods containing approximately 1% or
more hydrolysable starch in combination with sucrose or other sugars (Mundorf et al.,
1990).
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3.3.2.2

Cariostatic factors in food

Various phosphates found naturally in some foods such as unrefined
cereals have been found to reduce the solubility of hydroxyapatite in vitro . They appear
to have a caries reducing effect when added to cariogenic diets in experimental caries in
humans (Edgar et al., 1978; Shibata and Morioka, 1982) but this could be the effect of
fluoride present in high concentrations in some phosphate products. Clinical trials with
phosphates added to sugar products and cereals have, however, failed to show any
caries-reducing effect in humans (Tatevossian et al., 1975). A number of animal and
human studies have found a substantial reduction in caries by the addition of NaF to a
high-sugar cariogenic diet (Luoma et al., 1979; Luoma, 1985). Besides fluorides,
inverse associations have been found between caries experience in individuals and
concentrations of calcium, phosphorus, magnesium, strontium, and lithium in plaque
(Schamschula et al., 1978 b).
Fats seem to reduce the cariogenicity of foods, but it is not clear how
and to what extent. Certain fatty acids with antimicrobial effects can inhibit glycolysis in
human dental plaque (Hayes, 1981). Fatty acids added to a high sucrose diet cause a
reduction in caries in animals (Williams et a!., 1982; Lynch et a!., 1983). Some
proteins, especially casein (found in milk), bind to enamel and reduce enamel solubility in
vitro (Weiss and Bibby, 1966). Plain milk is considered non-cariogenic and even
anticariogenic because of the presence of calcium, phosphate, protein, and lipids (Jenkins
and Ferguson, 1966; Reynolds and Johnson, 1981). However, plain bovine milk given
to a child in a nursing bottle throughout the night or prolonged on-demand breast feeding
has been associated with caries (Roberts, 1982). Pyridoxine (vitamin B6) added to
experimental diets of rats (Cole eta!., 1980) and to lozenges in human studies have been
found to have anticaries activity (Theilade and Birkhed, 1986). Carrots and many fruits
and seeds contain polysaccharides and proteins (lectins), and these have been thought to
aid aggregation of S. mutans and inhibit its adherence to saliva-coated hydroxyapatite
(Ramstorp eta!., 1982). Whether this affects caries is not known. Some cariostatic
agents have been detected in cereals, eg phytate (Madsen, 1981) and in cocoa
(S'Gravenmade and Jenkins, 1986). The drop in plaque pH following intake of sugar
can be greatly reduced by eating peanuts or cheese immediately after (Rugg-Gunn eta!.,
1975; Geddes eta!., 1977). Mouth rinsing with water is considered to have less effect
(Frostell, 1971).

3. 3. 3

Frequency of intake of foods and caries activity
Cross-sectional studies have not shown any significant correlation
between caries increment and the total quantity of sugar consumed (Martinsson, 1972;
Kleemola-Kujala and Rasanen, 1979). This lack of correlation is thought to be because
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the dietary data obtained by questionnaires, 24-hour recall, or diet history interviews
cover only a short period (1 day to 1 month), whereas the caries data are the total caries
experience accumulated over years. A closer relationship has been demonstrated between
caries and the quantities of sweets and confectionary consumed (Kleemola-Kujula and
Rasanen, 1979;

Shaw and Murray, 1980), probably because these products are

consumed between meals.
Many investigators have shown a significant association between caries
and the frequency of eating sugar (Granath et al., 1978; Roberts and Roberts, 1979;
Bowen et al., 1980); sweets and cakes (Samuelson et al., 1971; Holm et al., 1975;
Clancy et al., 1977; Martinsson, 1972); toffees, sweetmeats, chewing gum, lozenges,
and soft drinks (Martinsson, 1972) between meals . However, a higher frequency of
intake does not always lead to an increase in caries (Gustafsson et al., 1954; Konig et

al., 1968), further emphasising the multifactorial nature of caries. Some studies have
even shown a negative correlation between caries and infrequent eating, and between
caries and frequent intake of fresh fruit, vegetables, milk and sugar-free chewing gum
(Zita et al., 1959; Clancy et al., 1977).
3. 3. 4

Clearance of food from the saliva
Different foods vary greatly in initial oral carbohydrate concentration
and clearance times (Lanke, 1957; Winholt and Wange, 1973). The clearance time of
most sugar containing foods such as fruits, drinks, chocolate, and toffees ranges from 520 minutes, and starch products such as potato, spaghetti, bread, chips, and crackers
have longer clearance times of 15-30 minutes (Lanke, 1957). The longer the clearance
time the greater is the risk of developing dental caries (Firestone et al., 1982). The rate of
clearance of oral carbohydrates and the pH can both be increased by eating tough or
highly flavoured foods such as fresh fruit (low sugar-containing), raw vegetables, sugarfree gum, or peanuts and cheese at the end of meals as well as by toothbrushing (Theilade
and Birkhed, 1986).
3. 3. 5

Dietary patterns of caries-free and caries-active individuals
There have been few studies comparing the dietary habits of caries-free
and caries-active children. Duany et al. (1972), using a food frequency type of
questionnaire, found significant differences not only in the frequency of eating but also in
the type of diet consumed by 46 caries-free and 40 caries-active children aged 12-14
years. The caries-active group on the whole ate more frequently, and the consumption of
cariogenic foods such as candies, chocolates, ice cream, and beverages was significantly
higher in the caries-active group than in the caries-free group.
Martinsson (1972), in his study of Swedish boys aged 12-13 years,
found that boys in the high-caries group consumed Coca Cola, chewing gum, toffees,
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sweetmeats, and chocolate more often than did boys in the low-caries group. In girls, a
similar difference was found only for Coca Cola and chewing gum. In a study in Finland
(Kleemola-Kujala and Rasanen, 1979), the food consumption of 534 children aged 5, 9,
and 13 years with high and low caries was assessed by the 24-hour recall method. The
intake of sugar and sugar-containing products, mainly beverages, per unit of energy, was
found to be higher in the high-caries groups; there was no significant difference in the
mean daily intake of protein, fat, and carbohydrates calculated per 1,000kcal in the highor low-caries groups of children; the mean daily intake of energy appeared to be slightly
higher in the low-caries group in all age groups, but a statistically significant difference
was found only in the 5-year-old group; among the 9-year-olds, the proportion of sugar
consumed as such was greater in the high-caries than in the low-caries children.
Two large-scale longitudinal dietary studies (Rugg-Gunn et al., 1984;
Burt et al., 1988) failed to find any significant relationship between caries increment in
the low- and high-caries groups and dietary variables. This is probably because the
baseline caries incidence and prevalence were quite low in both studies, and also
probably because the level and frequency of sugar intake was high for all children.

3. 4

ORAL HYGIENE AND CARIES ACTIVITY
The findings of several cross-sectional studies investigating the beneficial effects
of self-reported (unsupervised) toothbrushing on caries reduction are contradictory;
some investigators have observed a positive correlation (Berenie et al., 1973; Ainamo,
1980), but others have not (Tucker et al., 1976). Results from longitudinal studies,
where unsupervised toothbrushing habits were related to new lesions developed during
the study period, have varied from almost no correlation (Horowitz and Thompson,
1967) to a slight reduction in new caries among children who brushed their teeth more
than twice a day (Tucker et al., 1976).
Daily supervised toothbrushing for 3 years in groups of 9- to 11-year-old
children reduced plaque significantly. Although there was no significant reduction in
caries, daily application of a fluoride dentifrice reduced dental caries more than a nonfluoride dentifrice (Koch and Lindhe, 1970). The results of a number of epidemiological
surveys and controlled clinical trials have shown a positive association between frequent
brushing with fluoride toothpaste and declining caries prevalence (Ainamo and
Parviainen, 1989). There appears to be no unequivocal evidence that good personal oral
hygiene reduces caries experience, nor is there sufficient evidence to condemn the value
of good oral hygiene in reducing caries (Sutcliffe, 1983). Lindhe et al. (1975) found that
complete professional plaque removal as infrequently as once every 2 weeks can result in
the almost complete prevention of caries. However, in most individuals this high
standard of oral cleanliness required to prevent dental caries is unattainable without
professional help.
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Studies on toothbrushing suggest that: frequency of toothbrushing is higher in
those of higher socio-economic status (Sheiham, 1970; Macgregor and Balding, 1987 a);
at all ages, girls brush their teeth more frequently than boys (Sheiham, 1970; Ainamo
and Parviainen, 1989); it is associated with other personal hygiene practices (Macgregor
and Balding, 1987 b); and frequency of brushing decreases significantly as the number
of siblings increases, and as bed times become later (Macgregor and Balding, 1987 a).
Daily flossing in young individuals performed by dental personnel resulted in a
30-50% caries reduction (Wright et al., 1979 and 1980) In another study, in which
children aged 12-13 years flossed their teeth by passing the floss just once up and down
the contact point under supervision, no caries reduction was observed (Granath et al.,
1979). This is probably because the technique used did not clean the proximal surface
adequately.

3.5

GENERAL HEALTH, MEDICATIONS, AND CARIES ACTIVITY
The presence of a systemic disease may affect the incidence of dental caries,
either directly, or indirectly as a side-effect of treatment (Roberts and Roberts, 1979).
Children with controlled diabetes have been reported as having less caries than
comparable healthy controls (Matsson and Koch, 1975). Xerostomia in uncontrolled
diabetes mellitus patients may, however, cause an increase in dental caries (Scully and
Cawson, 1982). Xerostomia induced by drugs, or due to Sjogren's syndrome, or
irradiation of the salivary glands may also cause an increase in dental caries (Scully and
Cawson, 1982). Patients with hereditary fructose intolerance, where patients are unable
to eat fructose and sucrose but can eat starch, have a very low caries prevalence
(Marthaler, 1967; Newbrun et a!., 1980). Other diseases such as cystic fibrosis and
phenylketonuria, which require specific dietary regimes, influence caries experience
(Winter eta!., 1974).
Children who take syrup-based medicines frequently are reported to have a
much higher level of caries experience than similar aged control groups (Roberts and
Roberts, 1979; Feigal and Jensen, 1982). Certain drugs can affect the composition of
saliva and consequently can modify the effect of saliva on the pathological processes
which may lead to dental caries (Mandel and Wotman, 1976). Ryberg eta!. (1989) have
reported that asthmatic children treated with B-agonists such as isoproterenol over a long
term have a lower concentration of protein and amylase in parotid saliva and show a
slight increase in caries prevalence.
3.6

PAST CARIES EXPERIENCE AND CARIES ACTIVITY
Some investigators have examined the relationship between the prevalence of
dental caries in the deciduous dentition with that in the permanent dentition by means of
retrospective and prospective studies (Adler, 1968; Poulsen and Holm, 1980). Although
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a positive relation was found by Poulsen and Holm (1980), they concluded that the level
of caries in the primary dentition is of little value in predicting future caries activity in the
permanent dentition. In comparison with the primary dentition, higher correlation values
were found when the prevalence of caries in the permanent dentition was correlated with
that in the same children 3-4 years later (Adler, 1968).

3. 7

SOCIO-ECONOMIC FACTORS AND CARIES ACTIVITY
Most commonly, the occupation of the father has been used to classify families
into socio-economic levels. The majority of studies carried out in low- and high-fluoride
areas have found an inverse relationship between social background and dental health,
with increasing social disadvantage. being associated with decreasing dental health
(Hausen eta!., 1982; King eta!., 1983; Evans eta!., 1984; Kolmakow eta!., 1984;
Fergusson and Horwood, 1986). Studies where the socio-economic level has been
based on the level of education of the father and of the mother have also shown this
negative association between socio-economic status and caries prevalence (Tijmstra,
1981; Rossow eta!., 1986). Maternal social class, age, and education have all been
found to be related to the child's caries experience (King et al., 1983).
Caries-free children are significantly more likely to have parents with college
education, be from smaller families, have an earlier birth order, and have an optimistic
outlook on their own dental health (Johnson eta!., 1980). Studies in developed countries
have shown high parental educational level or high income are associated with a
decreased consumption of sweets, buns, and cakes, by the children, and with a lower
caries prevalence (Samuelson eta!., 1971). This contrasts with the developing countries,
where high socio-economic level has been found to be associated with a high prevalence
of dental caries (Enwonwu, 1981; Bratthall eta!., 1986; Wright et al., 1989). This is
attributed to the greater intake of refined carbohydrates by higher socio-economic groups
in the developing countries (Wright et al., 1989).
Some studies (Carmichael et al., 1980; Fergusson and Horwood, 1986) have
reported a marked social gradient for caries experience only in low-fluoride areas. This
suggests that fluoridation confers greater benefit to disadvantaged children rather than
socially advantaged children. However, other studies have found that fluoridation
benefits children from all socio-economic groups and that fluoridation and socioeconomic status seem to influence caries prevalence independently of each other (Hausen
eta!., 1982; Evans eta!., 1984).
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3.8

MULTIVARIATE ANALYSIS IN THE IDENTIFICATION OF
CHILDREN AT HIGH-RISK OF CARIES
3. 8.1 Rationale of identifying children at high-risk of caries
A subject of increasing interest in clinical dentistry and in public health
programmes has been the identification of those factors known to influence the carious
process and thereby the identification of high caries-risk individuals and groups
(Sainsbury and Ashley, 1984). In the United States of America, approximately 60 to
70% of the caries burden falls on roughly 20% of schoolchildren (Stamm et al., 1988).
Reports from other developed countries have also reported a decline in caries with
concentration of the disease in a small proportion of the population. This is certainly so
in New Zealand (Evans et al., 1984). The low incidence of caries justifies the effort and
expense of identifying individuals susceptible to caries in order that approaches to
prevention and treatment can be targeted to these individuals. Risk assessment helps in
defming appropriate levels of preventive care, contributing to a more rational and efficient
use of resources. If children at high risk for caries can be identified, appropriate
preventive treatments can be targeted to the individual or group at an early stage of the
carious process, thereby reducing the cost of treatment significantly.
3. 8. 2 Bivariate versus multivariate analysis in the identification
of risk factors
A wide variety of parameters such as salivary factors, microbial
factors, dietary factors, oral hygiene, general health and medications, past caries
experience, and socio-economic factors as described above have been used to identify
high caries-risk individuals and groups. However, the vast majority of studies have
focused either on only one risk factor at a time (bivariate correlation approach), or have
measured multiple potential risk factors but analysed their effects in isolation (Mandel,
1974; Klock and Krasse, 1979; Sweeney, 1979; Sreebny, 1984). These studies have
not been very successful in identifying risk factors (Hunter, 1988; Demers et al., 1990).
A workshop conference on methods of predicting dental caries, sponsored by the
National Institute of Dental Research, was held in 1977 for the purpose of establishing
guidelines for the development of prediction techniques (Bibby and Shern, 1978). No
single variable or combination of variables was found to be sensitive or specific enough
to predict the outcome of the disease. It was, however, generally agreed that past caries
experience and the number of tooth surfaces at risk represented the best indicators of
future caries experience.
Since caries is a multifactorial disease, it is necessary to develop
models that consider the effect of a number of potential risk factors simultaneously. The
measurement of all possible determinants of a multifactorial disease is extremely difficult.
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It has been found that a combination of predictors results in greater sensitivity and that
specificity increased with repeated measurements over time of these predictors (Swenson

et al., 1976; Pienihillinen, 1988). Recent longitudinal studies which have examined
the associations between multiple variables and caries activity to identify high caries-risk
groups, have been promising (Klock and Krasse, 1979; Crossner, 1981; Bader et al.,
1986; Stecksen-Blicks and Gustafsson, 1986; Abernathy et al., 1987; Pienihakkinen,
1987; Wilson and Ashley, 1990; Dummer et al., 1990). The comparison of findings is,
however, difficult because different age groups of children or adults have been examined
for varying periods of time, the caries prevalences in the populations studied have been
different, the cut-off point used to define a screening test as positive has differed, the
predictors used have differed, the definition criterion of the high-risk group has also been
different, dental treatment may or may not have been available during the study, and the
methods of statistical analysis have varied, and studies may or may not have reported
sensitivity, specificity, and predictive values of test. However, most of these studies
have shown a greater sensitivity, specificity, and predictive power of variables used in
combination.
Validity of prediction tests
Correlation coefficients have been used to determine whether a
statistically significant relationship exists between an independent variable and the caries
activity; the usual index for evaluating predictive power of models has been the square of
- the correlation coefficient (R2). Tne higher the R2 value, the stronger the capacity of the
risk factor to predict caries. It has been found that reliance on the multiple R2 value is not
congruent with the objective of risk assessment.
Other factors that need to be considered in assessing the value of a
method of predicting caries risk are the sensitivity and specificity of the tests (Poulsen
and Holm, 1980). Sensitivity is defined as the proportion of observed or true highdisease-formers who are correctly predicted to be at high risk. Specificity is defined as
the proportion of observed or true low-disease-formers who are correctly predicted to be
at low disease risk (Hunter, 1988). In the ideal situation, the validity of the disease
prediction test would rest on 100% sensitivity and 100% specificity (Hunter, 1988). In
practice this situation rarely (if ever) occurs. Low sensitivity would mean that some of
the children at high risk are not identified and do not receive the required care. Low
specificity on the other hand may overburden a caries-preventive program. Sensitivity
and specificity are usually inversely related, so that increasing one will generally decrease
the other. This implies that a caries-risk assessment must make some trade-offs,
weighing the direct health-related disadvantages of false negatives against the resourcerelated disadvantages of false positives. Stamm et al. (1988) stated that to be useful, a
working caries-prediction model should produce a sensitivity level of 0.75 or higher and
3. 8. 3
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specificity level of 0.85 or higher. The predictive power of the model should also be
determined; a high positive predictive value means that individuals with a positive test are
at risk of future caries (Klock and Krasse, 1979).
The development of the correct model is more important for the
assessment of how well the model predicts children who are likely to have high caries
activity than the identification of risk factors with strong relationships with high-caries
activity. A combination of predictors results in greater sensitivity, and specificity
increases with repeated measurements of these predictors over time (Swenson et al.,
1976; Pienihakkinen, 1988).

3. 8. 4 Statistical model development
To overcome the limitations of bivariate correlations in determining risk
factors in multifactorial diseases, researchers adopted multivariate regression models.
However, some multiple regression models such as the Mantel-Haenszel test are still
assessed by the (multiple) correlation coefficient values which is not appropriate for risk
assessment. Also bivariate and multivariate regression/correlation models are not well
suited for dealing with binary (eg low- and high-caries active) outcome measures of
disease (Stamm et al., 1991).
Therefore discriminant function analysis has been used in risk
assessment. This method produces the type of 2x2 classification table that permits the
generation of sensitivity and specificity indices, measures more appropriate to the proper
evaluation of risk assessment models. However, this method can only be used with
continuous, normally-distributed variables (Stamm et al., 1991).
To overcome the assumption of continuous and normally distributed
variables, multivariate logistic regression methods are being used increasingly. Logistic
regression uses binary or even multi-category outcome variables, does not require the
independent variables to be normally distributed, generates 2x2 or even more complex
classification tables, produces sensitivity and specificity values, and generates relative
risk estimates for each risk factor identified (Stamm et al., 1991).
The use of logistic regression for risk assessment purposes is
straightforward when the number of explanatory variables is small and the sample size is
sufficiently large that all of the explanatory variables can be included in the model. In
other situations, some judgement is needed for the specification of which explanatory
variables to include. One criterion for model development is to force the inclusion of a
subset of variables that are anticipated to have strong relationships with the response
variable on the basis of previous studies or biological theories; then stepwise regression
methods are used to determine the additional variables to include after adjustment for all
previously included explanatory variables.
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A relatively new method for disease risk assessment modelling is the
approach offered by Classification and Regression Tree Analysis (CART) (Breiman et
al., 1984). CART is an appropriate and powerful alternative to the commonly used

classification methods of logistic regression. The binary classification tree method is
designed for complex data and does not require assumptions about the type of
distribution of predictor variables or about the interactions among predictor variables.
Recently a study (Stamm et al., 1988) compared the linear discriminant
analysis, the logistic regression analysis, and the CART analysis in an attempt to
determine which type of analysis gave the highest sensitivities and specificities in
predicting children at risk of caries, based on the identical data set. The results indicated
that choice of analytical method influenced the model structure significantly although
sensitivity and specificity were comparable. Thus the three methods were not consistent
in the risk factors they identified as being of most significance for the disease or condition
under investigation. For this reason, additional well-controlled comparative studies of
alternative risk assessment models appear to be well warranted.
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THE RATIONALE FOR THE STUDY
Reports from developed countries of a decline in caries with concentration of the
disease in a small proportion of the population justified the need to identify individuals
susceptible to caries and factors affecting caries activity. By identifying children at high
risk for caries, appropriate preventive treatments could be targeted to the individual or
group at an early stage of the carious process. This is because early carious lesions have
been found to remineralise or become arrested given the right oral environment.
The review of the literature showed that most epidemiological surveys
attempting to identify risk factors within a population have been cross-sectional in design.
In all these studies including a few available longitudinal studies caries activity was
monitored using the dmfs/DMFS increment score system which is too coarse a measure
for recording caries increment. Longitudinal surveys, in which changes in the activity of
the carious lesion are monitored, with more sensitive measures such as transition scores,
and related to multiple factors known to influence caries using multivariate analysis, are
greatly lacking and therefore this study was undertaken.

THE MAIN OBJECTIVES OF THE STUDY
1.

To monitor caries development and progression clinically and radiographically

over a period of one year in children aged between 3-4 and 7-8 years, resident in
fluoridated and non-fluoridated areas of Dunedin, and with and without past caries
experience.
2.

To examine the relationship between the development and progression of carious

lesions and some independent variables including intake of fluoride and other nutrients,
fluoride content and flow rate of saliva, socio-economic and other demographic factors.
3.
To identify risk factors and develop a caries prediction model using multiple
logistic regression analysis.
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PILOT STUDY
1

AIMS
A pilot study was undertaken for the following reasons:
(a) To collect food by the duplicate portion sampling technique and to identify
problems, if any, in collecting food samples by this method from children in the two age
groups.
(b) To identify some popular breakfast foods and drinks containing low levels of
fluoride and to formulate a low-fluoride standard breakfast.
(c) To determine an acceptable method of collecting samples of parotid and
mixed saliva from children in the two age groups.
(d) To determine the effect of storage on the fluoride content of samples of food
and saliva.
(e) To identify the problems, if any, in the isolation of fluoride in the samples of
food and saliva by the acid diffusion technique and the measurement of the ion by the
fluoride ion specific electrode.

2.

METHODS
2 .1
Ethical approval
Ethical approval was obtained from the Otago Area Health Board
Ethical Committee (Appendix 1).
2. 2

Selection of study population
The study population was selected at random from children aged
between 3-4 and 7-8 years in July 1989 resident in fluoridated (F) and non-fluoridated
(NF) areas, who were attending the Children's Clinic at the School of Dentistry. Parents
of the children were given written and verbal explanations of the purpose, requirements,
and benefits of the study. Written informed consent was obtained from the parents of
children agreeing to participate in the study. Twelve children, four in the fluoridated area
and two in the non-fluoridated area in each age group were selected.
2. 3

Collection of food samples
Verbal and written explanations (see section 8.1 of the main study)
were given on the method of collecting duplicate amounts of all food and drinks ingested
by the child over a period of 24 hours. The parents were also instructed to record the
time, type and amount of food and drink ingested by the child on that day on a diet record
sheet. Acid-washed and weighed plastic jars with lids were provided for the food
collection.
Following the food collection, the parents were asked if they had had
any problems in duplicating and collecting the food. The diet record was discussed with
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the parent and any food item consumed but not recorded or included in the jar was noted.
The parents were reimbursed for the cost of the food provided.

2. 4

Formulation of a low-fluoride breakfast
To determine the relationship between daily fluoride intake and fluoride

levels in morning saliva, a sample of overnight fasting saliva was desirable. However, it
was expected that overnight fasting until the time of the appointment would be difficult
especially for the younger age group of children. The alternative was to allow the
children to have breakfast composed of food items containing low levels of fluoride two
hours before their appointment. Therefore, some popular breakfast foods and drinks
such as bread, cereals such as Skippyl cornflakes and Weetbix2 , spreads such as
Marmite3 and honey, Just juice4 (orange), and milk with Milos were analysed for their
fluoride content.

2. 5

Collection of samples of saliva
Stimulated whole saliva was collected from the floor of the mouth by

vacuum suction (see section 11.1 of the main study) and stimulated saliva from one
parotid gland was collected with a modified Carlson-Crittenden device (Shannon et al.,
1962) (see section 11.2 of the main study). Secretion of saliva was stimulated by placing
0.1 ml of 1% citric acid every 60 seconds on the posterior part of the tongue, where taste
buds for sour sensation are located. When collecting whole saliva, the stimulant was
placed as far posteriorly on the tongue as possible so as to avoid contamination with the
mixed saliva. The stimulated mixed and parotid saliva was collected for 5 and 10 minutes
respectively into weighed plastic jars. The weight of the saliva was determined and the
flow rate calculated in mg/min.

2. 6

Effect of storage on the fluoride content of samples
The weighed food samples were homogenised with measured volumes

of deionised water and portions transferred into smaller coded plastic jars. The fluoride
content of six of the food samples was measured within 24 hours of collection, and after
storage at -40° C for 3 months. Similarly six samples of parotid and mixed saliva were
analysed immediately following collection and after storage at -40° C for 3 months to
determine if storage affected the measurable fluoride content.

1 Skippy Cornflakes, Sanitarium Health Food Company, 124 Pah Road, Royal Oak. New Zealand
2 Weetbix Hi-Bran, Sanitarium Health Food Company, 124 Pah Road, Royal Oak. New Zealand
3 Marmite, Sanitarium Health Food Company, 124 Pah Road, Royal Oak. New Zealand
4Just Juice, New Zealand Apple and Pear Marketing Board. PO Box 76-202, Manukau City, Auckland.
5 Milo, Sanitarium Health Food Company, 124 Pah Road, Royal Oak. New Zealand
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2. 7

Analysis of fluoride in samples of food and saliva
The hexamethyldisiloxane-hydrochloric acid (HMDS-HCL) diffusion
technique of Taves (1968) was used to isolate the fluoride ion from samples of food and
saliva (see section 8.3 and 11.3 respectively of the main study). Following diffusion, in
the case of food samples, the contents of the cap were dried and buffered with total ionic
strength adjustment buffer (TISAB-III6) solution ~nd the fluoride concentration in the
sample measured by the fluoride electrode7 connected to the Specific Ion MeterS. In the
case of the samples of saliva, the contents of the cap were dried and buffered with low
level TISAB (prepared according to instructions in the Orion Instruction Manual (1988)].
The standard addition technique of Ekstrand (1977) was used to determine the
concentration of fluoride in the samples.

3

RESULTS OF THE PILOT STUDY
3 .1
Duplicate portion sampling technique
The parents of all the children indicated that they were able to accurately

collect duplicate portions of all meals that their child ate and drank over 24 hours at home.
However, the need for closer supervision of the diet of the older age group of children
was indicated especially if a school day was chosen for the food collection. In addition to
their packed lunch some of the children bought and ate snacks and some parents reported
"lunch box swaps" at school. There was also the possibility of the child having a drink
of water at school. In the younger age group supervision was easier as access to foods
without the parent's knowledge was much more difficult. Therefore, in the main study
some additional verbal instructions were given to parents to reduce errors in duplication
(see section 8.1 of the main study).

3. 2

Low-fluoride standard breakfast
Each selected breakfast food was found to contain <0.02 !lg F/ml or g
(1 !lg/ml= 1 ppm). The breakfast of all children was restricted to these food items.
Parents were instructed not to substitute any other breakfast food or drink on the morning
of the appointment.

6 TISAB-III, Orion Application Solution, TISAB III concentrate with CDTA, 940911. Orion Research
Incorpomted, 840 Memorial Drive, Cambridge, MA 02139.
7 Orion Model 96-09, Combination Fluoride Electrode. Orion Research Inc., 840 Memorial Drive,
Cambridge, Massachusetts, 02139 U.S.A.
8 Orion Model407 AIL Specific Ion Meter/ Ionalyzer.
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3. 3

Collection of saliva
One of the problems in the collection of samples of saliva was the bitter

taste of the citric acid which was used as the stimulant. Therefore a commercial juice Just
Juice (orange, lime, and lemon flavour) was tried and this was found to be more
acceptable to the children and it also provided sufficient stimulation of saliva.
The Carlson-Crittenden device was found to be too big for the younger
age group of children. The diameter of the cup was therefore reduced from 1.59 em to
1.20 em. In addition to the negative pressure which held the cup in place it was found
necessary to hold the device firmly with the finger as otherwise the children easily
displaced the device with their tongue. This protocol was followed for all children.
The 5 and 10 minute periods used for the collection of samples of
mixed and parotid saliva respectively were acceptable to the children. The collection of
mixed saliva created no problems and was collected under maximum suction. Adding the
stimulant every 30 seconds instead of 60 seconds allowed for a greater volume of parotid
saliva to be collected within the 10 minute period.

3. 4

Effect of storage
Storage of food and saliva samples for 3 months was found not to

affect their fluoride content (Table 4).

3. 5

Analytical technique
The fluoride content of saliva was found to be below the detection

limits of the fluoride electrode. The known addition method helped overcome the
difficulties associated with measuring the low levels of fluoride in saliva. This method
also allowed for the use of small sample volumes. This was an advantage because
sometimes only about 1 ml or less of parotid saliva was collected in the 10 minute
collection period. The problem of measuring low levels of fluoride in the food samples
from the NF area was overcome by using larger sample sizes which increased the
fluoride concentration to a level which was easily measurable by the electrode.
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Table4

Mean fluoride content (J.lg F/g or ml) of food and saliva samples before
and after storage at -40° C for 3 months.
FLUORIDE CONTENT (J.lg F/g or ml) Paired t-test
Within 24 hours
After 6 months
p values

SAMPLE
FOOD

1
2
3
4
5
6

MEAN±SD
MIXED SALIVA

1
2
3
4
5
6

MEAN±SD
PAROTID SALIVA

1
2
3
4
5
6

MEAN±SD

0.09
0.16
0.06
0.43
0.22
0.19
0.19±0.13

0.08
0.16
0.08
0.44
0.22
0.17
0.19±0.13

p=1.0

0.06
0.03
0.02
0.04
0.04
0.02
0.034±0.016

0.06
0.02
0.02
0.04
0.04
0.02
0.032±0.016

p=0.4

0.01
0.01
0.01
0.01
0.01
0.01
0.006±0.003

0.01
0.01
0.01
0.01
0.01
0.01
0.006±0.003

p=1.0
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MAIN STUDY
1

STUDY AREAS
The study population was drawn from fluoridated (F) and neighbouring nonfluoridated (NF) areas of Dunedin (Mosgiel, Port Chalmers, W aldronville, and Brighton)
(Figure 1). Dunedin city with a population of about 76,800 is one of the main cities in
the South Island of New Zealand (New Zealand Official Year book, 1989). The water
supply of Dunedin in the fluoridated areas was found to contain 0.9-1.0 J.Lg/ml fluoride
and in the non-fluoridated areas was found to contain between 0.2-0.3 J.Lg/ml fluoride
throughout the period of the study.
2

SELECTION OF STUDY POPULATION
2.1
Initial selection based on school dental records and
medical history
Twenty-one school dental clinics, at which children from 43 different
schools were registered, were located in the F and NF areas. The names and addresses
of all children aged between 3-4 years and 7-8 years in December 1989 whose school
dental records showed either that they were caries free or had more than 3 decayed,
missing, or filled primary (drnft) or permanent (DMFT) teeth were collected. The school
dental nurses recorded a tooth as decayed in the presence of frank cavitation, missing if
extracted due to caries, and filled in the presence of either temporary or permanent
restorations; sealants were recorded separately.
At first only those children with a dmft/DMFT score of 0 and a
drnft/DMFT score of 2:: 6, and without any sealed teeth, were selected at random. Due to
insufficient numbers of 3-4 year old children, from the selected clinics, with a recorded
dmft score of 2:: 6, children with recorded dmft scores of 2:: 2 were also included in the
'high-caries' group. Due to insufficient numbers of 7-8 year old children, from the
selected clinics, with a dmft/DMFT score of 0, children with sealed permanent first molar
teeth were included in the 'caries-free' group. The parents of the children were contacted
by letter and informed of the nature, requirements, benefits, and duration of the study
(Appendix 2). This was followed a week later by a phone call when the parents were
asked if they would like to participate in the study.
Parents of the children who agreed to take part were invited to attend a
group meeting at the local school where the study was described in greater detail. They
were informed that their child had been selected at random based on school dental records
and that the final selection would depend on the results of a medical history and a dental
radiographic examination. Children with medical conditions, such as recent (in the
previous 6 months) bone fractures, kidney or gastrointestinal disorders, known to
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Figure 1

Map of Dunedin city showing the fluoridated (4@) and the neighbouring
non-fluoridated areas (8) from where the study population was selected.
The 21 School Dental Clinics from where the children were selected are
listed below.

.A

.A..

.A..

....___

SCHOOL DENTAL CLINICS IN
FLUORIDATED AREAS

NON-FLUORIDATED AREAS

Anderson's Bay

McAndrew Intermediate

Reid Park

Arthur Street

Mornington

Mosgiel Intermediate

Caversham

North East Valley

Port Chalmers

College Street

Ravensbourne

W aldronville

Dunedin North

Riselaw Road

Forbury

Rotary Park

Halfway-Bush

Tahuna Intermediate

High Street

Tainui

Maori Hill
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interfere with fluoride metabolism and children who had received dental radiographs in
the previous 6 months were excluded at this stage.

2. 2

Final selection based on dental examination
Written informed consent was obtained from the 160 parents agreeing
to participate in the study (Appendix 3). A general medical history was taken before the
child was examined clinically and radiographically for caries at the School of Dentistry.
A child was considered caries-free if there was no evidence of dental caries or
restorations (besides sealants if any) on any surface of any tooth, and there were no teeth
missing due to caries (see section 4). If there was clinical and/or radiographic evidence
of at least three decayed (see section 4) surfaces (ds/DS > 3) the child was placed in the
high-caries group. Children who did not fulfill either of these criteria were excluded
from the study. Children who had clinical or radiographic evidence of caries extending
into dentine were referred immediately for treatment. The sampling procedure was
continued with the aim of obtaining 20 children in each of the 8 groups or cells as shown
in Table 5.
3

DENTAL EXAMINATION PROCEDURES
3.1
Clinical dental examination
Each child was examined at the dental school by the same examiner at
intervals of 6 months for a period of one year. At each of the three times, clinical
exarroination was done with a plane mirror under uniform lighting and after the teeth had
been dried with compressed air. Each tooth was examined visually on the labial, palatal
or lingual, mesial, distal, and incisal or occlusal surfaces in that order and each surface
was assigned a category as shown in Appendix 4. The scores were recorded on coded
charts (Appendix 4) from which information could be directly punched into the computer.
3. 2

Radiographic dental examination
3.2.1
Standardised bite-wing radiography technique
Standardised, bilateral, posterior bite-wing radiographs
were taken using film holders, bite-blocks, and collimating devices. Kodak9 DF-53,
Ultra-speed D, size 0, double X-ray film was used in both the age groups of children. A
Kwik-BitelO X-ray film holder was used to hold the film in position in the mouth. The
device has a film holding plate at right angles to the bite-plate, the index, and the indicator
rod (Figure 2a). The film was positioned in the film holder and was pushed down only
as far as the reference line 0/1 on the film holding plate.

9 Eastman Kodak Co., Rochester, New York, 14650.
10 Hawe-Neos Dental, Dr. H. v. Weissenfluh Ltd. CH-6952 Gentilino. Switzerland.
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Grouping of children according to area, age, and decayed, missing, and

Table 5

filled surfaces (dmfs/DMFS) at baseline.

NF AREAS
3-4 yrs
7-8 yrs

CARIES-FREE
dmfs/DMFS

3-4 yrs

7-8 yrs

CELLl

CELL3

CELLS

CELL7

CELL2

CELL4

CELL6

CELLS

=0

HIGH-CARIES
dmfs/DMFS

F AREAS

~

3
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Two pieces of thin styrofoam of the same length and width
as the bite plate were held in place on either side of the bite-plate with sticky tape. A strip
of green soft wax of the same width was wrapped around the styrofoam blocks on the
bite-plate (Figure 2a). At first the child practised biting on the film holder without the bite
blocks. The child was informed that as s/he closed on the film holder it would feel a bit
'tight' on the gums. The tube was positioned and the child instructed to keep biting on
the plate and to sit still for about 10 seconds. The mock trial helped the child understand
the procedure and the most comfortable position of placement of the holder in the
individual child's mouth was determined.
The film-holder with the film and bite-block was then
placed in the vault of the palate or as close to the lingual surface of the posterior teeth on
that side as possible depending on the space available for the vertical positioning of the
holder. The child was then asked to bite on the softened wax bite-blocks until the film
was exposed. The impressions made on the wax block were used to carefully position
the film at the same site when taking the next set of radiographs.
A 12 inch cylindrical collimating tube was attached to the
end of the G-1000 Dental X-ray unitll to aim the beam at the site of interest (Figure 2b).
As the external diameter of the Collimating tube was 7 6 mm the indicator rod of the film
holder was placed outside the tube. The two marks on the index of the film holder were
used as a reference for determining the proper distance between the tube and the indicator
rod. The target-to-film distance was fixed by placing the end of the tube in contact with
the index of the film holder. The central beam of the X-ray apparatus was directed
parallel to the indicator rod upon the peak of the index.
3.2.2

Film exposure and development

The same Dental X-ray unit was used throughout the study.
A constant exposure time of 0.6 seconds, 15 rnA, and 60 kV, was used. The exposed
films were blot-dried and placed in plastic packets along with the individual bite-blocks
and stored in the refrigerator at a constant temperature until they were developed. The
films were processed and developed in batches in the HOPE P-1012 Automatic Dental Xray Film Processor using fresh Developer and Fixer solutionsl3 . The temperature of the
solutions was kept constant at 29° C (84.2° F). The same infra-red lights were kept on in
the dark room while the films were processed. The developed films were kept in packets
which were coded and dated.

11 General Electric. Gendex Corporation. P.O. Box 21004. Milwaukee. Wisconsin 53221
12 Henry Hope X-Ray Products Inc, Willowgrave PA, 19090
13 KODAK RP X-OMat Developer and Fixer Solutions, Eastman Kodak Co, Rochester. NY 1465
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Figure 2a

The Kwik -Bite X-ray film holder with film and individual wax bite-block.

Figure 2b
Cylindrical collimating tube attatched to the end of the G-1 000 Dental Xray unit in contact with the index of the film holder. The central beam of the X-ray
apparatus was directed parallel to the indicator rod upon the peak of the index.
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3.2. 3

Method of reading the radiographs
The standardised bite-wing radiographs taken at baseline,

after 6 months (in the high-caries group), and after 12 months were read in succession by
the same operator at the end of the study. The radiographs were viewed at 7.5 times
magnification under an Olympus binocular microscope placed over a viewing box in a
darkroom.
3.2.3

Recording the radiographic fmdings
The absence or presence of lesions, restorations, and the

depth of lesions on the distal surfaces of the canines, and mesial and distal surfaces of the
primary molars, and the mesial surfaces of the first permanent molar (if present) were
recorded. The presence or absence of caries or restorations on the occlusal surfaces of
the molars were also recorded. The coding system allowed for the recording of enamel
and dentine overlaps or missing surfaces separately. The state of each surface was
coded. The codes were recorded on charts (Appendix 5) from which information could
be directly punched into the computer.

3. 3

Clinical and radiographic findings
The coding systems used for recording clinical and radiographic
examination data allowed for the comparison between the two methods of caries
diagnosis on the proximal and occlusal surfaces of the molars. Unreadable overlapped
surfaces or surfaces missing from films were excluded from the analysis.

4

DIAGNOSTIC CRITERIA USED TO RECORD THE DECAYED,
MISSING, AND FILLED COMPONENT
4.1
Decayed component (d/D)
In this study, in addition to frank cavitation, the clinical evidence of
white spots and surface discolourations were recorded as caries (Appendix 4).
Radiographically, the diagnosis of the decayed (diD) component was made at four levels
namely radiolucency in the outer half of enamel, radiolucency in the inner half of enamel,
radiolucency in the outer half of dentine, and radiolucency in the inner half of dentine
(Appendix 5).
4. 2

Filled component (f/F)
Surfaces with sound restorations were recorded as filled and noncarious. This category also included filled surfaces with non-carious faults such as
marginal leakage. Surfaces with clinical or radiographic evidence of caries around an
existing restoration were recorded as filled and carious. Lost restorations were recorded
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separately. The coding system also had provision for recording if secondary caries had
been treated during the study (Appendices 4 and 5).

4. 3

Sealed component
All sealed surfaces were recorded separately (Appendix 4).

4. 4

Missing component (m/M)
Only those teeth extracted due to caries were recorded as missing

(Appendix 4).

4. 5

Decayed, missing, and filled surface scores (dmfs/DMFS)
Decayed, missing, and filled surface scores were calculated using three
diagnostic thresholds for recording the decayed (diD) component. In the first method,
dmfs/DMFS scores were calculated by including white spots, surface discolorations, and
frank cavitations in the diD component (diagnostic criteria A). This method allows for
both preventive and restorative treatment strategies. In diagnostic criteria B, clinical
evidence of frank cavitation (but not white spots and surface discolourations) and
radiographic evidence of radiolucencies in the inner half (but not the outer half) of enamel
were recorded as signs of decay. This method was used to allow for comparisons of
results with some progression studies which have used this criteria for recording decay.
In diagnostic criteria C, only frank cavitation and radiolucencies in the dentine (outer and
inner half) were recorded as signs of decay. The latter method of recording decay is
recommended for epidemiological surveys on caries prevalence (Palmer et al., 1984) .
This method does not allow for preventive care alone as a means of treating decay. In
each of the three methods, total dmfs/DMFS scores were calculated with and without
including the sealed component.
5

EXAMINER RELIABILITY
5. 1
Intra-examiner reliability in clinical dental examination
To check examiner reliability, 20 children from one of the school dental
clinics in Dunedin were examined, clinically, twice for carious lesions one week apart.
Children aged 3-4 and 7-8 years whose school dental records showed that they had a
dmft/DMFT score of 0 and those with a dmft!DMFT score of~ 6 were selected at
random. The parents of the children were informed by letter of the purpose of the
examination. Parents agreeing to their child undergoing the dental examinations gave
written consent. The clinical examination was done at the school dental clinic under
uniform lighting, with a mirror, and after drying of the teeth with compressed air. The
children were re-examined 1 week later, in no particular order, under the same conditions
and the findings were recorded and subjected to statistical evaluation.
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5. 2

Intra-examiner reliability in radiographic examination
To check examiner reliability in radiographic dental examination, the
coded posterior bite-wing radiographs of 20 children from the low- and high-caries
groups participating in the study were selected. These radiographs were read twice, four
weeks after the initial reading to eliminate any possibility of an influence of the previous
reading. The extent of agreement in both the detection of sound and carious surfaces as
well as the depth of the carious lesion were analysed.
5. 3

Analysis of examiner consistency
To measure agreement in the detection of lesions Cohen's kappa
statistic (Valachovic et al., 1986; Nuttal and Paul, 1985) was used. The calculation of the
kappa value includes agreements on teeth with and without caries. The formula is given
by kappa (k) = Ao-Ac/1-Ac (Fleiss, 1975); Ao is the proportion of agreement actually
observed and is equal to ss+cc (where ss and cc represent the number of surfaces judged
sound or carious respectively on two independent assessments); Ac is the proportion of
agreement that could be expected by chance on the use of a particular diagnostic choice
and is equal to [(ss+sc) x (ss+cs)] + [(cc+sc) x (cc+cs)] (where cs and sc represent the
number of surfaces judged carious on one reading and sound on the other or vice versa
respectively). The kappa statistic was also used to determine agreement on the extent of
penetration of the lesion on X-rays.
6

MONITORING THE DEVELOPMENT AND PROGRESSION OF
CARIOUS LESIONS
Caries activity (development of new lesions and progression/regression of
existing lesions) was measured by dmfs/DMFS Increment Scores. Each of the three
diagnostic criteria used for recording dmfs/DMFS (section 4.5) were used to calculate the
one year caries increment. In addition a more sensitive method of transition scores was
used to monitor the development and progression of carious lesions.
6 .1

dmfs/DMFS Increment Scores
In this method, the baseline dmfs/DMFS score, of each child, as
measured clinically and radiographically was compared with the dmfs/DMFS score
obtained after 12 months. A child with a one year increment of:?:: 2 dmfs/DMFS was
considered highly caries-active.
6. 2

Transition Scores
The diagnostic criteria used in this study to record decayed, missing,
and filled surfaces allowed for a more sensitive measure of caries activity in an individual
child. Each surface score was individually examined using the Statistical Package for the
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Social Sciences (SPSS-X) and a value for any transition from baseline to 12 months
observed radiographically and clinically was automatically calculated by a computer
programme according to a scoring system devised for this purpose as described below.
6.2.1

Scoring system for radiographically observed changes
Following radiographic examination, the distal surfaces of

the canines and the proximal surfaces of the posterior teeth were each given a numerical
value from 0 to 8 as described in Appendix 5. The radiographic transition score was
based on the principle (Appendix 6a) that untreated dental caries progressing through
sound tissue would first appear radiographically as sound (RO); then show evidence of a
radiolucency in the outer and then in the inner half of enamel (R1 and R2 respectively);
followed by a radiolucency in the outer and then in the inner half of dentine (R3 and R4);
an untreated R4 lesion could cause pulp exposure with symptoms of an abscess, and/or
root resorption, and/or bifurcation involvement. It was also assumed that the tooth was
crowned following pulp involvement and that extraction was the end result of an
untreatable tooth. Another assumption was that a restoration would have been placed
when there was evidence of a radiolucency in the outer half of dentine and beyond.
Based on this sequence of the development of a carious
lesion, radiographic transitions between grades of equivalent severity from one
examination to the other (eg. sound to sound, or R2 to R2, or R3 to R3 etc) scored 0
(Appendix 7, adapted from Pitts, 1985). In addition, a surface with a R3 lesion at one
examination which was fiiled at the next examination or an abscessed tooth at one
examination which was crowned at the next examination also took a score of 0.
Transitions of one unit of increased lesion severity (eg. sound to R1, or R1 to R2, or R2
to R3 etc) were given a score of 1. Also a R2 lesion at one examination which was filled
at the next examination received a score of 1. Similarly if progression across two grades
of lesion severity occurred (eg. sound to R2, R2 to R4 etc) a score of2 was given and so
on.
Lesion regression was accomodated in that the appropriate
negative scores were given when transitions to less severe grades of lesion occurred.
Regressions from R1 to sound, or R2 to R1 scored -1; regressions from R2 to sound
scored -2 and so on.
In spite of the possibility that the progression rate from R1
to R2 could have been slower than progression from say R2 to R3 all transitions were
given same weight. Therefore, it was possible to measure even the slightest transition,
but not the intensity of the transition, and this was sufficient for the purpose of measuring
caries activity in this study.

74

6.2.2

Scoring system for clinically observed changes
Following clinical examination each of the surfaces were

given a numerical value from 0 to 9 as described in Appendix 4. The clinical transition
score (Appendix 6b) was based on the established findings that the earliest evidence of
caries is a white spot or demineralised stained enamel which are visible even before any
evidence may be available on radiographs (Kidd and Joyston-Bechal, 1987). It was
assumed that early caries would then progress to involve the outer half and then the inner
half of enamel and finally would reach the outer half of dentine. It was assumed that
clinical evidence of frank cavitation coincided with the radiographic appearance of a
radiolucency in the outer half of dentine. An assumption was made that a surface was
filled only after it was cavitated. All sealed surfaces were considered to have been noncarious. The principles of scoring the transitions were similar to that applied for the
radiographic changes. Thus if a sound surface at baseline showed evidence of a white
spot lesion in the second examination it was given a score of 1; progression of a white
spot lesion at baseline to frank cavitation was given a score of 3 and if it was filled it was
also given a score of 3 and so on (Appendix 8).
6.2.3

Transition scores for an individual
Radiographic transition scores on the distal surface of the

canine and the proximal surfaces of the molars and the clinical transition scores on all
other surfaces of the teeth were combined to calculate caries activity. The progression or
regression score obtained for each of the five surfaces of a tooth were added up
separately to give a transition (+ve and/ or -ve values) score for that particular tooth. The
progression and/or regression scores obtained for each tooth (20 teeth in children aged 34 years; 30 teeth in children aged 7-8 years) were added up separately to give a transition
(+ve and/or -ve values) score for the entire mouth (Appendix 6 c). A child with >+6
mouth units of progression was considered highly caries-active.
6.2.4

Progression or regression of lesions on radio!!raphs

Two methods were used to calculate the rate of
progression/regression of carious lesions. In one method the baseline and 12 month
radiographic dental examination records were compared to determine the number of
lesions that progressed or regressed from one grade to another.
The rate of progression/regression of lesions in the highcaries group of children was also calculated by using survival time analysis methods. In
this method only surfaces with caries at 6 months that were not carious at baseline were
followed.
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7

IMAGE ANALYSIS OF BITEWING RADIOGRAPHS
7.1
Materials
A computer-aided image analysis (IA) method of detecting and
measuring radiolucencies in the approximal surfaces of the posterior teeth on bite-wing
radiographs was developed. The image analysis system (SAMBA, Alcatel-TITN,
Grenoble, France) consisted of a Compaq 386/20 computer fitted with a Matrix video
card with a neighbourhood coprocessor (MVT-AT/NP-ES) with proprietary software
(Figure 3a). The radiograph was mounted over a light box and an image of the
transilluminated radiograph was acquired by a Panasonic14 CCD video camera (Figure
3b). The analog video signal was converted to a digital signal512 pixels wide and 512
pixels high. Each pixel consisted of eight bits (ie. 0 to 255 grey or brightness levels).
Each incoming video signal was compared with a composite made up of a number of
previous frames inorder to minimise 'noise' in the video system and to get smooth
pictures. The acquisition and processing of the images was controlled by programs
written within the SAMBA environment by staff of the Department of Physiology,
University of Otago.
7.2

Methods
The camera lens was focussed on the radiograph until an appropriate

magnification was obtained and the height of the video camera was fixed. To calibrate
the image the radiograph was replaced with a ruler and a calibration program
automatically computed the number of millimeters equivalent to one pixel. Calibration of
image intensity was made by reference to intensity values of the 'brightest' (image of an
amalgam filling) and the 'darkest' (an exposed film) feature on a film. The approximal
surface in question was enclosed within a rectangular box and this was further magnified
(Figure 4a ). The outer edge of the enamel was drawn with the mouse (Figure 4b). The
software program then automatically generated a series of contour lines to a permissable
maximum depth of 0.575 mm into the substance of the tooth from the outer edge (Figure
4c). The computer then searched for a drop in grey-level values along each contour line
and the algorithm automatically estimated the lesion boundary (Figure 4d). This
procedure was repeated on each of the proximal surfaces (Figure 4e). The area (in mm2),
and the width, height, and invasion of the carious lesion in millimeters was automatically
calculated (Figure 4f). This method of lesion determination was an adaptation of the
method used by Pitts (1984b) and Pitts and Renson (1987).

14 Panasonic Colour video camera, F200 CCD, Model WV -F 200E
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Figure 3a

The image analysis system consisting of a Compaq computer (A) fitted
with a Matrix video card with a neighbourhood coprocessor (B) with
proprietary software.
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Figure 3b

The radiograph was mounted over a light box (C) and an image of the
transilluminated radiograph was acquired by a video camera (D)

'l

'

\

,,

'I

>

78

Figures 4a and b

The image of the approximal surface in question is acquired
within a rectangular box and magnified (Figure 4a). The outer
edge of the enamel is drawn by clicking and dragging the mouse
(Figure 4b).
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Figures 4c and d

The software program then automatically generates a series of
contour lines to a permissable maximum depth into the substance
of the tooth from the outer edge (Figure 4c). The computer then
searches for a drop in grey-level values along each contour line
and the algorithm automatically estimates the lesion boundary
(Figure 4d).
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Figures 4e and f

The interproximal surface of each tooth is scanned for the
presence of carious lesions (Figure 4e). The computer
automatically estimates the width, height, and area of the carious
lesion (Figure 4f).
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7.3

Comparison of visual assessment and IA methods
Twenty four approximal surfaces with and without visual evidence of

carious lesions on radiographs were selected at random to evaluate the method of Image
Analysis. Following the acquisition of the 24 images, the outer boundary of the enamel
was drawn and the surface scanned for presence or absence of carious lesions as
described above. The sensitivity (ability to correctly diagnose carious lesions ie. truepositives) and specificity (ability to correctly identify sound surfaces ie. true-negatives) of
the IA method when compared to visual assessment was determined. The Diagnostic
Accuracy (DA %-percentage of correct diagnosis) measure was used to compare the
results of of the two methods and is given by the formula
DA%=

TP+TN

x

100

TP+TN+FN+FP
where TP and TN are true-positives and true-negatives respectively and FP and FN are
false-positives and false-negatives respectively (Grondahl, 1979b).
7.4

Reproducibility of the IA system
To determine reproducibility of the IA system, the outer edge of the

enamel of 12 surfaces was drawn twice and scanned for carious lesions. The dimensions
of the carious lesion, if detected, at each of the two tests was compared. A new TV
image of 12 of the other surfaces was acquired and the method repeated. Reproducibility
of the duplicated diagnosis was assessed by Diagnostic Inconsistency Ratio and Kappa
Coefficient.

8

DETERMINATION OF DIETARY FLUORIDE INTAKE
8.1
Collection of 24-hour duplicate meals
Parents were instructed to collect duplicate amounts of all food and
drinks ingested by the child over a period of 24 hours (Appendix 9). The importance of
maintaining a normal or usual dietary pattern, and duplication of the diet as accurately as
possible by visual observations was stressed. In addition the parents were instructed to
provide the child with a bottle of drink, if the sampling was done on a school day, and
were requested not to give any pocket money to the child on that day. The cooperation
of the child in informing the parent of all food and drink ingested on the day of the food
collection was sought. The children were encouraged not to swap their lunch boxes, not
to eat or drink anything except their own lunch and not to throw away any left-overs. An
acid-washed weighed plastic jar with a screw top lid was provided for the food
collection. The 24 hour duplicate diets were collected on three days at intervals of 6
months during the period of the study. The child was weighed at each time on the same
balance.
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8. 2
Homogenisation and storage of food samples
The weight of the food sample collected in the weighed plastic jar was recorded.
The contents of the jar were then transferred into a homogeniser15. The food samples
were homogenised with known volumes of deionised water at uniform speed for 10
minutes. A portion of the homogenised food sample was transferred into a 80 ml plastic
specimen jar which was coded and dated. The food samples were stored at -40°C until
analysed for fluoride content.
8. 3

Analysis of the food samples for fluoride content
8.3.1
Apparatus
Polystyrene plastic laboratory-ware was used as far as
practicable. When glassware was used (glass separatory funnel, glass pipettes), they
were soaked overnight in 1% HN03, rinsed with deionised water, and dried in an oven
before use. Polystyrene Petri dishes16 , 90x15 mm, were used for the diffusion of
fluoride from lOg food samples. An electronic balance17 was used to weigh
10g±0.005g of the food samples. Plastic screw top caps, 20x15 mm (Gibco, Catalogue
No. 200041) were modified to fit inside the Petri dish and were used as receptacles for
the trapping solution of NaOH. The height of the cap was reduced to 12 mm and the
threads on the inner surface of the cap were removed by a bur. A Gyrotary shaker18
was used to accelerate diffusion. Fluoride concentrations were measured with a
Combination Fluoride Electrode7 connected to a Specific Ion MeterS.
8.3.2

Solutions and Reagents
The Hexamethyldisiloxane (HMDS)- HCl acid diffusion

method (Taves, 1978) was used to isolate the fluoride from the food samples. As most
batches of HCl are contaminated with appreciable amounts of fluoride (Taves, 1978), a
solution of 6M HCl was prepared and treated by the method of Taves (1978) to remove
extraneous fluoride; 200 ml of HCl (Univar)19 was shaken with 25 ml of HMDS
(Sigma)20 for 5 minutes in a glass separatory funnel. The top silicone layer containing
fluoride extracted from the acid was discarded and a fresh amount of HMDS (25 ml) was
added and the procedure repeated. To prepare a solution of 6M HCl saturated with
HMDS, a fresh amount of HMDS (25 ml) was added to the treated acid. Aliquots of
HMDS-HCl solution were drawn from the bottom as required. The trapping agent was

15 Waring Commercial Blendor 8011, Model32 BL 80, Waring Product Division, Connecticut.
16 Gibco New Zealand Limited, Auckland, New Zealand.
17 Mettler PJ 360 Delta Range. Mettler Instrumente AG. CH-8606, Greifensee, Zurich.
18 New Brunswick Scientific, New Jersey, USA.
19 UnivarAnalytical Reagent, Ajax Chemicals Property Limited, New South Wales, Australia
20 Sigma Chemicals Company, St. Louis, U.S.A.

83

1.65 M NaOH (Univar). Total Ionic Strength Adjustment Buffer (TISAB III) was used
to dissolve the dried crystals in the cap, and to adjust the pH and ionic strength of the
solution. Standard fluoride solutions ranging from 0.01-10.0 J..Lg/ml fluoride were
prepared by serial dilution of a 100 J..Lg/ml stock solution. The 100 J..Lg/ml (or 1mg F/1
litre of water) standard solution was prepared by dissolving 0.221g of NaF (mw of
NaF=41.99g and mw of F=19g) in 1litre of deionised water.
8. 3. 3

Method of acid diffusion
Figure 5 summarizes the steps involved in the isolation of

the acid labile fluoride from the food samples and its determination. The homogenised
food samples stored frozen in coded jars were allowed to thaw at room temperature and
lOg

± 0.005

g of the sample was weighed out into a tared and coded Petri dish. A

modified cap containing the trapping solution of 1.65 M NaOH was floated in the
sample. A small hole was made in the lid of the petri-dish at a distance of about 1 em
from the periphery and the lid was replaced on the petri dish. A strip of sealing film
(Nescofilm)21 was stretched around the periphery of the petri-dish to seal off the contents
from the external environment. One ml of 6M HCL saturated with HMDS was pipetted
through the hole in the lid which was then immediately sealed with paraffin and a strip of
adhesive tape. The Petri dish was placed on the gyrotary shaker and agitated at 80-90
rpm for 12 hours. The lid of the petridish was then pried off, the cap was removed, and
dried in the oven at 105° C for 3 hours. The dried crystals were then dissolved with 1.0
ml of TISAB III giving a pH of 4.5-5.2. The combination fluoride electrode which was
calibrated to read from 1-10 J..Lg/ml of fluoride was dipped into the cap and the
concentration of the free fluoride ion in the buffered solution was read directly on the
407 AIL Ionalyser after 5 minutes. The HMDS reacts with the bound fluoride in food to
form Trimethylfluorosilane (TMFS) and silanol.
8.3.4

Calculation of the daily dietary fluoride intake
Two separate aliquots (10±0.005g) of each of the

homogenised food samples were analysed for fluoride content and the mean reading
taken. The fluoride content in lg of the liquid homogenate was calculated. The weight
of food eaten per day was determined by recording the difference in the weight of the jar
before and after food collection. The child was weighed, without shoes, at each time on
the same weighing machine. From these values the fluoride intake of each individual at
each of the three times was calculated. This was expressed as dietary fluoride intake per
child and as fluoride intake per kg body weight for each child. The fluoride content of
the diet was also calculated and expressed as mg!kg of total daily food and drinks.

21 Nesco, Bando Chemical Industries Limited, Kobe, Japan
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Figure 5

Steps involved in the analytical procedure for the detennination of acid
labile fluoride from a liquid homogenate of food.

®
~. ..........,. .."····"~"·b·

·" -

®

©

~·:c.::::·•cJ\ii-i%V~ijt'l -

~iW*ir;~r11f

r
-~--~
®

,__®-111111111.-,

®

@

L.....J ----- ~--

(A) 10 ± 0.005 g of liquid homogenate in petridish
(B) Cap containing 0.1 m1 of 1.65 M NaOH floated in sample
(C) Lid replaced and sealed and 0.5 m1 of fluoride-free 6M HCl added
through vent in lid
(D) 1.0 ml of HCl-saturated with HMDS added and vent sealed off
(E) The petridish kept on Gyrotory shaker (70-80 rpm) overnight
(F) Contents of cap dried at 105· C for 3 hours
(G) Dried crystals of NaF dissolved in TISAB Til
(H) Fluoride concentration measured with the Combination Fluoride
Electrode and Specific Ion Meter.
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8. 4

Validation of methods
8.4.1
Duplication techniques
Parents were asked if they had had any problems

duplicating and collecting the food; if any food item ingested by the child had not been
possible to collect; if the child had been under close supervision; and if there had been
any changes in the dietary pattern on that day. Children in the 7-8 year old group were
asked if they had had something to eat or drink at school or at home of which the parent
had not been informed. If any food item consumed had not been put in the jar a duplicate
portion was requested and added to the sample collected. If the child had had an unusual
diet on the day for any particular reason then the parents were requested to repeat the food
collection. In addition the diet record was discussed with the parent to double check
whether all food items consumed had been included in the jar.
8.4 .2

Analytical procedure
To determine validity of the analytical procedure the

standard fluoride solutions were analysed for fluoride by the same procedure as used for
the analysis of fluoride in food samples and standard curves were drawn. In addition,
recovery experiments were run on 10% of the food samples to which known amounts of
fluoride were added. Repeat analysis of fluoride was carried out on 10% of the food
samples. These procedures were repeated at each of the three times.

9

DIET RECORDS AND FOOD FREQUENCY QUESTIONNAIRES
9 .1
Maintenance and analysis of diet records
The parents were instructed to write down on diet record sheets the
time, type and amount (in household measures) of food and drinks every time the child
had something to eat or drink (Appendix 10). The weight of each food item listed was
then estimated from the amounts noted in household measures. The food item consumed
was selected from "FOOD files" the computer version of the New Zealand food
composition table compiled by the Biotechnology Division of Department of Scientific
Industrial Research (DSIR), 1978. The dietary data was then analysed for the intake of
46 nutrients (Appendix 11) on the Apple Macintosh computer with the "Diet Entry &
Storage/Diet Cruncher©" programme, a batch processing diet analysis system, written by
Ross Marshall in 1991, in Hypercard (version 2-0). This data was then transferred to the
mainframe computer. Correlations between the intake of several nutrients and caries
progression and fluoride intake were analysed.
9.2

Food frequency questionnaire
Information concerning the frequency of consumption of certain foods

and drinks as listed in Appendix 12 was obtained by a food frequency questionnaire
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(FFQ) adapted from one which had been assembled by Baghurst and Baghurst (1981) in
Adelaide for pre-schoolers. The purpose of the questionnaire was to determine if there
were any differences in the frequency of intake of some cariogenic foods in children who
remained caries free and those who developed, or showed progression of carious lesions
over the 1 year study period. The questionnaire provided information on amounts
consumed by asking respondents to make comparisons with a specified standard serving.
The FFQ was administered at the end of the study in an attempt to obtain information of
the child's eating pattern over the past year.
Chi-squared and Fisher's exact test (where applicable) were used to
determine if there was any association between the frequency of consumption of certain
foods and drinks as listed in Appendix 12 and caries activity.

10

FLUORIDE INTAKE FROM TOOTHPASTE
The parent was asked not to allow the child to brush on the morning of the
appointment. Attempts were made to simulate real home-use conditions by replicating
whether the parent or the child did the brushing, the size of toothbrush used, how much
paste was spread on the brush, whether the parent or the child spread the toothpaste,
whether the child expectorated after brushing, and the length of time the child or parent
brushed. The parent was asked to bring a new toothbrush similar in size to the one that
the child normally used and the toothpaste used by the child. The brush was wetted and
weighed on an electronic balance. An amount of the toothpaste was dispensed by the
parent or child on to the toothbrush. The weight of the 'loaded' brush was recorded.
Brushing was performed by the child with or without assistance by the parent and under
supervision of the examiner. Depending on the habit, the child would or would not
expectorate, or rinse out the mouth. Any expectorated saliva was carefully collected in a
weighed, plastic, wide-mouth specimen jar. The toothbrush was thoroughly rinsed in
deionised water and the rinse was transferred into the plastic jar. The weight of the jar
with the saliva and rinse was noted. Information on frequency of brushing was obtained.
The fluoride content of the toothpaste was assumed to be as stated by the manufacturer.
The fluoride content of the collected liquid was determined by the HMDS-HCI
diffusion technique of Taves (1968) and by the Fluoride electrode. The amount of
fluoride ingested was then derived from the differences between that in the amount of
toothpaste used and the amount expectorated.
11

FLUORIDE CONTENT AND FLOW RATE OF SALIVA
An appointment was scheduled on the morning following the food collection, 2
hours after the low fluoride breakfast. The parents had been requested not to allow their
child to brush their teeth that morning.
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11.1

Collection of mixed saliva
Stimulated mixed saliva was collected in preweighed plastic jars. The

saliva was collected for 5 minutes from the floor of the mouth by vacuum suction (Figure
6a) . The suction was always turned to its full capacity. Stimulation of secretion was
achieved by dropping 0.1 m1 of fruit juice (Just Juice®) on the tongue every 30 seconds.
To avoid contamination of the mixed saliva the juice was placed as far posteriorly on the
tongue as possible. After each use the plastic tubing was washed in hot water and soap
solution, rinsed with deionised water and autoclaved.

11.2

Collection of parotid saliva
The child was seated in the upright position away from bright lights.

The child rinsed his or her mouth with deionised water. The cheek was retracted and the
area around the ductal opening of one of the parotid glands was wiped dry. The modified
(diameter reduced by 0.4 ems) Carlson-Crittenden device (Figure 6b) was placed over the
opening. Stimulation of secretion was achieved by dropping 0.1 m1 of Just Juice4 on the
tongue every 30 seconds. Parotid saliva was collected for 10 minutes in preweighed
plastic jars. After each use the cups with the tubes were washed in hot water and soap
solution, rinsed with deionised water, and autoclaved.

11. 3

Analysis of the fluoride content of saliva
The HMDS-HCl diffusion method as already described was used for

the isolation of fluoride from the samples of saliva but the dried crystals were dissolved
in 1 m1 of low-level TISAB. The Known Addition-Slope Determination Technique as
described by Ekstrand (1977) was used to determine the fluoride content of the solution
with the fluoride electrode.
The buffered sample was in contact with the electrode for about 25
minutes until a stable meter reading in j...Lg/ml was obtained. The potential (ExO) was
recorded.

To the sample was then added 1/10 volume of about 10 times more

concentrated, buffered NaF standard (Cs). The new potential (Ex1) was recorded.
The fluoride concentration of the sample (Cx) was then calculated using
the following formula:
Cx

1

Cs

=

X
antilog Ex1- ExO x (10+1)- 10

0.909

s
where S is the Nemst factor of the Electrode Slope. In order to investigate the accuracy
of fluoride determination, recovery experiments were performed. To the samples of
saliva, known amounts of fluoride were added and the samples were diffused and
analysed for fluoride content.
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Figure 6a

The suction device used for the collection of mixed saliva.
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- Figure 6b

The modified Carlson-Crittenden device used for the collection of
parotid saliva
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12

GENERAL QUESTIONNAIRE
At the end of the study a questionnaire (Appendix 13) was administered to the
parent of each participant. The coded answers were punched into the computer.
The questionnaire provided the following information about the child: age, sex,
school dental clinic/s attended, areas of residence, use of fluoride tablets, brushing
habits, dietary habits, health, use of oral medications, and birth term. The questionnaire
also elicited information on the parent's (mother's) beliefs on the effect of diet on caries,
whether brushing habits of the child were supervised, marital status, the parents'
educational qualifications and occupations, socioeconomic status which was judged by
the Elley Irving Index (1979), number of siblings, order of child in the family, and the
parent's attitude to their own dental health.
13

STUDY PERIOD AND APPOINTMENTS
The children were followed for a period of 12 months starting from January
1990. The procedures of collection of 24 hour duplicate meals, and saliva, clinical dental
examination, and measurement of toothpaste intake were repeated after 6 and 12 months.
A medical history was taken before each visit. All the children were examined for carious
lesions radiographically at the beginning (t=O months) and at the end of the study (t=12
months). Children in the caries-active group received additional radiographs at t=6
months time.
At the first meeting, diet record sheets and coded, preweighed, acid-washed,
2L, plastic containers for the collection of food were distributed to the parents. The
parents chose any day between Sunday and Thursday to collect the food. A 45 minute
appointment was made for the morning of the day after the food collection at least 2 hours
after the standard breakfast. This time was used for the collection of samples of parotid
and mixed saliva, for clinical and radiographic dental examination, and for the
measurement of the amount of fluoride swallowed. The next appointment to repeat the
procedures in 6 months time ± 2 weeks was scheduled and the parents were given
another preweighed acid-washed plastic container and a diet record sheet. The parents
were reimbursed at the rate of $15.00 for the cost of the meal provided and travel at each
of the three times.
Usually, three children were seen each day (Monday to Friday). As all the
appointments, which were 45 minutes long, had to be in the mornings it took about 3-3.6
months to collect information from all the children. The first collection period was
between February 1990-May 1990, the second was between August 1990-November
1990 and, the final was between February 1991-May 1991.
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14

STATISTICAL ANALYSIS
14.1 Statistical package used
Data from the fluoride analysis, general questionnaire, food frequency
questionnaire, nutrient analysis, and clinical and radiographic dental examination was
analysed using the Statistical Package for the Social Sciences (SPSS-X Release 3.1) on
the mainframe Vax computer. Multiple logistic regression analysis was done on the
GLIM-3.4 programme.
14. 2

Statistical tests
Means, standard deviations, standard errors, 95% confidence intervals,
paired t-tests, analysis of variance CANOVA), Pearson's parametric correlations,
Spearman's non-parametric correlations, chi-square (x.2) tests with and without
correction for continuity, Fisher's exact test, and multiple logistic regression analysis
were used as appropriate in the analysis of the data. A typical ANOVA table produced by
the SPSS-X statistical package is shown in Appendix 15 a; where appropriate t-tests
were done using the value of the residual error mean square derived from ANOVA.
14.3

Bivariate associations between outcome and explanatory
variables
The associations between the explanatory variables as listed in
Appendix 14 and the outcome variable (low and high caries active children) were initially
evaluated in a bivariate way by chi-square statistics (with or without correction for
continuity depending upon the number of observations), Fisher's exact tests, and
Spearman's or Pearson's correlation coefficients. Bivariate analyses were used for
descriptive purposes and for preliminary assessments of patterns of association between
the explanatory variables and the response variable.
14.4

Multivariate associations between outcome and explanatory
variables
In addition to the bivariate analysis, the association between the
dichotomous (O=Low-caries and 1=High-caries) response criterion for caries activity and
explanatory variables was analysed in a multivariate way using logistic regression
methods. This enabled the evaluation of each explanatory variable in a setting where the
roles of all others were taken into account. Thus any significant relationship identified
for an explanatory variable could be interpreted as applying to that variable rather than
being due to the correlation of that variable with other explanatory variables in the model.
Details of the logistic regression analysis and its interpretation are described in Appendix
15 b.
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When the number of explanatory variables is small (e.g.

~

30) their

multivariate consideration is usually feasible and relevant as they can all be included in
one logistic regression model. However, in this study data on 99 explanatory variables
were collected. The strategy used for data reduction purposes involved screening
analysis to identify a manageable subset of explanatory variables considered significant
for evaluation purposes. At first only a subset of variables that were anticipated as
having strong relationships with the response variable on the basis of univariate
associations, previous studies, and biological theories were fitted in the model. Stepwise
regression methods were then used to determine the additional variables to include after
adjustment for all previously included explanatory variables. Restricted regression
models were compared to the full logistic regresssion model and a final regression model
was developed. A value of p ~ 0.05 was used as a cut-off criterion for retaining
variables in the final regression model.

14.5

Risk assessment
The objectives of risk assessment were: (1) the evaluation of the
association of the respective risk factors with high caries activity in a multivariate setting
where other risk factors and background characteristics for the subjects were taken into
account so as to determine a subset of risk factors; (2) the specification of a multivariate
model that described the relationship of the probability (or incidence) of high-caries risk
activity to the risk factors and background characteristics; and (3) to use the above
multivariate model to identify high-risk children
Relative risks (RR) with their associated confidence intervals (95 %
confidence intervals) were calculated from the results of multivariate logistic regression
analysis as shown in Appendix 15 b. Statistical significance (P values) of the variables
was also determined.
14. 6

Evaluation of the prediction model
The preferred measures for evaluation of disease prediction methods
are model sensitivity and model specificity. The sensitivity and specificity of the
prediction model was determined. Sensitivity was defined as the proportion of observed
or true high-disease-formers who were correctly predicted to be at high risk, a priori.
Specificity was defined as the proportion of observed or true low-disease-formers who
were correctly predicted to be at low disease risk. A model with a sensitivity of 0.75 or
more and specificity of 0.85 or more is considered relatively accurate (Stamm et al.,
1988).
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SELECTION OF CHILDREN FROM SCHOOL DENTAL
RECORDS
1.1
Children aged 7-8 years
A total of 1027 children aged 7-8 years in December 1989 were
enrolled in the 21 school dental clinics in the non-fluoridated (NF) and fluoridated (F)
areas. The school dental records, which are based on clinical diagnosis only, showed
that of the 210 children resident in the NF areas, 41 (19.5%) had a decayed, missing, and
filled teeth (dmft/DMFT) score of 0 ('no-caries'), 56 (26.7%) had a dmft/DMFf score of
;::: 6 ('high-caries'), and the remaining 113 (53.8%) had a score of between 1 and 6
dmft/DMFf (Table 6).
The school dental records of the 817 children resident in the F areas
showed that 278 (34%) had a dmft/DMFT score of 0 ('no-caries'), 145 (18%) had a
dmft/DMFT score of;::: 6 ('high-caries'), and the remaining 394 (48%) children had
between 1 and 6 decayed, missing, and filled teeth (Table 6).
The proportion of children diagnosed clinically as being caries-free in
the F areas (34%) was significantly (x2= 242; df=1; p<0.001) higher than that in the
NF areas (19.5%), and the proportion of children diagnosed clinically as having highcaries in the F areas (18%) was significantly (x2= 8.4; df=1; 0.001<p<O.Ol) lower
than that in the NF areas (27%).
1. 2

Children aged 3-4 years
A total number of 813 children aged 3-4 years in December 1989 were
enrolled in the 21 school dental clinics in the NF and F areas. The school dental records
of the 189 children resident in the NF areas showed that 140 (74 %) children had a
decayed, missing, and filled teeth (dmft) score of 0 ('no-caries'). Only 6 (3 %) children
were found to have a dmft score of ;::: 6 ('high-caries'); and 49 (26 %) children had a
dmft score of~ 1 (Table 6).
The school dental records of the 624 children resident in the F areas
showed that 530 (85 %) children had a decayed, missing, and filled teeth (dmft) score of
0 ('no-caries'). As was the case in the non-fluoridated areas, very few 6 (1 %) children
had a dmft score of ~ 6; and 94 ( 15 %) children had a dmft score of~ 1.
The proportion of children diagnosed clinically as being caries-free in
the F areas (85%) was significantly (x2= 12; df=1; p<0.001) higher than that in the NF
areas (74%). Due to the small numbers of children with~ 6 dmft in this age group, all
children with a dmft score of ;:::1 were included in the sampling. The proportion of
children with a clinical dmft score of;:::1 in the F areas (15%) was significantly (x2= 12;
df=1; p<0.001) lower than that in the NF areas (26%).
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Table 6.

Number of children aged between 3-4 and 7-8 years with 'no-caries' and
'high-caries' as identified from dental records kept by the 21 school dental
nurses in the fluoridated and non-fluoridated areas of Dunedin.
FAREAS

TOTAL

210

817

1027

41

278

319

(19.5)

(34.0)

(31.1)

56

145

201

(26.7)

(17.7)

(19.6)

189

624

813

140

530

670

(74.1)

(84.9)

(82.4)

49

94

143

(25.9)

(15.1)

(17 .6)

Nos. with dmft :2: 6

6

6

12

Nos. with dmft :2: 3 and< 6

10

22

32

Nos. with dmft :2: 2 and < 3

6

14

20

Nos. with dmft :2: 1 and< 2

27

52

79

NFAREAS

CHILDREN AGED 7-8 YEARS
Total enrolled
'No-caries' group
CDMFf/dmft=O)

Nos. 'caries-free'
% 'caries-free'

'High-caries' group
CDMFf/dmft > 6)
Nos. 'high-caries'
% 'high-caries'
CHILDREN AGED 3-4 YEARS
Total enrolled
'No-caries' group
(dmft=Q)

Nos. 'caries-free'
% 'caries-free'

'High-caries' group
(dmft > 1)
%with :2: 1

94

2

RESPONSE RATE
The response rate of parents of children, in the different groups, invited to
participate in the study ranged from 35% - 46% with an average of 41% (Table 7). No
significant (p>0.5) differences were found in the response rates of the groups. Among
the reasons given for non-participation were non-availability during the study period (as
the first phase was commenced during the Christmas holidays), expected transfers to
other areas in New Zealand or overseas, ill health of the child, child's past negative
experiences with the dentist, transport problems, concern over dental radiographs,
duration of the study period, inability to supervise food collection during the day, and
disinterest in the study.
3

FINAL SELECTION BASED ON DENTAL EXAMINATION
3. 1
No-caries group
Children selected based on school dental records of dmf/DMF teeth
were examined for dmf/DMF surfaces both clinically and radiographically. Of the 84
children initially selected as having 'no-caries' (drnft/ DMFT= 0) (Table 8) it was not
possible to take radiographs in one child aged 3-4 years, and 11 (13%) children were
found to have clinical and or radiographic evidence of decay. Two of the children had;?:
3 decayed surfaces and were included in the 'high-caries' group; the remaining nine
children were not selected to participate in the study.
Of the 72 available children with a clinical and radiographic
dmfs/DMFS score of 0 (no-caries) 71 completed all aspects of the study at baseline. At
the end of 12 months 69 children were available; two subjects had moved to other areas.
3. 2

High-caries group
Of the 84 children initially selected as having 'high-caries' (drnft!DMFT
;?: 6 in the older age group and ;?: 2 in the younger age group) it was not possible to take
radiographs in two children aged 3-4 years. One child had received dental radiographs in
the previous 6 months; four children had a large missing and filled component but
showed no further signs of decay and were therefore not selected to participate in the
study.
Of the 79 available children who had clinical and radiographic evidence
of;?: 3 decayed surfaces, 7 6 completed all aspects of the study at baseline. At the end of
12 months, six children in this group were not available; four had moved to other areas
and parents of two children withdrew their child from the study for personal reasons
(Table 8).
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Table 7.

Response rate of the population invited to participate in the study.

Age (years)

No enrolled at the
school dental clinic
No-Caries group
Total no. eligible based
on clinical dental records
No. randomly selected

NF AREAS
3-4
7-8

F AREAS
3-4
7-8

3-4

TOTAL
7-8

189

210

624

817

813

1027

140

41

530

278

670

319

56

41

54

63

110

104

22

18

22

22

44

40

44%

41%

35%

40%

38%

to participate
No. consenting to
dental examination
Response rate

39%

High-Caries group
Total no. eligible based
on clinical dental records

44

56

76

145

120

201

No. randomly selected

44

48

50

54

94

102

18

22

22

22

40

44

46%

44%

41%

43%

43%

to participate
No. consenting to
dental examination
Response rate

41%
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Table 8

Final number of children selected following dental examination and numbers
available at each of the three times .

Age (years)

NF AREAS
3-4
7-8

F AREAS
3-4
7-8

No-Caries group (based on school dental records)
22
22
18
No. consenting
Radiographs not possiblel
1
0
0
2
2
No. found to have caries2
3
19
19
No. with no evidence of caries
16

TOTAL
3-4 7-8

22

44

40

0

1

4
18

5

0
6

38

34

TOTAL
At baseline

18

16

19

18

37

At 6 months

18

16

18

35

At 12 months

18

16

17
17

18

35

34
34
34

High-Caries group (based on
No. consenting
From no-caries group3
Total consenting
Radiographs not possible4
No. with no sign of further decayS
No. with evidence of caries

school
18
1
19
1
0
18

dental records)
22
22
22
1
0
0
22
22
23
1
1
0
3
1
0
21
18
22

40

44

1

1

41

45

2

1

3

1

36

43

17
17
17

20

19

18
19

TOTAL
At baseline
At 6 months
At 12 months

36

40

17

20
20

34

38

15

19

32

38

1 Radiographs were not possible due to non-compliance
2 Dental examination showed radiographic evidence of carious lesion
3 Children in the no-caries group with radiographic evidence of 2:: 3 carious lesions were

included in the high-caries group
4 Radiographs not possible if non-compliant (n=2) or if exposed to radiographs in the
last six months (n=1)
5 Children with large filled component but no evidence of active decay at the time of
examination
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3. 3

Total study population
At baseline, 151 (90%) of the 168 children who agreed to participate
were selected for the study; 147 children completed all aspects of the study at baseline;
141 children were available at 6 months; 139 children were available at 12 months. Of
the 139 children that remained, 135 had completed all aspects of the study at each of the
three times. To reduce bias in the comparison of findings over time only those children
with complete sets of records (n= 135) were included in all the calculations.

4

INTRA-EXAMINER VARIABILITY IN DENTAL EXAMINATION
4 .1
Clinical examination
To measure agreement in the clinical diagnosis of sound and decayed
surfaces the kappa statistic was used. Table 9 a gives the results of the two clinical
examinations conducted 2 weeks apart on 14 children. A kappa value of 0.99 was
obtained.
4. 2

Radiographic examination
Similarly, to measure agreement in the radiographic diagnosis of sound
and decayed surfaces, the kappa statistic was used. Table 9b gives the results of two
readings of 14 pairs of bitewing radiographs taken 4 weeks apart. A kappa value of 0.98
was obtained
In addition, the reliability with which the depth of a radiolucency was
estimated was also determined from Table 9 b. In the case of lesions in the outer half of
enamel (Rl), a kappa value of 0.94 was obtained; for lesions in the inner half of enamel
(R2), a kappa value of 0.98 was obtained; and for lesions in the outer and inner half of
dentine (R3 and R4) respectively, a kappa value of 0.99 was obtained.

5

CLINICAL VERSUS RADIOGRAPHIC DIAGNOSIS
Following dental examination the clinical diagnoses made on the proximal
surfaces of each of the posterior teeth was compared with the radiographic diagnoses.
These are presented for each age group in Tables lOa andb. Only surfaces that were in
contact with an adjacent surface and were not overlapped or missing on radiographs were
included. The tables also show the degree of penetration of a carious lesion on
radiographs that may or may not have been diagnosed clinically as being carious
5 .1

Diagnosis of sound surfaces
5 .1. 1
Children aged 3-4 years
Overall 81% (831/1023) of surfaces diagnosed as being
sound clinically also showed no radiographic evidence of caries (Table lOa). Of the
proximal surfaces that were diagnosed as being sound clinically 13% (137/1023) had
radiographic evidence of lesions in the outer half of enamel; 4% (41/1023) had
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Table 9 a

Results of two clinical examinations conducted two weeks apart on 14
children.

EXAMINATION 1

EXAMINATION 2
2
1

0

3

Sound

0

1346

4

0

0

Early caries -White spots

1

3

261

0

1

Surface discolouration

2

0

0

65

0

Cavity

3

0

0

0

3

Table 9 b

Results of two readings of 14 pairs of radiographs taken four weeks apart.

EXAMINATION 1

0

EXAMINATION 2
2
1
3

4

Sound

0

127

2

0

0

0

Lesion in outer half of enamel

1

4

57

4

0

0

Lesion in inner half of enamel

2

0

0

22

0

0

Lesion in outer half of dentine

3

0

0

0

13

1

Lesion in inner half of dentine

4

0

0

0

1

1
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Table 10 a

Clinical versus radiographic diagnosis of the presence or absence of carious lesions on the proximal surfaces of the posterior teeth of
children aged 3-4 years. R1 and R2 are carious lesions in the outer and inner half of enamel respectively and R3 and R4 are carious
lesions in the outer and inner half of dentine respectively.

RADIOGRAPHIC DIAGNOSIS
CLINICAL
DIAGNOSIS

Sound

R1

R2

R3

R4

Total
carious

Filled and
sound

Filled and
carious

Unreadable

TOTAL
READABLE

831

137

41

12

2

192

0

0

76

1023

Early caries

1

2

5

1

1

9

0

0

0

10

Cavity

0

0

4

6

2

12

0

0

0

12

Filled & sound

0

0

0

0

0

0

6

3

0

9

Filled and carious

0

0

0

0

0

0

1

2

0

3

832

139

50

19

5

213

7

5

76

1057

Sound

TOTAL

radiographic evidence of lesions in the inner half of enamel;

1% (12/1023) had

radiographic evidence of lesions in the outer half of dentine; and 0.2% (2/1023) had
radiographic evidence of lesions in the inner half of dentine (Table lOa). Of the nine
proximal surfaces diagnosed clinically as being filled and sound, 33% were found
radiographically to be filled and carious.
5.1.2

Children aged 7-8 years
In the older age group, 7 4% of surfaces diagnosed as being

sound clinically also showed no radiographic evidence of caries (Table lOb). Of the
proximal surfaces that were diagnosed as being sound clinically 18% had radiographic
evidence of lesions in the outer half of enamel; 7% had radiographic evidence of lesions
in the inner half of enamel; and 2% had radiographic evidence of lesions in the outer half
of dentine (Table 1Ob). Of the 184 proximal surfaces diagnosed clinically as being filled
and sound, 15% were found radiographically to be filled and carious.

5.2

Diagnosis of carious surfaces
5 .2.1
Children aged 3-4 years
Clinical examination alone failed to detect a number of
lesions on the proximal surfaces of teeth. Overall, of the 213 surfaces diagnosed as
being carious radiographically, only 22 (10%) surfaces were diagnosed clinically as
being carious; 6% (11/189) of all radiographically detected Rl and R2 lesions were
detected by clinical examination alone; 37% (7/19) of all radiographically detected R3
lesions were detected by clinical examination alone; and 60% (3/5) of all radiographically
detected R4lesions were detected by clinical examination alone (Table lOa). Only one
surface diagnosed clinically as being carious was not detected radiographically as being
carious.
5.2.2

Children aged 7-8 years

Similar to the findings in the younger age group, clinical
examination alone failed to detect a number of lesions on the proximal surfaces of teeth in
the older age group.

Overall, of the 325 surfaces diagnosed as being carious

radiographically, only 29 (9%) surfaces were diagnosed clinically as being carious; 1.4
% (4/278) of all radiographically detected Rl and R2lesions were detected by clinical
examination alone; 48% (19/40) of all radiographically detected R3lesions were detected
by clinical examination alone. All lesions with radiographic evidence of a radiolucency in
the inner half of dentine (R4) were detected by clinical examination alone (Table lOb).
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Table lOb Clinical versus radiographic diagnosis of the presence or absence of carious lesions on the proximal surfaces of the posterior teeth of
children aged 7-8 years. R1 and R2 are carious lesions in the outer and inner half of enamel respectively and R3 and R4 are carious
lesions in the outer and inner half of dentine respectively.

RADIOGRAPHIC DIAGNOSIS
CLINICAL
DIAGNOSIS

TafAL
READABLE

Sound

R1

R2

R3

R4

Total
carious

Filled and
sound

Filled and
carious

826

200

74

21

0

295

0

0

114

1121

Early caries

0

1

3

5

0

9

0

0

1

8

Cavity

0

0

0

14

7

21

0

0

0

21

Filled & sound

1

0

0

0

0

0

157

26

0

184

Filled and carious

0

0

0

0

0

0

4

4

0

8

827

201

77

40

7

325

161

30

115

1343

Sound

TOTAL

Unreadable

6

OVERLAPPED AND MISSING SURFACES ON RADIOGRAPHS
The number of unreadable proximal surfaces on radiographs due to overlapping
of the enamel and dentine was recorded. Missing surfaces due to incorrect positioning of
the film in the mouth was the other reason for unreadable surfaces.
6 .1

Children aged 3-4 years
The proportion of proximal surfaces that were unreadable on
radiographs due to overlapping ranged from 1% on the distal surface of the second
primary molar to 8% on the mesial surface of the second primary molar. Overall4% of
all interproximal surfaces (including the distal surfaces of the canines) were unreadable
due to overlapping (Table 11 a). Overlapped and missing surfaces together on all
posterior proximal surfaces resulted in 9% of surfaces being unreadable.
6. 2

Children aged 7-8 years
The proportion of proximal surfaces that were unreadable on
radiographs due to overlapping ranged from 2% on the distal surface of the first primary
molar to 8% on the mesial surface of the first primary molar. Overall 6% of all
interproximal surfaces (including the distal surfaces of the canines and the mesial surfaces
of the first permanent molars) were unreadable due to overlapping (Table llb).
Overlapped and missing surfaces together on all posterior proximal surfaces resulted in
9% of surfaces being unreadable. Excluding the distal surfaces of the canines and the
mesial surfaces of the first permanent molars, overlapped and missing surfaces together
on all posterior proximal surfaces resulted in 7% of surfaces being unreadable.
7

DECAYED, MISSING, AND FILLED SURFACES AT BASELINE
Seventy one children had a dmfs/DMFS score of 0 at baseline. The mean (±SD)
number of decayed (diD), missing (m/M), filled (f!F), sealed, and dmf/DMF surfaces in
the 74 high-caries children at baseline is shown in Table 12.
7.1

Decayed (d/D) surfaces (excluding sealants)
7 .1.1
Diagnostic criteria (A)
Diagnostic criteria A recorded white spots, surface
discolorations, frank cavitation, and radiolucencies in enamel and dentine as decay.
According to this criteria, the mean (±SD) number of decayed surfaces for the group of
34 children aged 3-4 years ranged from 5.8 (±3.3) to 14.4 (±3.1); and for the group of
40 children aged 7-8 years it ranged from 10.8 (±4.8) to 11.4 (±3.6). The mean number
of early decayed surfaces (white spots) was greatest in the group of children aged 3-4
years from the F areas.
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Table lla:

Number of overlapped and missing posterior proximal surfaces on
radiographs of 73 children aged 3-4 years.
Enamel
Dentine
overlapped overlapped

No of available
surfaces

CANINES
Distal surfaces

291

8
(3%)

291

SECOND PRIMARY MOLARS
292
Mesial surfaces

Distal surfaces

TOTAL

1166

26

Total
l.ll1readable

(0.3%)

(9%)

9

1

10

25

35

(3%)

(0.3%)

(3%)

(9%)

(12%)

14

1

15

23

(5%)

(0.3%)

(5%)

8
(3%)

2

23

(7%)

(0.7%)

2

1

(0.7%)

21

54
(4%)

TOTAL
(excluding canines)

film

35
(12%)

292

1457

Not on

9
(3%)

FIRST PRIMARY MOLARS
Mesial surfaces
291

Distal surfaces

1

Total
overlaps

46
(4%)

104

(8%)

29

(8%)

6
(2%)

(10%)

(0.3%)

3
(1%)

5
(2%)

8
(3%)

6
(0.5%)

60
(4%)

70
(5%)

130
(9%)

5

51

44

95

(0.4%)

(4%)

(4%)

(8%)

Table llb:

Number of overlapped and missing posterior proximal surfaces on
radiographs of76 children aged 7-8 years.
Enamel
Dentine
overlapped overlapped

No of available
stnfaces

Total
overlaps

Not on
film

Total
unreadable

CANINES
Distal surfaces

304

22
(7%)

0
(0%)

22
(7%)

29
(10%)

51
(17%)

FIRST PRIMARY MOLARS
Mesial surfaces

294

23
(8%)

0
(0%)

23
(8%)

25
(9%)

48
(16%)

Distal surfaces

294

5
(2%)

0
(0%)

5
(2%)

0
(0%)

5
(2%)

SECOND PRIMARY MOLARS
Mesial surfac~s

302

9
(3%)

0
(0%)

9
(3%)

0
(0%)

9
(3%)

Distal surfaces

302

21

21
(7%)

0
(0%)

21

(7%)

0
(0%)

(7%)

304

23
(7%)

0
(0%)

23
(7%)

5
(2%)

28
(9%)

TOTAL

1800

103
(6%)

0
(0%)

103
(6%)

56
(3%)

159
(9%)

TOTAL

1496

81
(5%)

0
(0%)

81
(5%)

27
(2%)

108
(7%)

58
(5%)

0
(0%)

58
(5%)

22
(2%)

80
(7%)

FIRST PERMANENT MOLARS
Mesial surfac~

(excluding canines)
TOTAL
(excluding canines and

1192

first permanent molars)
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7 .1.2

Diagnostic criteria (B)
The mean (±SD) number of decayed surfaces calculated

according to this criteria was much lower. This is because criteria B did not include early
evidence of caries such as white spots, surface discolorations, or radiolucencies in outer
half of enamel as decay. According to diagnostic criteria B, the mean (±SD) number of
decayed surfaces ranged from 1.2 (±1.5) to 3.8 (±3.3) for the group of children aged 3-4
years and from 3.4 (±1.9) to 4.4 (±3.1).for the group of children aged 7-8 years. The
greatest difference in the number of decayed surfaces calculated by diagnostic criteria A
and B was seen in the group of children aged 3-4 years from the F areas.
7 .1. 3

Diagnostic criteria (C)
The mean (±SD) number of decayed surfaces dropped even

further according to criteria C. This is because criteria C did not include early evidence of
caries such as white spots, surface discolorations, or radiolucencies in outer or inner half
of enamel as decay. As only frank cavitation and radiolucencies in the dentine were
considered as decay the decayed component ranged from 0.8 (±1.1) to 1.2 (±1.9) for the
group of children aged 3-4 years and from 1.0 (±1.2) to 2.3 (±2.5) for the group of
children aged 7-8 years.

7. 2

Filled (f/F) surfaces (excluding sealants)
The mean (±SD) number of filled surfaces ranged from 1.5 (±1.2) to
3.9 (±4.0) in the group of children aged 3-4 years and from 10.8 (±3.6) to 13.5 (±5.1)
in the group of children aged 7-8 years.
7. 3

Missing (m/M) surfaces
The mean (±SD) number of missing surfaces ranged from 1.3 (±2.9)
to 1.7 (±7.1) in the group children aged 3-4 years and from 0.5 (±2.2) to 5.5 (±9.8) in
the group of children aged 7-8 years.
7.4

Sealed surfaces
In the high caries group the mean (±SD) number of sealed surfaces
ranged from 0.2 (±0.7) to 0.3 (±1.3) in the group of children aged 3-4 years and from
1.2 (±1.6) to 1.4 (±1.7) in the group of children aged 7-8 years. Ten children aged 7-8
years in the no-caries group had sealants.
7. 5

Decayed, missing, and filled (dmf/DMF) surfaces
The mean (±SD) number of decayed, missing, and filled (dmf/DMF)
surfaces was calculated according to the three diagnostic criteria.
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The mean (±SD) number of decayed (diD), missing (rn/M), filled (f/F) and
sealed surfaces in 74 children with caries at baseline.

Table 12

3-4 YEARS
F areas
NF areas
(n=19)
(n=16)
Decayed (d/D)

7-8 YEARS
NF areas
F areas
(n=18)
(n=21)

5.8±3.3
1.2±1.5
0.8±1.1

14.4±3.1
3.8±3.3
1.2±1.9

10.8±4.8
4.4±3.1
2.3±2.5

11.4±3.6
3.4±1.9
1.0±1.2

1.3±2.9

1.7±7.1

5.5±9.8

0.5±2.2

3.9±4.0

1.5±1.2

10.8±3.6

13.5±5.1

0.3±1.3
Sealed
Sealed (in no-caries group)
0

0.2±0.7
0

1.2±1.6
1.6±2.0

1.4±1.7
0.5±1.2

10.9±7.6
6.3±6.8
6.4±6.8

17.6±7.6
7.0±7.9
4.3±7.8

27.2± 9.9
20.8±10.2
18.8±10.9

25.4±5.4
17.4±5.4
15.0±5.6

11.2±7.4
6.6±6.8
6.6±6.9

17.8±7.7
7.2±7.8
4.5±7.7

28.3±10.2
21.9±10.8
19.9±11.6

26.8±5.9
18.8±6.3
16.5±6.3

(A)
(B)

(C)
Missing (m/M)
Filled

(f/F)

dmfs/DMFS

(A)
(B)

(C)

dmfs/DMFS
(including sealants)

(A)
(B)

(C)

Diagnostic criteria (A): includes clinical evidence of white spots, surface
discolourations, and frank cavitations and radiographic evidence of radiolucencies in the
outer and inner half of enamel and dentine in the decayed component.
Diagnostic criteria (B): includes only frank cavitation and radiolucencies in the inner
half of enamel and outer and inner half of dentine in the decayed component.
Diagnostic criteria (C): includes only frank cavitation and radiolucencies in the outer
and inner half of dentine in the decayed component.
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7 .5.1

Diagnostic criteria (A)
By including early signs of caries in the decayed

component, the mean (±SD) number of decayed, missing, and filled surfaces in 34
children aged 3-4 years ranged from 10.9 (±7 .6) to 17.6 (±7 .6), and in 40 children aged
7-8 years it ranged from 25.4 (±5.4) to 27.2 (±9.9).
7 .5.2

Diagnostic criteria (B)
The mean (±SD) number of decayed, missing, and filled

surfaces without including white spots, surface discolourations, and radiolucencies in the
outer half of enamel was much lower. It ranged from 6.3 (±6.8) to 7.0 (±7.9) in
children aged 3-4 years and from 17.4 (±5.4) to 20.8 (±10.2).in children aged 7-8 years.
7. 5. 3

Diagnostic criteria (C)
The mean (±SD) number of decayed, missing, and filled

surfaces computed without including white spots, surface discolourations, and
radiolucencies in the outer or the inner half of enamel was even lower. It ranged from
4.3 (±7.8) to 6.4 (±6.8) in children aged 3-4 years and from 15.0 (±5.6) to 18.8
(±10.9).in children aged 7-8 years.

8

INCREMENT IN dmfs/DMFS SURF ACES
Table 13 shows the increment in the mean number of decayed, missing, and
filled surfaces, calculated according to the three criteria in each of the groups from
baseline to 12 months. Comparison of the three diagnostic criteria showed that failure to
include early caries (i.e white spots and brown discolorations and radiolucencies in
enamel) as decay gave a much higher caries increment.
9

DISTRIBUTION OF CARIES ON THE SURFACES OF TEETH
AT BASELINE
9.1
Proximal surfaces of the molars and canines on bite-wing
radiographs
9 .1.1
Children aged 3-4 years with high-caries
The distal surfaces of the four canines and the mesial and
distal surfaces of the eight primary molars on the radiographs gave a total possible
number of 20 surfaces per child. In the 34 high-caries children aged 3-4 years, therefore,
there could have been a possible total number of 680 proximal surfaces on the teeth
specified. Of a total number of 597 available and readable proximal surfaces, 323 (54%)
were found at baseline to be sound, 258 (43%) had evidence of decay, 13 surfaces (2%)
that were decayed had been restored, and 3 (0.5%) of surfaces were missing due to
caries.
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Table 13

Changes in the mean (±SD) number of dmf/DMF surfaces (excluding
sealants) from baseline to 12 months, according to the three diagnostic
criteria, for the 137 children that completed the study.
3-4 YEARS
NF areas
F areas
(n=34)
(n=32)

7-8 YEARS
NF areas
F areas
(n=35)
(n=36)

DIAGNOSTIC CRITERIA A: (white spots, brown discoloutations, frank
cavitation, radiolucency in outer and inner half of enamel and dentine included as decay)
High-caries groug
11.3±7.8
18.5 ± 8.1
26.8 ± 10.1 25.6 ± 5.7
At baseline
At 12months
16.2 ± 13.3 19.6 ± 7.8 27.8 ± 11.8 30.0 ± 8.8
One year increment
4.9 ± 2.6
1.1 ± 2.0
1.0 ± 2.6
4.4± 1.7

No-caries groun
At baseline
At 12months

0
3.2 ± 2.9

0
3.4 ± 7.2

0
3.7 ± 2.9

0
2.7 ± 2.4

DIAGNOSTIC CRITERIA B: (frank cavitation, radiolucency in inner half of enamel
and outer and inner half of dentine included as decay)

High-caries groun
At baseline
At 12months
One year increment
No-caries groun
At baseline
At 12months

6.9 ± 6.9
13.1 ± 13.1
6.2 ± 2.5

0
1.1 ± 1.8

7.3 ± 8.6
13.1 ± 9.1
5.8 ± 2.2

0
2.1±5.9'

20.2 ± 10.2
22.5 ± 12.3
2.3 ± 2.7

17.4 ± 5.7'
23.6 ± 9.0
6.2 ± 1.8

0
1.3 ± 1.3

0
0.9 ± 1.2

DIAGNOSTIC CRITERIA C: (frank cavitation, radiolucency in outer and inner half
of dentine included as decay)
High-caries groun
18.1 ± 10.7 15.2 ± 5.9
6.4 ± 6.6
4.8 ± 8.5
At baseline
At 12months
11.9 ± 13.0 10.0 ± 10.0 20.2 ± 12.3 21.8 ± 8.8
5.2 ± 2.3
2.1 ± 2.8
One year increment
5.5 ± 2.5
6.6 ± 1.8
No-caries groun
At baseline
At 12months

0
0.6 ± 1.4
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0
1.3 ± 4.5

0
0.6 ± 1.0

0
0.4 ± 0.7

The largest proportion of caries and restorations were
found on the distal surfaces of the first primary molar followed by the mesial surface of
the second primary molar; 87 (73%) of the 120 readable distal surfaces of the first
primary molar (d) were decayed, 7% of the surfaces had been filled and 0.8% of the
surfaces were missing due to caries. The distal surfaces of all but one second primary
molar were sound (Table 14a).
A total number of 231 enamel (R1 and R2) lesions were
monitored longitudinally over the 1-year study period. There were more (57%) R1
lesions on the mesial surfaces of the second primary molars than on any other surface but
more R2 (23%), and R3 (12%) lesions on the distal surfaces of the first primary molar
than on any other surface. All the R4 lesions detected were present on the distal surfaces
of the first primary molar. Children with radiolucencies in dentine (R3 and R4) were
referred for treatment (Table 14a).
9.1.2

Children aged 7-8 years
In this age group, the distal surfaces of the four canines, the

mesial and distal surfaces of the eight primary molars and the mesial surfaces of the first
permanent molar on radiographs gave a total possible number of 24 surfaces per child.
Therefore, in the 43 high-caries children aged 7-8 years, there were a possible total
number of 1032 proximal surfaces on the teeth specified (Table 14b).
In order to make comparisons with the distribution of caries
in the canines and primary molars in the two age groups the first permanent molar was
excluded from the calculations. Of a total of 735 available and readable proximal surfaces
(excluding the distal surface of the first permanent molar), only 160 surfaces (22%) were
diagnosed at baseline as being sound, compared with the 54% in the younger age group.
This difference was found to be significant (x2=149; df=1; p<0.001). The proportion
(46%) of decayed surfaces in the older age group of children was not found to be
significantly (x2=0.9; df=1; 0.3<p<0.5) different than that found in the younger age
group of children (43%). The proportion of filled surfaces in the older age group of
children (29%) was found to be significantly (x2=169; df=1; p<0.001) higher than that
found in the younger age group (2%). Similarly there was a significantly (x2:13; df=1;
p<0.001) higher (3%) proportion of missing surfaces in the older age group than in the
younger age group (0.5%) (Table 14b).
By age 7-8 years, 163 (97%) of the distal surfaces of the
first primary molars that were readable were either decayed, filled, or missing due to
caries; nearly 7 4% of these surfaces were filled or missing. The number of decayed and
filled surfaces on the mesial surfaces of the second primary molar also showed a
proportionate increase.
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Table 14 a

The proportion of decayed, filled, and missing surfaces at baseline on the
distal surface of the canines (Cd), the mesial and distal surfaces of the first
(D) and second (E) primary molars (Dm, Dd, Em, Ed) in the high-caries
group of children (N=34) aged 3-4 years.

Cd

Dm

Dd

Em

Ed

Total
[34 (5x4)]

Total possible

L»

136

136

136

136

136

680

Total unreadable

21

21

16

23

2

83

Total readable

115

115

120

113

134

597

68

63

24

35

133

323

% sound

59.1%

54.8%

20.0%

31.0%

99.3%

54.1%

R1lesions

36

36

40

64

0

176

R2lesions

6

10

28

11

0

55

R3lesions

3

3

14

2

0

22

R4lesions

0

0

5

0

0

5

45

49

87

77

0

258

39.1%

42.6%

72.5%

68.1%

0%

43.2%

Filled & non-carious

1

0

6

1

1

Filled & carious

0

2

2

0

0

9
4

Total filled

1

2

8

1

1

13

0.9%

1.7%

6.7%

0.9%

0.7%

2.2%

1

1

1

0

3

0.9%

0.9%

0.8%

0%

0
0%

0.5%

47

52

96

78

1

274

40.9%

45.2%

80%

69%

0.7%

45.9%

Total sound

Total decayed
% decayed

% filled
Total missing
% missing
Totaldmf
% dmf
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Table 14 b

The proportion of decayed, filled, and missing surfaces at baseline on the distal surface of the canines (Cd), the mesial and distal
surfaces of the first (D) and second (E) primary molars (Drn, Dd, Ern, Ed), and the mesial surface of the first permanent molars (6rn)
in the high-caries group of children (N=43) aged 7-8 years.

Surfaces

Cd

Dm

Dd

Em

Ed

Total1
[43 (5x4)]

6m

6d

Total Possible
Total Unreadable
Total Readable

172
46
126

172
43
129

172
4
168

172
8
164

172
24
148

860
125
735

172
30
142

172
0,
172

Total Sound
% Sound

55
43.6%

43
33.3%

5
3.0%

18
11.0%

39
26.3%

160
21.8%

85
59.9%

172
100%

417
39.8%

R1lesions
R2lesions
R3lesions
R4lesions
Total Decayed
%Decayed

34
17
12
1
64
50.8%

32
17
12
0
61
47.3%

16
9
13
4
42
25.0%

36
23
14
2
75
45.7%

65
27
2
1
95
64.2%

183
93
53
8
337
45.9%

55
2
0
0
57
40.1%

0
0
0
0
0
0%

238
95
53
8
394
37.5%

7
0
7
5.6%

14
1
15
11.6%

89
22
111
66.0%

63
6
69
42.1%

10
2
12
8.1%

183
31
214
29.1%

0
0
0
0%

0
0
0
0%

183
31
214
20.4%

0
0%

10
7.8%

10
6.0%

2
1.2%

2
1.4%

24
3.2%

0
0%

0
0%

24
2.3%

0
56.4%

10
66.7%

10
97.0%

2
89.0%

2
73.7%

24
78.2%

0
40.1%

0
0%

24
60.2%

Filled & non-carious
Filled and carious
Total Filled
% Filled
Total Missing
% Missing
Total drnfs/DMFS
% dmfs/DMFS

-Total1 does not include the mesial and distal surfaces of the first permanent molars
Total2 includes the mesial and distal surfaces of the first permanent molars

Total2
[43 (7x4)]
1204
155
1049

In contrast to the younger age group, where all but one of
the surfaces on the distal surface of the second primary molar were sound, in the older
age group 95 surfaces (64%) were decayed, 12 surfaces (8%) were filled, and 2 surfaces
(1%) were missing due to caries.
A total number of 276 enamel (R1 and R2) lesions were
monitored longitudinally over the 1-year study period. There were more R1 and R2
lesions on the distal surfaces of the second primary molars than on any other surface.
Children with radiolucencies (R3 and R4) in dentine were referred for treatment.

9. 2

Buccal and lingual surfaces of the molars and canines
9.2.1
Children aged 3-4 years
Table 15a shows the distribution of sound, decayed,
missing, and filled surfaces on the buccal, and lingual surfaces of the canines and the two
primary molars. Of the total number of 840 available surfaces 814 (97%) were sound,
13 (1.5 %) were decayed, 9 (1 %) had been filled, and 4 (0.5%) were missing due to
caries. The lingual surface of the second primary molar had relatively more (6%) decay
and fillings than the other buccal and lingual surfaces, followed by the buccal surface of
the canine.
9.2.2

Children aged 7-8 years

Table 15b shows the distribution of sound, decayed,
missing, filled, and sealed surfaces on the buccal, and lingual surfaces of the canines, the
two primary molars, and the first permanent molar. Excluding the first permanent
molars, there were 1032 possible buccal and lingual surfaces; 971 (94%) of these
surfaces were sound compared with the 97% in the younger age group. Nine (0.9 %)
were decayed, 28 surfaces (3%, twice as many as in the younger age group) had been
filled, and 24 surfaces (2 %) were missing due to caries compared with the 0.5% missing
in the younger age group.
When the first permanent molars were included, 1308
(95%) surfaces out of a possible total of 1376 available surfaces were sound, 12 (0.9%)
surfaces were decayed, 32 (2%) surfaces were filled, and 24 (2%) surfaces were missing
due to caries.

9. 3

Occlusal surfaces of the molars
9. 3. 1
Children aged 3-4 years

Table 15a also shows the distribution of sound, decayed,
missing, filled, and sealed surfaces on the occlusal surfaces of the two primary molars in
the 35 children in the high-caries group. Out of a possible total of 280 occlusal surfaces,

113

Table 15 a

The number of sound, decayed, filled, and missing surfaces at baseline on the buccal (Cb) and lingual (Cl) surface of the canines, the
buccal and lingual surfaces of the first (D) and second (E) primary molars (Db, Dl, Eb, El) in the high-caries group of children
(N=34) aged 3-4 years.

BUCCAL AND LINGUAL SURFACES

OCCLUSAL SURFACES

Cb

Cl

Db

Dl

Eb

El

1DTAL

Do

Eo

1DTAL

Total Possible

140

140

140

140

140

140

840

136

136

280

Total Sound

134

139

135

139

135

132

814
96.9%

79
58.1%

50
36.8%

129
46.1%

4
1
5

0
0
0

1
0
1

0
0
0

2
2
4

1
2
3

8
5
13
1.5%

25
2
27

53
6
59

78
8
86
30.7%

0
0
0

0
0
0

3
0
3

0
0
0

1
0
1

5
0
5

9
0
9
1.1%

26
6
32

28
1
29

54
7
61
21.8%

0

0

0

0

0

0

0
0%

1

2

3
1.1%

1

1

1

1

0

0

4
0.5%

1

0

1
0.3%

% Sound
Early caries
Cavity
Total Decayed

%Decayed
Filled/non-carious
Filled/carious
Total Filled

% Filled
Total Sealed

% Sealed
Total Missing

% Missing

Table 15b

Number of buccal, lingual, and occlusal carious surfaces in 43 children aged between 7-8 years in the high-caries group.

BUCCAL AND LINGUAL SURFACES

OCCLUSAL SURFACES

Cb

Cl

Db

Dl

Eb

El

Total1

6b

61

Total2

Do

Eo

Tota11

Total2

Total Possible

172

172

172

172

172

172

1032

172

172

1376

172

172

344

516

Total Sound
% Sound

162

169

156

162

161

161

971
94.1%

166

171

1308
95.1%

26

37

63
18.3%

127
24.6%

Early caries
Cavity
Total Decayed
% Decayed

3
0
3

0
0
0

3
0
3

0
0
0

2
0
2

0
1
1

8
1
9
0.9%

3
0
3

0
0
0

11
1
12
0.9%

6
4
10

7
2
9

13
6
19
5.5%

52
8
60
11.6%

Filled/non-carious
Filled/carious
Total Filled
% Filled

7
0
7

3
0
3

3
0
3

0
0
0

7
0
7

8
0
8

29
0
28
2.7%

3
0
3

1
0
1

32
0
32
2.3%

116
10
126

122
2
124

238
12
250
72.7%

262
50.8%

Total Sealed
% age Sealed

0

0

0

0

0

0

0
0%

0

0

0
0%

0

0

0
0%

55
10.7%

Total Missing
% Missing

0

0

10

10

2

2

24
2.3%

0

0

24
1.7%

10

2

12
3.5%

12
2.3%

Tota11 does not include the first permanent molars
Total2 includes the first permanent molars

249

13

129 (46%) surfaces were sound and not sealed, 3 ( 1.1%) of the surfaces had been
sealed, 86 (31 %) surfaces were decayed, and 61 (22%) surfaces were filled.
The occlusal surfaces of the second primary molars had
more (63%) decay (more early caries than frank cavitation) and fillings than the occlusal
surfaces of the first primary molars (43% ).
9. 3. 2

Children aged 7-8 years
Table 15b also shows the distribution of sound, decayed,

missing, filled, and sealed surfaces on the occlusal surfaces of the two primary molars
and the first permanent molars in the 43 children in the high-caries group. Excluding the
first permanent molars, out of a possible total of 344 primary occlusal surfaces, only 63
(18 %) surfaces were found to be sound and not sealed, in contrast to the 129/280 (46%)
sound surfaces found in the younger age group; 19 (6%) surfaces were decayed, and
250 (73%) surfaces had been filled, compared with 22% of surfaces that were filled in
the younger age group.
When the occlusal surfaces of the first permanent molars
were included 127 (25%) of surfaces were sound and not sealed, 55 (11 %) of surfaces
had been sealed, 60 ( 12%) surfaces were decayed, and 262 (51%) surfaces were filled.
In this age group the occlusal surfaces of the first and second primary molars had almost
the same number of decay and fillings.
_,

9. 4

Incisal, mesial, distal, buccal, and lingual surfaces of the
incisors
9 .4.1
Children aged 3-4 years
Table 16 a shows the distribution of sound, decayed,
missing, and filled surfaces on the incisal, mesial, distal, buccal, and lingual surfaces of
the central and lateral incisor teeth of the 35 children with high-caries at baseline.
In this group, 98% of all surfaces on the central and lateral
incisors were sound; 1.3% of surfaces on the central incisor and 2% of surfaces on the
lateral incisor were decayed; 0.1% of all surfaces on the central incisor were filled; and
0.7% of all surfaces on the central incisor were missing due to caries.
9.4.2

Children aged 7-8 years
Table 16b shows the distribution of sound, decayed,

missing, and filled surfaces on the incisal, mesial, distal, buccal, and lingual surfaces of
the central and lateral incisor teeth of the 43 children with high-caries at baseline.
In this group, 99.5% of all surfaces on the central incisors
and 99.2% of all surfaces on the lateral incisors were sound; 0.5% of surfaces on the
central incisor and 0.8% of all surfaces on the lateral incisor were decayed.
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Table 16a

The proportion of sound, decayed, filled, and missing surfaces at baseline on the incisal (I), mesial (M), distal (D), bucal (B), and
lingual (L) surfaces of the central and lateral incisors in the high-caries group of 35 children aged 3-4 years.
I

Total possible
Unerupted
Total Sound

M

CENTRAL INCISORS
D
B
L

Total

I

LATERAL INCISORS
M
D
B
L

Total

140

140

140

140

140

700

140

140

140

140

140

700

0

0

0

0

0

0

0

0

0

0

0

0

139

135

135

138

138

685

140

134

135

136

140

685

% sound

97.9%

97.9%

White spots

0

4

4

1

0

9

0

6

5

4

0

15

Cavity

0

0

0

0

0

0

0

0

0

0

0

0

Total Decayed

0

4

4

1

0

9

0

6

5

4

0

15

1.3%

%Decayed

2.1%

Filled & non-carious

0

0

0

0

1

1

0

0

0

0

0

0

Filled and carious

0

0

0

0

0

0

0

0

0

0

0

0

Total Filled

0

0

0

0

1

1

0

0

0

0

0

0

0.1%

% Filled
Total Missing/caries

% Missing

1

1

1

1

1

5

0.7%

0%
0

0

0

0

0

0

0%

Table 16b

The proportion of sound, decayed, filled, and missing surfaces at baseline on the incisal (I), mesial (M), distal (D), bucal (B), and
lingual (L) surfaces of the central and lateral incisors in the high-caries group of 43 children aged 7-8 years.

CENTRAL INCISORS
I
Total possible
Unerupted

172

M
172

D

B

L

172

172

172

LATERAL INCISORS
Total
860

D

B

L

Total

I

M

172

172

172

172

172

860

'

1

1

1

1

1

5

7

7

7

7

7

35

Total available

171

171

171

171

171

855

165

165

165

165

165

825

Total Sound

171

171

171

167

171

851

163

165

163

162

165

818

% sound

99.2%

99.5%

White spots

0

0

0

4

0

4

1

0

2

3

0

6

Cavity

0

0

0

0

0

0

1

0

0

0

0

1

Total Decayed

0

0

0

4

0

4

2

0

2

3

0

7

%Decayed

0.8%

0.5%

Filled & non-carious

0

0

0

0

0

0

0

0

0

0

0

0

Filled and carious

0

0

0

0

0

0

0

0

0

0

0

0

Total Filled

0

0

0

0

0

0

0

0

0

0

0

0

Total Missing/caries

% Missing

0%

0%

% Filled
0

0

0

0

0

0

0%

0

0

0

0

0

0

0%

FATE OF SOUND AND CARIOUS SURFACES
Tables 17a and 18 describe the fate of sound and carious proximal surfaces
respectively as monitored on standardised bitewing radiographs taken at baseline and 12
months later. In addition, the results of survival analysis which was used to determine
the fate of carious lesions in the high-caries group of children is also presented. The
surfaces that were unreadable because they had overlapped enamel (code 5), overlapped
dentine (code 8), were missing on radiographs (code 9), or were not present at both the
examinations (code 10) are shown on these tables. Results of survival analysis using
baseline, 6 months, and 12 months examination data to determine the fate of sound and
carious surfaces are shown in Table 17 b.
10

Fate of sound surfaces in children with no caries
The proportion of sound surfaces at baseline that remained sound at the
end of 12 months was calculated from the total number of surfaces possible. As some
unreadable surfaces may have been decayed, it is possible that the number of surfaces
remaining sound may be overestimated.
10.1

10.1.1

In children aged 3-4 years
In children aged 3-4 years and resident in the F areas the

proportion of sound surfaces at baseline that remained sound at 12 months (87%) was
found to be higher (x2=5; df=1; 0.02<p<0.05) than in their counterparts living in the
NF areas (81%) (Table 17a). Survival analysis showed an even more significant
(x2=8.3; df=1; 0.001<p<0.01) difference in the proportion of sound surfaces at 6
months, that were also sound at baseline, and that showed no change from 6 months to
12 months in the F areas (91 %) as compared to the NF areas (83%) (Table 17b).
In children resident in the F areas the proportion of sound
surfaces at baseline that showed evidence of decay in the outer half of enamel (R1
lesions) at 12 months (4%) was found to be significantly (x2=10; df=1; 0.001<p<O.Ol)
lower than in their counterparts living in the NF areas (11 %). Survival analysis gave
similar results.
The proportion of sound surfaces at baseline that showed
evidence of decay in the inner half of enamel (R2 lesions) at 12 months was not found to
be significantly (x2=0.2; df=1; 0.5<p<0.7) different in the F (2%) and NF (3%) areas.
The proportion of sound surfaces at baseline that showed evidence of decay in the outer
half of dentine (R3lesions) at 12 months was also not found to be significantly (x.2=0.1;
df=1; 0.7<p<0.8) different in the F (1 %) and NF (1 %) areas. Survival analysis gave
similar results.
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Table 17 a

Fate (% change) of sound proximal surfaces (includes distal of canine, and mesial and distal surfaces of the first and second
primary molars) after 12 months in the two age groups of children, from the two areas, with and without caries at baseline, as
monitored on radiographs.

Children aged 7-8 years

Children aged 3-4 years
Baseline to 12 mo.
A)

B)

(%)

x2 (p values)

F

NF

(%)

(%)

x2 (p values)

3-4 yrs 7-8 yrs

(%)

(%)

x2 (p values)

No-caries

87

81

5.0 (0.02<p<0.05)

84

76

8.0 (0.001<p<0.01)

84

80

High-caries

59

59

0.02 (0.80<p<0.90)

30

24

0.6 (0.30<p<0.50)

59

28 43.0 (p<0.001)

4

11

10 (0.001<p<0.01)

7

10

2.0 (0.10<p<0.20)

8

8

17

6

10 (0.001 <p<0.01)*

25

30

0.7 (0.30<p<0.50)

11

27

21.0 (p<0.001)

No-caries

2

3

0.2 (0.50<p<0.70)

3

3

0.3 (0.50<p<0.70)

2

3

0.6 (0.30<p<0.50)

High-caries

4

3

0.7 (0.30<p<0.50)

7

9

0.1 (0.70<p<0.80)

3

8

5.0 (0.02<p<0.05)

No-caries

1

1

0.1 (0.70<p<0.80)

1

2

0.1 (0.80<p<0.90)

1

2

0.5 (0.30<p<0.50)

High-caries

6

7

0.2 (0.50<p<0.70)

12

3

3.0 (0.05<p<0.10)

7

8

0.2 (0.50<p<O. 70)

% Unreadable

6

4

5

8

5

7

3.0(0.05<p<0.10)

% ROTO Rl

High-caries

D)

NF

% ROTO RO

No-caries

C)

F

(%)

F + NF areas

0.1 (0.7<p<0.8)

% ROTO R2

% RO TO ;::::R3

* No significant difference was found by survival analysis.

Table 17 b

Survival analysis of the fate (% change) of sound proximal surfaces (includes distal of canine, and mesial and distal surfaces of
the first and second primary molars) that were sound at baseline and at 6 months. The fate of the surfaces from 6 months to 12
months is shown in this table.
Children aged 3-4 years

Survival analysis

B)

C)

D)

F + NF areas
x.2 (p values)
3-4 yrs 7-8 yrs

F

NF

No-caries

91

83

8.3 (0.001<p<0.01)

87

79

8.2 (0.001<p<0.01)

84

83

1.5 (0.2<p<0.3)

High-caries

85

75

1.4 (0.2<p<0.3)

50

32

3.6 (0.05<p<0.10)

73

40

35 (p<0.001)

No-caries

4

11

11 (0.001<p<0.01)

6

8

2.5 (0.1 <p<0.2)

8

7

0.5 (0.3<p<0.5)

High-caries

8

1

3.4 (0.05<p<0.10)

29

39

0.5 (0.3<p<0.5)

3

33

45 (p<0.001)

No-caries

2

3

0.2 (0.5<p<0.7)

2

3

0.3 (0.5<p<0.7)

2

2

0.02 (0.8<p<0.9)

High-caries

0

2

0.05 (0.8<p<0.9)

7

5

0.2 (0.5<p<0.7)

1

6

5.1 (0.02<p<0.05)

No-caries

1

1

0.08 (0.7<p<0.8)

1

2

0.3 (0.5<p<0.7)

1

1

0.03 (0.8<p<0.9)

High-caries

8

4

1.2 (0.2<p<0.3)

9

0

2.5 (0.1 <p<0.2)

5

6

0.1 (0.7<p<0.08)

6 mo to 12 mo.
A)

x2 (p values)

Children aged 7-8 years
x.2 (p values)
F
NF

% RO TO RO

% RO TO Rl

% RO TO R2

% RO TO

~R3

Overall in the no-caries group of children aged 3-4 years,
from NF and F areas, 84% of sound surfaces at baseline remained sound after 12
months, and 16% of sound surfaces developed decay. Survival analysis gave similar
results.
10.1.2

In children aged 7-8 years
A similar fate of sound surfaces in this age group of

children was seen. In children resident in the F areas the proportion of sound surfaces at
baseline that remained sound at 12 months (84%) was significantly (x2=8; df=1;
0.001<p<0.01) higher than in their counterparts living in the NF areas (76%) (Table
17a). Survival analysis showed that 87% of surfaces in the F areas and 79% of surfaces
in the NF areas that were sound at baseline and at 6 months remained sound at 12
months. This difference was significant (x2:8.2; df=1; 0.001<p<0.01) (Table 17b).
In contrast to the younger age group of children, in
children aged 7-8 years, the proportion of sound surfaces at baseline that showed
evidence of decay in the outer half of enamel (R1 lesions) at 12 months was not found to
be significantly (x2=2; df=1; 0.1<p<0.2) different in the F (7%) and NF (10%) areas.
Survival analysis also showed no significant (x2=2.5; df=1; 0.1<p<0.2) differences.
Similar to the findings in the younger age group, in children aged 7-8 years, the
proportion of sound surfaces at baseline that showed evidence of decay in the inner half
of enamel (R2lesions) at 12 months was not found to be significantly (x2=0.3; df=1;
0.5<p<0.7) different in the F (3%) and NF (3%) areas. The proportion of sound
surfaces at baseline that showed evidence of decay in the outer half of dentine (R3
lesions) at 12 months was also not found to be significantly (x2=0.1; df=1; 0.8<p<0.9)
different in the F (1 %) and NF (2%) areas. Survival analysis also showed no significant
differences.
Overall in the no-caries group of children aged 7-8 years,
from NF and F areas, 80% of sound surfaces at baseline remained sound at 12 months,
and 20% of sound surfaces developed decay. Survival analysis showed that 83% of
sound surfaces at baseline and at 6 months remained sound at 12 months.

10. 2

Fate of sound surfaces in children with high caries
10.2.1
In children aged 3-4 years
In contrast to the findings in the no-caries group of
children, in the high-caries group of children aged 3-4 years there were no significant
(x2=0.02; df=1; 0.8<p<0.9) differences in the proportion of sound surfaces at baseline
that remained sound after 12 months in the F (59%) or the NF (59%) areas. Survival
analysis showed that the proportion of sound surfaces at 6 months, that were also sound
at baseline, and that showed no change from 6 months to 12 months was hjgher in the F
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areas (85%) as compared to that in the NF areas (75%). However, this difference was
also not significant (x2=1.4; df=1; 0.2<p<0.3) (Table 17b).
Overall, in children aged 3-4 years from F and NF areas, a
significantly (p<0.001) greater number of sound surfaces at baseline showed evidence of
decay at the end of 12 months in the high-caries group (41 %) compared with the nocaries group (16%) of children.
In the F areas, the proportion of sound surfaces at baseline
that showed evidence of decay in the outer half of enamel (R1 lesions) at 12 months
(17%) was found to be significantly (x2=10; df=1; 0.001<p<0.01) higher than in their
counterparts living in the NF areas (6% ). However, survival analysis failed to show any
significant (x2=3.4; df=1; 0.05<p<0.10) differences in the proportion of sound
surfaces at 6 months, that were also sound at baseline, and that showed evidence of
decay in the outer half of enamel (R1 lesions) at 12 months in the F (8%) and NF (1%)
areas.
Like the low-caries group, the proportion of sound surfaces
at baseline that showed evidence of decay in the inner half of enamel (R2lesions) at 12
months was not found to be significantly (x2=0.7; df=1; 0.3<p<0.5) different in the F
(4%) and NF (3%) areas. The proportion of sound surfaces at baseline that showed
evidence of decay in the outer half of enamel (R3 lesions) at 12 months was also not
found to be significantly (x2=0.2; df=1; 0.5<p<0.7) different in the F (6%) and NF
(7%) areas. Survival analysis also showed no significant differences.
10.2.2

In children aged 7-8 years
Similarly, in children aged 7-8 years and with high caries at

baseline, there were no significant (x2=0.6; df=1; 0.3<p<0.5) differences in the
proportion of sound surfaces that remained sound after 12 months in the F (30%) or the
NF (24%) areas. Survival analysis showed that 50% of surfaces in the F areas and 32%
of surfaces in the NF areas that were sound at baseline and at 6 months remained sound
at 12 months. This difference was also not significant (x2=3.6; df=1; 0.05<p<0.10).
Overall, in children aged 7-8 years from F and NF areas,
significantly (p<0.001) greater number of sound surfaces at baseline showed evidence of
decay at the end of 12 months in the high-caries group (72%) compared with the nocaries group (20%) of children. In addition, combining NF and F areas the proportion of
sound surfaces at baseline that developed decay at 12 months in high-caries children aged
7-8 years (72%) was significantly (p<0.001) higher than that in high-caries children aged
3-4 years (41 %).
Similar to the findings in the low-caries group of children
aged 7-8 years, the proportion of sound surfaces in the high-caries group at baseline that
showed evidence of decay in the outer half of enamel (R1lesions) at 12 months was not
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found to be significantly (x2=0.7; df=l; 0.3<p<0.5) different in the F (25%) and NF
(30%) areas. Survival analysis also showed no significant differences.
The proportion of sound surfaces at baseline that showed
evidence of decay in the inner half of enamel (R2lesions) at 12 months was not found to
be significantly (x2=0.l; df=l; 0.7<p<0.8) different in the F (7%) and NF (9%) areas.
However, the proportion of sound surfaces at baseline that showed evidence of decay in
the outer half of dentine (R3 lesions) at 12 months was found to be higher (x2=3; df=l;
0.05<p<0.10) in the F (12%) than in the NF (3%) areas.

10.3

Fate of carious surfaces in children with high caries
The proportion of carious surfaces at baseline that remained in the same
state or showed regression at the end of 12 months was calculated from the total number
of possible surfaces (Table 18). As some unreadable surfaces may have been decayed, it
is possible that the number of carious surfaces that did not progress may be
underestimated. However, some trends can be noted.
10.3.1

In children aged 3-4 years
The proportion of Rllesions at baseline that showed no

progression or that showed regression was higher (x2=4; df=l; 0.05<p<0.10) in the F
(49%) than in the NF areas (30% ). The proportion of Rllesions at baseline that showed
progression was lower (33%) in the F than in the NF areas (43%) but not significantly
(x2=1; df=l; 0.3<p<0.5) so.
The proportion of R2 lesions at baseline that showed no
progression or that showed regression was higher in the F (38%) than in the NF areas
(26%) but not significantly so (x2=0.8; df=l; 0.3<p<0.5) . However, the proportion
of R2 lesions at baseline that showed progression was higher but not significantly so
(x2=3; df=l; 0.05<p<0.10) in the F (48%) than in the NF areas (41 %). ·
10.3.2

In children aged 7-8 years
The proportion of Rl lesions at baseline that showed no

progression or that showed regression was higher in the F (51%) than in the NF areas
(38%) but unlike in the younger age group the difference was not significant (x2=2;
df=l; O.l<p<0.2). Similar to the finding in the younger age group, the proportion of
Rllesions at baseline that showed progression was lower (25%) in the F than in the NF
areas (29%) but not significantly (xl:0.4; df=l; 0.5<p<0.7) so.
In contrast to the younger age group, in children aged 7-8
years the proportion of R2 lesions at baseline that showed no progression or that showed

124

Table 18

0 to 12 mo

Fate(% change) of carious (R1, R2) lesions from baseline to12 months in the two age groups of children, from the two areas,
with high caries at baseline.
-Children aged 3-4 years
Children aged 7-8 years
F + NF areas
x2 (p values)
x2 (p values)
x2 (p values)
F
3-4 yrs 7-8 yrs
F
NF
NF

A)% Rl TO RO

9.2

8.1

8.9

8.9

8.9

8.9

B)% Rl TO Rl

39.4

21.6

41.6

29.1

35.8

36.1

C)% Rl TO R2

21.8

18.9

12.9

21.5

21.2

16.7

D) % Rl TO ;?: R3

11.3

24.3

11.9

7.6

14.0

10.0

s Rl

48.6

29.7

4 (0.05<p<0.10)

50.5

38.0

2 (0.1 <p<0.2)

44.7

45.0

F) % Rl TO ;?: R2

33.1

43.2

0.9 (0.3<p<0.5)

24.8

29.1

0.4 (0.5<p<0.7)

35.2

26.7

s Rl

16.7

0.0

20.4

19.5

11.9

20.0

H)% R2 TO R2

20.8

26.3

24.5

36.6

22.4

30.0

I) % R2 TO ;?: R3

47.9

21.0

44.9

22.0

40.2

34.4

s R2

37.5

26.3

0.8 (0.3<p<0.5)

44.9

56.1

1 (0.2<p<0.3)

34.3

50.0

3 (0.05<p<0.1)

47.9

21.0

3 (0.05<p<0.10)

44.9

22.0

4 (0.05<p<0.10)

40.2

34.4

0.3 (0.50<p<0.7)

E)% Rl TO

G)% R2 TO

J)% R2 TO

K) % R2 TO;?: R3

0.003 (p>0.95)

regression was lower in the F (45%) than in the NF areas (56%) but not significantly so
(x2=1; d£=1; 0.2<p<0.3). However, similar to the finding in the younger age group,
the proportion of R2 lesions at baseline that showed progression was higher (x2=4;
df=1; 0.05<p<0.10) in the F (45%) than in the NF areas (22%).

11

LOW AND HIGH-CARIES ACTIVE CHILDREN
Caries activity for each individual child as monitored by 1-year dmfs/DMFS
increment scores according to diagnostic criteria A used in this study, diagnostic criteria
B, and diagnostic criteria C which is based mostly on clinical findings and which is
routinely used in epidemiological studies, were compared with the transition
(progression) scores (Tables 19 and 20).
The definition criterion of the high risk group has differed in studies. The cutoff point used to classify children as low and high-caries risk children has also varied. In
recent caries risk assessment studies (Stamm et al., 1991) children with a dmfs/DMFS
increment of ;;:::2 (Criteria C) have been considered as high-caries risk individuals.
Therefore, in this study children with a one-year dmfs/DMFS increment of ::;;1 were
grouped as low-caries active and those with ;;:::2 were grouped as high-caries active.
Due to a lack of comparable studies using transition scores to classify children as
low- and high-caries active, the one year dmfs/DMFS increment scores were used as a
guideline to determine the cut off progression scG~ :::.:s. The progression (positive) scores
were arranged in order of magnitude. The negative scores were not taken into
consideration in this analysis. Examination of the progression scores of the children
showed that 53 (98%) of the 54 children with a progression score of ::;;+5 had a
dmfs/DMFS increment score of::;; 1 according to criterion C. The high risk cut-off point
was therefore set at ::;;+5 for dividing children into low and high-caries active groups
using the transition scores. According to criteria C, 21 (26%) children with a
dmfs/DMFS increment score of::;; 1 had a progression score of ;;:::+6.
The dmfs/DMFS increment (Criteria C) scores of children in the high-caries
(progression ;;:::+6) active group were generally lower than the progression scores. This
was because diagnostic Criteria C did not include early caries. Therefore, while
progression from sound surfaces to white spots scored points in the transition score
system it failed to do so in the dmfs/DMFS increment score system. However, in some
children the dmfs/DMFS increment scores (Criteria C) were higher than the progression
scores. This also occurred because of failure to diagnose lesions in its earliest stages.
For example, progression from a brown spot lesion to frank cavitation scored one point
in the transition score system but it scored three points in the dmfs/DMFS increment
score system as in the latter system surfaces with even brown spots were diagnosed to be
sound.
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Table 19

List of 54 children classified as being low-caries active (progression score of
s+5) by the transition score system. The corresponding dmfs/DMFS
increment scores calculated according to diagnostic criteria A, B, and Care
also shown in this table.

TRANSITION SCORES
Progression
Regression

0
0
0
0
0
0
0
0
0
0
0

0
0

0
0

0
0
0

0
+1
+1
+1
+1
+1
+1
+2
+2
+2
+2
+2
+2
+2
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+4
+4
+4
+4
+4
+5
+5
+5
+5

DMFS INCREMENT SCORES
A
B
c

(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(-1)
(0)
(0)
(0)
(0)
(0)
(0)

0
0
0
0
0
0
0
0
0
0
0
0
0
+4
0
0
-10

0
0
+1
+1
+1
+1
+1
+1
-1
+2
+2
+2
+2
+2
+1
+1
+1
+2
+3
+2
+3
+3
+3
+2
-3
+4
+4
+4
+4
+2

(0)

(0)
(-3)
(0)
(0)
(0)

(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(-4)
(0)
(0)
(0)
(0)
(0)
(-9)
(0)
(0)
(-5)

-6

+3
+4
-2
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
+1
+1
+1
+1
0
+1
0
0
+1
+1
+1
0
0
0

0
+1
-3
0

+1
+2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
+1
+1
0
0
0
0
0
0
0
+1
0
0
0
0
0
0
+1
0
0

Table 19

(continued)

TRANSITION SCORES
Regression
Progression

*
*

DMFS INCREMENT SCORES
A
B
c

+5
+5

(0)
(0)

+2
+2

+2
+2

+1
+1

+5

(0)

+3

+2

+2

One child with low-caries activity (progression score ::::;+5) had a dmfs/DMFS
increment score of +2 (Criteria C). In recent longitudinal studies, children with a
dmfs/DMFS increment score of;:::: 2 (Criteria C) have been considered to be in the highcaries active group.

Table20

List of 82 children classified as being high-caries active (progression score of
;::::+6) by the transition score system. The corresponding dmfs/DMFS
increment scores calculated according to diagnostic criteria A, B, and Care
also shown in this table.

TRANSITION SCORES
Progression
Regression
+6
+7
+7
+7
+7
+8
+8
+8
+8
+8
+8
+8
+8
+9
+9
+9
+10
+10
+10
+10
+11
+12
+12
+12
+12
+12
+12
+12
+13
+13
+13
+14
+14
+14

DMFS INCREMENT SCORES
A
B
c

(-2)
(0)
(-1)
(-3)
(0)
(-3)
(-3)
(-1)
(0)
(-1)
(0)
(-1)
(0)
(0)
(-1)
(-4)
(-4)
(-4)
(0)
(-3)
(-5)
(-1)
(-1)
(0)
(-1)
(0)
(0)
(0)
(-5)
(-4)
(-3)
(0)
(-1)
(0)

-7
+2
+6
+1
+16
-5
-2
+6
+4
+3
+5
+5
+15
+4
+10
-3
+1
-2
0
+6
+2
+1
+5
-1
+4
+5
+6
+7
0
+5
+12
+6
+2
+5

128

+2
+2
+6
+3
+24
-3
+3
+7
+9
+4
+2
+8
+16
+2
+10
+1
0
+3
+2
+2
+2
+3
+6
+2
+4
+4
+4
+3
+3
+2
+10
+4
+5
+4

+2
+2
+6
+3
+23
+2
+3
+11
+8
+2
+2
+10
+16
+2
+9
+2
+3
+3
+4
+2
+2
+3
+5
+5
+2
+3
+2
+2
+3
+3
+11
+2
+8
+4

Table20

(continued)
DMFS INCREMENT SCORES

TRANSITION SCORES
Regression
Progression

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

A

B

c

+15
+16
+17
+17
+17
+18
+18
+19
+19
+19
+20
+20
+20
+20
+21
+22
+22
+22
+23
+23
+23
+24
+25
+28
+32
+32
+37

(-1)
(0)
(-4)
(-1)
(-2)
(0)
(0)
(-1)
(0)
(-1)
(-1)
(-1)
(-2)
(-3)
(0)
(0)
(-1)
(-3)
(-2)
(0)
(-2)
(-2)
(-1)
(-2)
(0)
(-3)
(-2)

+3
+8
+1
+3
+8
+5
+5
+3
+8
+9
+1
+4
+4
0
+3
+22
+10
+2
+8
+6
+6
-1
+4
+6
+8
+17
+21

+5
+4
+4
+9
+11
+7
+6
+6
+6
+6
+6
+8
+10
+7
+2
+23
+9
+7
+6
+7
+8
+5
+15
+11
+13
+15
+23

+4
+2
+2
+9
+10
+6
+4
+6
+6
+4
+7
+5
+4
+6
+2
+26
+9
+9
+9
+9
+8
+4
+20
+7
+9
+16
+21

+6
+6
+6
+6
+6
+6
+6
+7
+8
+8
+9
+9
+9
+10
+11
+12
+12
+13
+16
+16
+18

(-4)
(0)
(0)
(0)
(0)
(0)
(0)

-4
+7
-2
+4
+4
+5
+5
-1
+7
+5
+8
-1
-6
+8
+6
+4
+8
+10
+3
+9
-6

+3
+4
+2
+2
+1
+1
+1
+1
+1
+2
+1
-1
-6
+2
+2
-2
+4
+2
+7
+5
+1

+1
+1
0
0
+1
0
0
+1
0
+1
0
0
-4
0
-1
+1
0
+1
+1
+1
-1

(-1)

(0)
(0)
(0)
(-2)
(-1)
(0)
(0)
(-8)
(0)
(0)
(-2)
(0)
(-1)

*-fwency-:onecEIT<Irenw1iii.-E1gh-caries-aCiiV1ry-(progress1on-sc0re-~+6fEacr-a

dmfs/DMFS increment score of::;; 1 (Criteria C). In recent longitudinal studies, children
with a drnfs/DMFS increment score of::;; 1 (Criteria C) have been considered to be in the
low-caries active group.
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12

IMAGE ANALYSIS OF PROXIMAL CARIES
12.1 Sensitivity and specificity of Image Analysis (IA)
The sensitivity (ability to diagnose correctly carious lesions ie. true-

positives) and specificity (ability to di~gnose correctlr ~f~~~fiurf~c~J'ie. tru~negatives)
of the IA method when compared to visual asessmenttis sliown 9n Table 21.
h'
(
The IA method was more sensitive than the visual method. A number
of small areas in addition to the visual diagnosis were identified by the IA system. The
increase in sensitivity, however, appeared to carry a price in terms of an increase in falsepositive diagnosis (Figures 7a and 7b). The specificity of this IA method was very poor
as compared to visual observation.

12.2

Reproducibility of the Image analysis system
To determine reproducibility of the IA system, the outer edge of the
enamel of each of the 10 surfaces was drawn twice and scanned for carious lesions. The
dimensions of the carious lesion, if detected, at each of the two tests were compared.
Duplicate scans (scans 1 and 2) revealed different numbers of 'lesions' (Figures 8a and
8b). The dimensions of only those lesions picked up by both scans are presented in
Table 21. The area, width, and height of lesion a in scan 1 was compared with lesion a
in scan 2; lesion b in scan 1 was compared with lesion b in scan 2; and lesion c in scan 1
was compared with lesion c in scan 2. Reproducibility of the IA method was found to be
very poor.
12.3

Limitations in measuring the depth of the carious lesion
One of the major drawbacks in the software programme was that the
maximum depth of analysis from the outer surface of enamel was 0.575 mm. This meant
that it was not possible to measure the extent of penetration of large carious lesions of the
R3 and R4 types (Figure 8b). The present soft-ware also did not allow for measurement
of the width of the enamel by which lesions can be accurately classed as R1, R2, R3, or
R4. Because of these limitations, the IA was not used in this study.
13

OUTCOME AND EXPLANATORY VARIABLES
The outcome or dependent variable was a dichotomous indicator of high caries
activity. The two outcomes were low caries activity (LCA=O if progression ~ 5) and
high-caries activity (HCA=1 if progression :2: 6) as determined by the transition scores.
Means, standard deviations, range, 95% confidence intervals, and results of
analysis of variance (ANOV A) are presented for the continuous explanatory variables
according to caries activity.
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Table21

Comparison of the diagnosis made visually and by Image Analysis on the
presence or absence of lesions on the proximal surfaces of the posterior
teeth on radiographs. Each tooth surface was scanned twice to determine
the repeatability of the method of Image Analysis ..

VISUAL
DIAGNOSIS

Lesions
detected

IMAGE ANALYSIS DIAGNOSIS
Area
Width
Height
(mm2)

(mm)

(mm)

(a)
(b)
(c)
(a)
(b)
(c)

0.037
0.029
0.011
0.043
0.024
0.013

0.157
0.105
0.078
0.157
0.131
0.078

0.467
0.378
0.222
0.555
0.378
0.289

(a)
(b)
(a)
(b)

0.018
0.011
0.020
0.009

0.078
0.052
0.078
0.078

0.334
0.311
0.289
0.200

1
2

(a)
(b)

0.023
0.047

0.157
0.209

0.289
0.445

Scan 1
Scan2

2
1

(a)
(a)

0.103
0.101

0.209
0.209

0.801
1.001

(5) One R2 lesion

Scan 1
Scan2

1
1

(a)
(a)

0.134
0.135

0.314
0.366

0.667
0.489

(6) One R2 lesion

Scan 1
Scan2

1
1

(a)
(a)

0.111
0.103

0.391
0.366

0.445
0.445

(7) One R2 lesion

Scan 1
Scan2

5
1

(a)
(a)

0.158
0.147

0.391
0.391

0.645
0.667

(8) One R3 lesion

Scan 1
Scan2

1
3

(a)
(a)

0.047
0.046

0.157
0.209

0.489
0.578

(9) One R3 lesion

Scan 1
Scan2

2
1

(a)
(a)

0.146
0.149

0.575
0.497

0.534
0.778

(10) One R4 lesion Scan 1
Scan2

1
2

(a)
(a)

0.406
0.409

0.575
0.575

1.156
1.156

(1) Sound

Scan 1

3

Scan2

5

Scan 1

2

Scan2

3

(3) One R1lesion

Scan 1
Scan 2

(4) One R1lesion

(2) Sound
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Figures 7 a and 7b

In addition to the visual diagnosis (Figure 7 a) of the presence of
carious lesions (as shown by the arrows), Image Analysis
(Figure 7b) identified a drop in radiolucency at a number of other
places.
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Figures 8a and 8b

Duplicate scans of the same surface revealed different numbers
and sizes of lesions. The entire depth of the R4 carious lesion
was not measurable by the programme.
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Figures 8a and 8b

Duplicate scans of the same surface revealed different numbers
and sizes of lesions. The entire depth of the R4 carious lesion
was not measurable by the programme.
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14

BODY WEIGHT
ANOVA showed there was a significant (f=324; p<O.OOl) difference in the
mean body weights of the two age groups of children. There was no significant (f=0.88;
p=0.35) difference in the mean body weights of children of the same age groups in the
NF or in the F areas. In both age groups body weight increased (f=3.32, p=0.04) from
baseline to 12 months (Table 22). There were no significant (f=O.ll; p=89) differences
in the increase in mean body weights over 12 months in children resident in the NF and F
areas. There were also no significant (f=0.49; p=0.61) differences found in the increase
in body weights of children with low- or high-caries activity.
14.1

Children aged 3-4 years
At baseline, the mean body weight of the children (n=66) aged 3-4
years was 17.6 kg±2.1 (SD) (range=l2 to 24 kg). There was no significant (t=1.38;
df=64; 0.05<p<0.10) difference in the mean body weights of children with low- (mean,
17.2 kg; SD, 2.5; n, 29) and high-caries activity (mean, 17.9 kg; SD, 1.8; n, 37) at
baseline. At 12 months, the mean body weight of the children (n=66) aged 3-4 years had
increased to 20.1 kg± 2.8 (SD) (range=l4 to 24.5 kg). As at baseline, no significant
difference was found in the mean body weight of children with low- and high-caries
activity (f=1.54; p=0.22).
14.2

Children aged 7-8 years
At baseline, the mea..r1 body weight of the children (n=69) aged 7-8
years was 27.0 kg± 3.6 (SD) (range=20 to 38 kg). No significant difference was found
in the mean body weights of children with low- (mean, 27.7 kg; SD, 3.9; n, 20) and
high-caries activity (mean, 26.8 kg; SD, 3.5; n, 49). At 12 months, the mean body
weight of the children (n=69) aged 7-8 years had increased to 30.3 kg± 4.6 (SD)
(range=22 to 43 kg). Similar to the findings at baseline, at 12 months no significant
difference was found in the mean body weights of children with low- and high-caries
activity (f=l.54; p=0.22).
15

AMOUNT OF FOOD EATEN DAILY
Analysis of variance showed there was a significant (f=55; p<O.OOl) difference
in the amount of food eaten daily by the two age groups of children (Table 23).
However, in contrast to body weight, there was no significant (f=l.56; p=0.21) change
in the amount of food eaten daily over the 12 month period within each age group.
Therefore, the findings at baseline, 6 months, and 12 months were averaged.
There was no significant (f=O.ll; p=0.74) difference in the mean daily amount
of food eaten by children resident in the NF or in the F areas. The mean daily amount of
food eaten by all children aged 3-4 years and 7-8 years with low-caries activity at
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Table 22

Mean body weights (kg) of children.
BODY WEIGHT (kg)
Baseline

6months

3-4 YEARS
Mean ± SD (kg)
Number

17.6 ± 2.1
(66)

19.0 ± 2.1
(66)

20.1 ± 2.8
(66)

95% C.I.

17.1 to 18.1

18.5 to 19.5

19.5 to 20.8

Range

12.0 to 24.0

14.0 to 24.5

14.0 to 24.5

27.0 ± 3.6
(69)

29.1 ± 4.1
(67)

30.3 ± 4.6
(69)

26.2 to 27.9

28.1 to 30.1

29.2 to 31.3

20.0 to 38.0

21.0 to 42.0

22.0 to 43.0

7-8 YEARS
Mean± SD (kg)
Number
95% C.I.
Range

12 months

There was a significant (p<0.001) change in the mean body weight over time. The mean
body weight of children aged 3-4 years was significantly (p<0.001) lower than that of
children aged 7-8 years. No significant differences were found in the mean body weights
of children resident in NF and F areas or of children with low- and high-caries activity.
Full details of mean body weights are shown in Appendix 16.
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Table23

Mean amount of food eaten (kg/day) subdivided by age, area of residence
in fluoridated (F) and non-fluoridated (NF) areas, and caries activity (lowcaries :5: 5 units of progression; high-caries ;:::: 6 units of progression).

All children

3-4 YEARS
Mean±SD (kg/day)l.01±0.22
Number
(66)
95% C.I.
0.95 to 1.06
Range
0.54 to 1.45
7-8 YEARS
Mean±SD (kg/day)l.29±0.23
Number
(69)
95% C.I.
1.23 to 1.34
Range
0.85 to 1.78

AMOUNT OF FOOD EATEN
F areas
Low-caries
NF areas

High-caries

1.03±0.22
(34)

0.98±0.21
(32)

0.98±0.23
(29)

1.03±0.20
(37)

1.31±0.25
(34)

1.26±0.20
(35)

1.26±0.23
(20)

1.30±0.23
(49)

No significant (p=0.21) differences were found in the mean amount of food eaten at
baseline and at 6 and 12 months. The mean amount of food eaten by children aged 3-4
years was significantly (p<0.001) lower than that of children aged 7-8 years. No
significant differences were found in the mean amount of food eaten by children resident
in NF and F areas or by children with low- and high-caries activity. Full details of mean
amount of food eaten are shown in Appendix 17.
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baseline, 6 months, and 12 months appeared to be slightly less than that of children with
high-caries activity. However, this difference was not significant (f=0.10; p=0.75).

15.1

Children aged 3-4 years
The mean total amount of food eaten daily by all (n=66) children aged
3-4 years was 1.01 kg/day± 0.22 (SD) (range=0.54 to 1.45 kg/day). No significant
(t=0.70; df=64; 0.20<p<0.25) difference was found in the mean amount of food eaten
by children with low- (mean, 0.98 kg/day; SD, 0.23; n=29) and high-caries activity
(mean, 1.03 kg/day; SD, 0.20; n=37).
15.2

Children aged 7-8 years
The mean total amount of food eaten daily by the children (n=69) aged
7-8 years was 1.29 kg/day ± 0.23 (SD) (range=0.85 to 1.78 kg/day); this was
significantly (t= 33; df=127; p<0.01) higher than the amount of food eaten by the
younger age group. No significant (t=0.54; df=65; 0.25<p<0.30) difference was found
in the mean amount of food eaten by children with low- (mean, 1.26 kg/day; SD, 0.23;
n=20) or high-caries activity (mean, 1.30 kg/day; SD, 0.23; n=49).
16

THE USE AND INGESTION OF TOOTHPASTE
16 .1 Type of tooth paste used
All children, except one, used toothpastes known to contain sodium
monofluorophosphate (NaMFP) or sodium fluoride (NaF). The exception was a child
who was habituated to a herbal toothpaste, not available in New Zealand, which did not
list fluoride as one of the ingredients. The fluoride concentration of the toothpaste was
determined and found to be 0.4 ~g F/g.
Sixteen of the 66 children aged 3-4 years and four of the 69 children
aged 7-8 years were using toothpastes stated to contain 0.31% sodium
monofluorophosphate-NaMFP (440 ~g Fig of paste); the remainder were using
toothpastes stated to contain 0.71% to 0.76% NaMFP or % NaF (1,000 ppm fluoride or
1,000 mg F/kg of paste or 1 mg F/g of paste). The majority (89%) of the parents
reported on buying "whichever toothpaste was on special at the supermarket".
16.2

Amount of toothpaste used per brushing
There was no significant (f=0.60; p=0.55) difference in the amount of
toothpaste used by children over time. Therefore, the findings from baseline, 6 months,
and 12 months were averaged.
16.2.1

Children aged 3-4 years
The amount of toothpaste used per brushing by all children

aged 3-4 years was very variable and ranged from 0.13 to 1.48 g/day (mean, 0.58 g;
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Table 24

Mean amount of toothpaste (g/day) used per brushing subdivided by age,
area of residence in fluoridated (F) and non-fluoridated (NF) areas, and
caries activity (low-caries ~ 5 units of progression; high-caries :?: 6 units
of progression).
AMOUNT OF TOOTHPASTE USED (g/day)
All children
NF areas
F areas
Low-caries
High-caries

3-4 YEARS
Mean±SD (g/day)0.58±0.29
(66)
Number
95% C.I.
0.51 to 0.65
Range
0.13 to 1.48

0.60±0.31
(34)

0.56±0.28
(32)

0.57±0.26
(29)

0.59±0.32
(37)

0.70±0.49
(34)

0.57±0.28
(35)

0.61±0.45
(20)

0.65±0.38
(49)

7-8 YEARS

Mean±SD (g/day)0.64±0.40
Number

(69)

95% C.I.
Range

0.55 to 0.73
0.12 to 2.17

No significant (p=0.21) differences were found in the mean amount of toothpaste (g/day)
used per brushing at baseline and at 6 and 12 months. No significant differences were
found in the mean amount of toothpaste (g/day) used per brushing by children aged 3-4
and 7-8 years, by children resident in NF and F areas, or by children with low- and highcaries activity. Full details of mean amount of toothpaste (g/day) used per brushing are
shown in Appendix 18.
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SD, 0.29; n, 66) (Table 24). There was no significant (t==0.46; df==127; 0.30<p<0.35)
'

difference in the mean amount of toothpaste used by children in the NF (mean, 0.60 g;
SD, 0.31; n, 34) or F (mean, 0.56 g; SD, 0.28; n, 32) areas. Children from the two
areas were therefore pooled. No significant (t==0.23; df==127; 0.40<p<0.45) difference
was found in the mean amount of toothpaste used by children with low- (mean, 0.57 g;
SD, 0.26, n, 29) and high-caries activity (mean, 0.59 mg; SD, 0.32, n, 37).
16.2.2

Children aged 7-8 years
The amount of toothpaste used per brushing by all children

aged 7-8 years was also variable and ranged from 0.12 to as high as 2.17 g/day (mean,
0.64 g; SD, 0.40; n, 69) (Table 24). The mean amount of toothpaste used by this age
group of children appeared to be slightly higher than that used by the younger age group
of children (mean, 0.58 g; SD, 0.29; n, 66). However, this difference was not found to
be significant (t==0.99; df==127; 0.15<p<0.20). There was no significant (t=1.49;
df==127; 0.05<p<0.10) difference in the mean amount of toothpaste used by children in
the NF (mean, 0.70 g; SD, 0.49; n, 34) or F (mean, 0.57 g; SD, 0.28; n, 32) areas.
Children from the two areas were therefore pooled. Similar to the findings in the
younger age group of children there was no significant (t==0.43; df==127; 0.30<p<0.35)
difference in the mean amount of toothpaste used by children with low- (mean, 0.61 g;
SD, 0.45, n, 20) or high-caries activity (mean, 0.65 g; SD, 0.38, n, 49).
16.2.3

Total study population
As no significant differences were found in the mean

amount of toothpaste used by either of the age groups of children or in children living in
NF and F areas, all the results were pooled. The mean amount of toothpaste used by all
(n==135) children was found to be 0.61 g/day ± 0.35 (SD) (range==0.12 to 2.17 g/day).
No significant (t==0.47; df==127; 0.30<p<0.35) difference was found in the mean
amount of toothpaste used by children with low- (mean, 0.59 g/day; SD, 0.35; n, 49)
and high- (mean, 0.62 g/day; SD, 0.35; n, 86) caries activity.

16.3

Frequency of toothbrushing
The majority (93%) of the 131 children brushed their teeth at least once
a day. Nine (7%) of the children brushed their teeth only few times a week. A
significantly (x2==4.06; df==1; 0.02<p<0.05) greater (65%) proportion of children aged
7-8 years brushed their teeth twice a day than children aged 3-4 years (48%); 42% of
children aged 3-4 years and 21% of children aged 7-8 years brushed their teeth once a
day.
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Table25

Fluoride intake (mg/day) from toothpaste at baseline and at 12 months subdivided by age groups and caries activity (low-caries ~ 5
units of progression; high-caries:?: 6 units of progression).
FLUORIDE INTAKE FROM TOOTHPASTE (mg/day)

At Baseline

12 months later

All children

Low-caries

High-caries

All children

Low-caries

0.37±0.29

0.42±0.31

0.33:t0.28

0.23±0.23

0.24±0.22

0.23±0.25

Number

(65)

(28)

(37)

(66)

(29)

(37)

95% C.I.

0.30 to 0.44

0.17 to 0.29

Range

0.00 to 1.29

0.00 to 1.26

High-caries

3-4 YEARS
Mean±SD

7-8 YEARS
0.28±0.34

0.24±0.21

0.30±0.38

0.18±0.18

0.17±0.16

0.19±0.19

Number

(67)

(19)

(48)

(68)

(20)

(48)

95% C.I.

0.20 to 0.36

0.14 to 0.22

Range

0.00 to 2.35

0.00 to 0.75

Mean±SD

There was a significant (p<0.001) change in the fluoride intake from toothpaste from baseline to 12 months. Fluoride intake from toothpaste of
children aged 7-8 years was significantly (p==0.02) lower than that of children aged 3-4 years. No significant differences were found in the fluoride
intake from toothpaste of children resident in NF and F areas or of children with low- and high-caries activity. The full details on fluoride intake
from toothpaste are shown in Appendix 19.

16.4

Fluoride intake from toothpaste
The amount of fluoride ingested per brushing was derived from the
difference between the amount contained in the toothpaste (440 ~g F/g or 1,000 ~g Fig
as stated by the manufacturer) used per brushing and the amount expectorated following
supervised toothbrushing. This figure therefore, underestimates the fluoride intake of
those children who brushed their teeth more than once a day and overestimates the
fluoride intake of those children who brushed their teeth less than once a day.
There was no significant (f= 1.22; p=0.27) difference in the mean
fluoride intake from toothpaste by children in the NF and F areas. There was a
significant (f=5.4; p=0.02) difference in the mean amount of fluoride ingested from
toothpastes (mg/day) by children aged 3-4 years and 7-8 years (Table 25). A highly
significant (f=11.3; p<0.001) difference was also found in the mean amount of fluoride
ingested by children at baseline and at 12 months. The fluoride intake from toothpastes
by children aged 3-4 years is described in Section 18.2 and by children aged 7-8 years is
described in section 19.2.
17

FLUORIDE CONCENTRATION OF DIETS
The ionic and acid-labile fraction of fluoride in the unashed food samples was
determined after acid-diffusion. The overall blank from the procedure was 0.012 ~g of
fluoride which was subtracted from each reading. The mean recovery of fluoride added
to 20 food samples before diffusion was 97%.
The fluoride concentration of the diet did not change significantly (f=2.28;
p=0.10) over the 12-month period. Therefore, the findings at baseline, 6 months, and at
12 months were averaged for each group. A significant (f=173; df=127; p<0.001)
difference was found in the fluoride concentration of the diets of children living in the NF
and F areas. The mean fluoride concentration of the diets of the children resident in the
NF areas (mean, 0.16 mg/kg; SD, 0.06; n, 68) was nearly half that found in the diets of
the children resident in the F areas (mean, 0.35 mg/kg; SD, 0.11; n, 67).
17.1

Non-fluoridated areas
17 .1.1
Children aged 3-4 years
The mean daily fluoride concentration of the diets of the 34
children aged 3-4 years resident in the NF areas was 0.15 mg/kg ± 0.06 (SD)
(range=0.06 to 0.34 mg!kg) (Table 26). In the NF areas, the mean fluoride concentration
of the diets of the 14 children with low-caries activity (mean, 0.12 mg/kg; SD, 0.03)
was found to be lower than that of the 20 children with high-caries activity (mean, 0.17
mg/kg; SD, 0.07). This difference was significant at the 0.05 level (t =1.71; df=127;
0.025<p<0.05).

141

Table 26

Fluoride content (mg!kg) of the diet of children subdivided by age, area of residence in fluoridated (F) and non-fluoridated (NF)
areas, and caries activity (low-caries ::; 5 units of progression;

high-caries~

6 units of progression).

FLUORIDE CONTENT OF THE DIET (mg!kg)

Non-fluoridated areas

Fluoridated areas

Low-caries

High-caries

All children

Low-caries

High-caries

0.15±0.06

0.12±0.03*

0.17±0.07*

0.36±0.11

0.38±0.12

0.34±0.10

Number

(34)

(14)

(20)

(32)

(15)

(17)

95% C.I.

0.13 to 0.17

0.32 to 0.40

Range

0.06 to 0.34

0.15 to 0.57

All children

3-4 YEARS
Mean±SD

7-8 YEARS
0.18±0.06

0.17±0.04

0.18±0.06

0.35±0.10

0.30±0.06t

0.37±0.11t

Number

(34)

(8)

(26)

(35)

(12)

(23)

95% C.I.

0.16 to 0.20

0.31 to 0.39

Range

0.10 to 0.35

0.15 to 0.67

Mean±SD

No significant (p=0.21) differences were found in the fluoride content of the diet at baseline and at 6 and 12 months. The fluoride content of the
diet of children resident in NF areas was significantly (p<O.OOl) lower than that of children resident in F areas. No significant differences were
found in the fluoride content of the diet of children aged 3-4 and 7-8 years. *The fluoride content of the diets of children aged 3-4 years with highcaries activity in the NF areas, was significantly (0.025<p<0.05) higher than those with low-caries activity. tThe fluoride content of the diets of
children aged 7-8 years with high-caries activity in the F areas, was significantly (p=0.01) higher than those with low-caries activity. The full
details on fluoride content of the diet are shown in Appendix 20.

17 .1.2

Children aged 7-8 years
The mean fluoride concentration of the diets of the 34

children aged 7-8 years resident in the NF areas was 0.18 mg!k:g of food± 0.06 (SD)
(range=0.10 to 0.35 mg/kg) (Table 26). This was not significantly (t=1.48; df=127;
0.05<p<0.10) different from that found in the younger age group of children (mean,
0.15 mg/kg; SD, 0.06). However, in contrast to the younger age group of children, no
significant (t=0.30; df=127; 0.35<p<0.40) difference was found in the mean fluoride
concentration of the diets of the older age group of children with high- (mean, 0.18; SD,
0.06; n, 8) or low-caries activity (mean, 0.17; SD, 0.04; n, 26).

17.2

Fluoridated areas
Children aged 3-4 years
17.2.1
The mean fluoride concentration of the diets of the 32
children aged 3-4 years resident in the F areas was 0.36 mg/kg of food± 0.11 (SD)
(range=0.15 to 0.57 mg/kg) (Table 26). In contrast to the findings in the NF areas the
mean fluoride concentration of the diets of children with low-caries activity in the F areas
(mean, 0.38 mg!k:g; SD, 0.12; n, 15) was found to be higher than that of children with
high-caries activity (mean, 0.34 mg/kg ; SD, 0.10; n, 17). However, this difference
was not significant (t=1.35; df=127; 0.05<p<0.10).
17.2.2

Children aged 7-8 years

The mean fluoride concentration of the diets of the 35
children aged 7-8 years resident in the F areas was 0.35 mg/kg of food± 0.10 (SD)
(range=0.15 to 0.67 mg/kg) (Table 26). This was not significantly (t=0.49; df=127;
0.30<p<0.35) different from that found in the younger age group of children (mean,
0.36 mg/kg; SD, 0.11; n, 32). The mean fluoride concentration of the diets of the 12
children with low-caries activity (mean, 0.30; SD, 0.06) was found to be significantly
(t=2.35; df=127; p=0.01) lower than that of children with high-caries activity (mean,
0.37; SD, 0.11; n, 23). This was in contrast to the findings in the same age group of
children in the NF areas.

18

DAILY FLUORIDE INTAKE OF CHILDREN AGED 3-4 YEARS
Fluoride intake from food and drinks (mg F/day) was calculated by multiplying
the fluoride concentration of the diet (mg F!kg of food) with the amount of food eaten
(kg/day).
18.1 From diet alone
There was a significant (f=109; p<0.001) difference in the mean
fluoride intake of children in the NF and F areas (Table 27). There was no significant
(f=2.14;

p=0.12) difference in the daily fluoride intake (mg F/day) over time.
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Table27

Mean fluoride intake of children on a daily basis and on a body weight
basis. Findings from baseline, 6 months, and 12 months have been
averaged.
NON-FLUORIDATED
mg/kgbw
mg!day

FLUORIDATED
mg/kgbw
mg!day

CHILDREN AGED 3-4 YEARS (n=34)
Diet alone
0.008 ± 0.003
0.15 ± 0.06
Mean±SD
0.006 to 0.010
0.13 to 0.17
95% C.I.
0.00 to 0.02
0.05 to 0.31
Range

0.36 ± 0.17
0.30 to 0.42
0.09 to 0.74

0.019 ± 0.009
0.015 to 0.023
0.00 to 0.04

Diet and toothpaste
0.49 ± 0.25
Mean±SD
0.41 to 0.57
95% C.I.
0.17 to 1.21
Range

0.027 ± 0.012
0.023 to 0.031
0.01 to 0.06

0.68 ± 0.27
0.59 to 0.77
0.26 to 1.31

0.036 ± 0.015
0.030 to 0.042

CHILDREN AGED 7-8 YEARS (n=34)
Diet alone
0.008 ± 0.003
0.23 ± 0.08
Mean±SD
0.20 to 0.26
0.006 to 0.010
95% C.I.
0.00 to 0.02
Range
0.09 to 0.50

0.43 ± 0.14
0.38 to 0.48
0.20 to 0.81

0.015 ± 0.006
0.013 to 0.017
0.01 to 0.03

Diet and toothpaste
Mean±SD
0.50 ± 0.22
95% C.I.
0.43 to 0.57
Range
0.20 to 1.06

0.65 ± 0.17
0.59 to 0.71
0.31 to 1.04

0.023 ± 0.006
0.021 to 0.025
0.01 to 0.04

0.017 ± 0.007
0.015 to 0.019
0.01 to 0.04

0.01 to 0.07

The mean fluoride intake from diet and diet and toothpaste of children resident in NF
areas was significantly (p<0.001) lower than that of children resident in F areas. There
was a significant difference in the mean dietary fluoride intake of children aged 3-4 and 78 years but no significant difference in the mean fluoride intake from diet and toothpastes
of children aged 3-4 and 7-8 years. Full details of mean dietary fluoride intake and
fluoride intake from diet and toothpastes are shown in Appendices 21 and 22
respectively.
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Therefore, the findings from baseline, 6 months, and 12 months were averaged. The
mean dietary fluoride intake of children aged 3-4 years on a daily basis and on a body
weight basis is shown in Table 27.
18.1.1

Non-fluoridated areas
The mean intake of fluoride from food and drinks alone of

the 34 children aged 3-4 years resident in the NF areas was 0.15 mg/day ± 0.06
(range==0.05 to 0.31 mg/day). On a body weight (bw) basis, the mean fluoride intake of
the 34 children aged 3-4 years in the NF areas from food and drinks alone was 0.008
mg/day/kg bw±0.003 (SD) (range==0.001 to 0.02 mg/day/kg bw).
18 .1.2

Fluoridated areas
The mean fluoride intake from food and drinks alone of the

32 children aged 3-4 years resident in the F areas was 0.36 mg/day ± 0.17 (range==0.09
to 0.70 mg/day). The mean fluoride intake was 2.4 times greater than that of their
counterparts resident in the NF areas (mean, 0.15; SD, 0.06 mg/day; n, 34). On a body
weight (bw) basis the mean fluoride intake of the children aged 3-4 years in the F areas
from food and drinks alone was 0.019 mg/day/kg bw±0.009 (SD) (range==0.001 to 0.04
mg/day/kg bw; n, 34).

18.2

From toothpastes alone
At baseline, the mean amount of fluoride ingested from toothpaste per

day, by the 65 children aged 3-4 years, was found to be 0.37 mg/day ± 0.29 (SD)
(range==O.OO to as high as 1.29 mg/day). At 12 months, there was a significant (t==4.11;
df==127; p<0.001) reduction in the mean amount of fluoride ingested from toothpastes to
0.23 mg/day ± 0.23 (SD) (range==O.OO to 1.26 mg/day) (Table 25).

18.3

From diet and toothpastes
18.3.1

Non-fluoridated areas
At baseline, the mean fluoride intake from diet and

toothpaste of all children aged 3-4 years in the NF areas was 0.56 mg/day ± 0.33 (SD)
(range==0.17 to 1.37 mg/day; n, 34). At 12 months, the mean fluoride intake was 0.39
mg/day ± 0.26 (SD) (range==0.04 to 1.33 mg/day; n, 34) and this was significantly
(t==3.13; df==127; 0.001<p<0.005) lower than that found at baseline. When the findings
at baseline, 6 months, and 12 months were averaged the mean fluoride intake from diet
and toothpastes was found to be 0.49 mg/day ± 0.25 (SD) (range==0.17 to 1.21 mg/day)
(Table 27). This was 3.3 times greater than the mean fluoride intake from diet alone. On
a body weight basis (Table 27) the mean daily fluoride intake from diet and toothpaste of
34 children was 0.027 mg/kg bw ±0.012 (SD).
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18.3.2

Fluoridated areas
In contrast to the NF areas, there was no difference in the

mean fluoride intake from diet and toothpaste of children aged 3-4 years in the F areas at
baseline (mean, 0.67; SD, 0.36; n, 31) and at 12 months (mean, 0.67; SD, 0.38; n,
32). The results from the three times were therefore.averaged. ,The mean fluoride intake
of all children aged 3-4 years in the F

, ~ cLt{:r

areas/~was

t fq;1Jk()tVJl'1l'J

0.68 mgtday ± 0.27 (SD) (range=0.26 to

1.31 mg/day; n, 32) which was significantly (t=3.45; df=127; p<0.001) higher than
that of their counterparts in the NF areas (Table 27). On a body weight basis (Table 27),
the mean daily fluoride intake of the 32 children was 0.036 mg/kg bw ± 0.015 (SD).

18.4

From diet, toothpastes, and tablets
Sources of fluoride for children in the F areas were food and drinks
and fluoridated toothpastes. An additional source of fluoride intake in the NF areas was
fluoride tablets. Seventeen (25%) of the 68 participants from the NF areas were taking
fluoride tablets during the study. The fluoride intak<? of these children from diet and
toothpastes, and from diet, toothpaste, and tablets is shown in Table 28. Figures 9a and
9b show the fluoride intake from all sources in children aged 3-4 years resident in the NF
and F areas respectively.
Ten children aged 3-4 years were taking 0.25 mg of fluoride/day in
tablet form during the study. Six children belonged to the low-caries active group and
four to the high-caries active group. The mean daily fluoride intake of the 10 children in
the NF areas, from diet, toothpaste, and tablets was 0.61 mg/day ± 0.13 (SD)
(range=0.42 to 0.76 mg/day). The mean total fluoride intake of these children was found
to approach that of their counterparts living in the F areas (mean, 0.68 mg/day; SD,
0.27; n, 32). There was no significant (t=0.82; df=127; 0.20<p<0.25) difference in
the total fluoride intake of children aged 3-4 years living in the NF or in the F areas.
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Table28

Mean fluoride intake (mean±SD) of 17 children in the NF areas who were
taking fluoride tablets.
3-4 years (n=lO)
mg/day
mg/kg bw

7-8 years (n=7)
mg/day
mg!kgbw

0.17±0.07 0.009±0.006
0.07 to 0.31 0.00 to 0.02

0.22±0.05 0.009±0.004
0.13 to 0.29 0.01 to 0.01

0.36±0.13 0.021±0.007
0.17 to 0.51 0.01 to 0.03

0.45±0.13 0.017±0.008
0.28 to 0.62 0.01 to 0.03

Diet+toothpaste+tablets
Mean±SD
0.61±0.13 0.034±0.007
0.42 to 0.76 0.02 to 0.04
Range

0.95±0.13 0.034±0.008
0.78 to 1.12 0.02 to 0.04

Diet alone
Mean±SD
Range

Diet+ tooth paste

Mean±SD
Range
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Figure 9a
Fluoride intake from diet, toothpaste, and tablets of 35 children
aged 3-4 years, resident in the NF areas, with low-(< 5 units of progression)
and high-(> 6 units of progression) caries activity.
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Figure 9b
Fluoride intake from diet, and toothpastes of 32 children aged
3-4 years, resident in the F areas, with low-(< 5 units of progression) and
high-(> 6 units of progression) caries activity.
•

1.20 ~

..)

0

I I

DIET
TOOTHPASTE

~

~
~

"'C

~

0.90

e

'-"
Q)

~
~

...=
~

0.60

~

0.30

0.00
CCCCCC~~~NN

N

N~~~~~~C~NN~~CCCCN~~
~~~~~~NNNNNNN

Caries activity - progression scores

19

DAILY FLUORIDE INTAKE OF CHILDREN AGED 7-8 YEARS
19 .1 From diet alone

There was a significant (f=109; p<0.001) difference in the mean
fluoride intake of children in the NF and F areas. There was no significant (f=2.14;
p=0.12) difference in the daily fluoride intake (mg F/day) over time. Therefore, the
findings from baseline, 6 months, and 12 months were averaged. The mean dietary
fluoride intake of children aged 7-8 years on a daily basis and on a body weight basis is
shown in Table 27.
19.1.1

Non-fluoridated areas

The mean fluoride intake from food and drinks alone of the
34 children aged 7-8 years resident in the NF areas was 0.23 mg/day ± 0.08 (range=
0.09 to 0.50 mg/day). The mean fluoride intake was significantly (t=2.79; df=127;
0.001<p<0.005) higher than that of the younger age group of children in the NF areas
(mean, 0.15 mg/day; SD, 0.06; n, 34). However, on a body weight basis the mean
fluoride intake from diet alone by children aged 3-4 years and 7-8 years was similar
(mean, 0.008 mg/day/kg bw; SD, 0.003; n, 34).
19 .1.2

Fluoridated areas

The mean fluoride intake from food and drinks alone of the
35 children aged 7-8 years resident in the F areas was 0.43 mg/day ± 0.17 (range=0.20
to 0.81 mg/day). The mean fluoride intake was 1.9 times higher than that of their
counterparts resident in the NF areas (mean, 0.23 mg/day; SD, 0.08; n, 34). The mean
fluoride intake was significantly (t=2.42; df=127; 0.001<p<0.001) higher than the
mean fluoride intake of the younger age group of children in the F areas on a daily basis.
However, on a body weight basis the mean fluoride intake of the children aged 7-8 years
in the F areas from food and drinks alone was 0.015 mg/day/kg bw ± 0.006 (SD)
(range=0.01 to 0.03 mg/day/kg bw) which was significantly (t=2.95, 0.001<p<0.005)
less than that of children in the younger age group.

19.2

From toothpastes alone
At baseline, the mean amount of fluoride ingested from toothpaste per
day, by all children aged 7-8 years, was found to be 0.28 mg/day ± 0.34 (SD)
(range=O.OO to as high as 2.35 mg/day; n, 67) (Table 25). At 12 months there was a
significant (t=2.98; df=127; 0.001<p<0.005) reduction in the mean amount of fluoride
ingested from toothpastes to 0.18 mg/day ± 0.18 (SD) (range=O.OO to 0.75 mg/day; n,
68) which, similar to the findings at baseline, was less than that ingested by children aged
3-4 years (Table 25).
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19.3

From diet and toothpastes
19.3.1
Non-fluoridated areas
The mean fluoride intake from diet and toothpaste of
children aged 7-8 years in the NF areas at baseline was 0.60 mg/day ± 0.48 (SD)
(range=0.17 to as high as 2.50 mg/day; n, 34) (Table 27). This was significantly
(t=3.32; df=127; 0.001 <p<0.005) higher than the mean fluoride intake at 12 months
0.42 mg/day ± 0.21 (SD) (range=0.16 to 1.02; n, 34). Over the three assessments the
mean fluoride intake from diet and toothpastes in this group of children was found to be
0.50 mg/day ±0.22 (SD) (range=0.20 to 1.06 mg/day; n,34). The mean fluoride intake
from diet and toothpaste was not significantly (t=0.18; df=127; 0.40<p<0.45) different
from that of the younger age group of children, and followed the same pattern (Table 27).
On a body weight basis (Table 27) the mean daily fluoride
intake of the 34 children was 0.017 mg/kg bw ±o.007 (SD). The mean fluoride intake of
children with low-caries activity (mean, 0.013; SD, 0.005; n, 8) was significantly (t= ;
df=127; ) lower than that of children with high-caries activity (mean, 0.019; SD, 0.007;
n, 26).
19.3.2

Fluoridated areas

Similar to the findings in the younger age group, the mean
fluoride intake from diet and toothpaste of children aged 7-8 years in the F areas at
baseline (mean, 0.64; SD, 0.24; n, 33) did not differ from the intake at 12 months
(mean, 0.64; SD, 0.29; n, 34) (Table 27). The results from the three assessments were
therefore averaged. The mean fluoride intake was 0.65 mg/day± 0.17 (SD) (range=0.20
to 0.81 mg/day; n, 35) and was not significantly (t=0.55; df=127; 0.25<p<0.30)
different from that of the younger age group of children in the F areas. The mean
fluoride intake of children aged 7-8 years in the F areas was significantly (t=2.79;
df=127; 0.001 <p<0.005) higher than that of children in the NF areas (Table 27).
On a body weight basis (Table 27) the mean daily fluoride
intake of 35 children was 0.023 mg/kg bw ± 0.006 (SD) and the mean fluoride intake of
children with low-caries activity (mean, 0.021; SD, 0.004; n, 12) was lower than that of
children with high-caries activity (mean, 0.024; SD, 0.006; n, 23), but the difference
was not significant.

19.4

From diet, toothpastes, and tablets
Seven children aged 7-8 years in the NF areas were taking 0.5 mg of
fluoride/day in tablet form during the study. The mean daily fluoride intake, of the seven
children in the NF areas, from diet, toothpaste, and tablets was 0.95 mg/day ± 0.13 (SD)
(range=0.78 to 1.12 mg/day) (Table 28). Figures lOa and lOb show the fluoride intake
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Figure lOa Fluoride intake from diet, toothpaste, and tablets of 33 children
aged 7-8 years, resident in the NF areas, with low- (< 5 units of
progression) and high-(> 6 units of progression) caries activit~
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Fluoride intake from diet, and toothpaste of 35 children
aged 7-8 years, resident in the F areas, with low-(< 5 units of progression)
and high-(> 6 units of progression) caries activity.
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from all sources in children aged 7-8 years resident in the NF and F areas respectively.
Three of the children taking fluoride tablets had the highest level of fluoride intake. The
mean total fluoride intake of these children was significantly (t=3.06;

df=127;

0.001 <p<0.005) higher than that of their counterparts living in the F areas (mean, 0.65
mg/day; SD, 0.17; n, 35).

20

FLUORIDE INTAKE OF CHILDREN WITH LOW-AND HIGHCARIES ACTIVITY
2 0.1 From diet alone
Non-fluoridated areas
20.1.1
The mean dietary fluoride intake of the 14 children aged 3-4
years with low-caries activity (mean, 0.11 mg/day; SD, 0.03) was not significantly
(t=1.46; df=127; 0.05<p<0.10) different from that of the 20 children with high-caries
activity (mean, 0.17 mg/day; SD, 0.06) (Table 29). Similarly, the mean dietary fluoride
intake of the 8 children aged 7-8 years with low-caries activity (0.22 mg/day; SD, 0.06)
was not significantly (t=0.21; df=127; 0.40<p<0.45) different from that of the 26
children with high-caries activity (0.23 mg/day; SD, 0.09) (Table 29).
Fluoridated areas
The mean dietary fluoride intake of the 15 children aged 3-4
years with low-caries activity (mean, 0.38 mg/day; SD, 0.19) was not significantly
20.1.2

(t=0.72; df=127; 0.20<p<0.25) different from that of the 17 children with high-ca.."'ies
activity (mean, 0.35 mg/day; SD, 0.15) (Table 29). However, the mean dietary fluoride
intake of the 12 children aged 7-8 years with low-caries activity (mean, 0.35 mg/day;
SD, 0.08) was significantly (t=2.85; df=127; 0.001 <p<0.005) lower than that of the 23
children with high-caries activity (mean, 0.47 mg/day; SD, 0.16) (Table 29). Figure lla
shows these differences diagramatically.

20.2

From toothpastes alone
The mean fluoride intake from toothpastes of the 28 children aged 3-4
years with low-caries activity (mean, 0.42; SD, 0.31) was significantly (t=9.5,
p<O.OOl) higher than that of the 37 children with high-caries activity (mean, 0.33; SD,
0.28) at baseline. No significant difference was found in the mean amount of fluoride
ingested from toothpastes by children with low- and high-caries activity at 6 months
(t=0.81; df=127; 0.20<p<0.25) or at 12 months (t=0.21; df=127; 0.40<p<0.45).
However, in children aged 7-8 years the mean amount of fluoride ingested from
toothpastes by the 20 children with low-carle~ activity (mean, 0.24 mg/day; SD, 0.21)
was not significantly different from that of the 48 children with high-caries activity
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Table29

Mean fluoride intake of children with low- and high-caries activity.

FLUORIDE INTAKE (mg/day) (Mean ± SD)
3-4 years
7-8 years
NF areas
F areas
NF areas
F areas
DIET ALONE
Low-caries active
High-caries active
All children

0.11 ± 0.03

0.38 ± 0.19

0.22 ± 0.06

0.17 ± 0.06

0.35 ± 0.15
0.36 ± 0.17

0.23 ± 0.09
0.23 ± 0.08

0.35 ± 0.08]~
0.47 ± 0.16
0.43 ± 0.14

0.78 ± 0.28]~
0.59 ± 0.24

0.40 ± 0.18

0.59 ± 0.15

0.52 ± 0.23

0.68 ± 0.18

0.68 ± 0.27

0.50 ± 0.22

0.65 ± 0.17

0.15 ± 0.06

DIET+ TOOTHPASTE
Low-caries active
0.43 ± 0.19
High-caries active
0.53 ± 0.28
0.49 ± 0.25
All children

*

Difference significant at the 0.05 level
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Figure lla
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Diagrammatic presentation of the results of ANOV A, showing the
influence of area, age, and caries activity on dietary fluoride intake.
Crossing over of lines was indicative of a significant difference in the
fluoride intake of the groups in question and this difference was further
tested by t-tests ..
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(mean, 0.30 mg/day; SD, 0.38) at baseline, 6 months or at 12 months (t=0.39; d£=127;
0.30<p<0.35).

2 0. 3

From diet and toothpastes
20.3.1
Non-fluoridated areas
The mean fluoride intake from diet and toothpastes of
children aged 3-4 years with low-caries activity (mean, 0.43 mg/day; SD, 0.19) was not
significantly different from that of children with high-caries activity (mean, 0.53 mg/day;
SD, 0.28). The mean fluoride intake from diet and toothpastes of children aged 7-8 years
with low-caries activity (mean, 0.40 mg/day; SD, 0.18) was also not significantly
different from that of children with high-caries activity (mean, 0.52 mg/day; SD, 0.23).
(Table 29).
20.3.2

Fluoridated areas
In contrast to the NF areas, the mean fluoride intake from

diet and toothpaste of the 15 children aged 3-4 years with low-caries activity in the F
areas (mean, 0.78;

SD, 0.28) was found to be significantly (t=2.40;

df=127;

0.005<p<0.01) higher than that of the 17 children with high-caries activity (mean, 0.59;
SD, 0.24). However, in children aged 7-8 years the mean fluoride intake from diet and
toothpastes of the 12 children with low caries-activity (mean, 0.59 mg/day; SD, 0.15)
was not significantly (0.10<p<0.15) different from that of the 23 children with highcaries activity (mean, 0.68 mg/day; SD, 0.18; n, 23) (Table 29). Figure llb shows
these differences diagramatically.

21

FLOW RATE OF MIXED SALIVA
A significant difference was found in the mean flow rate of mixed saliva in the
two age groups of children (f=14, p<0.001). There were also no significant differences
in the flow rates of mixed saliva collected at baseline, 6 months, or 12 months (f= 1.19;
p=0.31) in either age group. The findings from the three assessments were therefore
averaged (Table 30a).
21.1

Children aged 3-4 years
The mean flow rate of mixed saliva of all children aged 3-4 years was
0.71 ml/min ± 0.28 (SD) (range=0.32 to 1.59 ml/min; n, 66). There was no significant
(t=0.14; d£=127; 0.40<p<0.45) difference in the mean flow rate of mixed saliva of
children with low- (mean, 0.71 ml/min; SD, 0.28; n, 29) and high-caries activity (mean,
0.70 ml/min; SD, 0.28; n, 37).
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Table 30a

Mean flow rate (ml/min) of mixed saliva subdivided by age, area of
residence in fluoridated (F) and non-fluoridated (NF) areas, and caries
activity (low-caries ::; 5 units of progression; high-caries

~

6 units of

progression).
FLOW RATE OF MIXED SALN A

All children

NF areas

F areas

Low-caries

High-caries

3-4 YEARS
Mean±SD (ml/min)O. 71 ± 0.28
Number

(66)

95% C.I.
Range

0.64 to 0.78

0.76 ± 0.31
(34)

0.65 ± 0.24 0.71 ± 0.28 0.70 ± 0.28
(32)
(29)
(37)

0.22 to 1.59

7-8 YEARS
Mean±SD (ml/min)0.89 ± 0.30
Number

(69)

95% C.I.
Range

0.82 to 0.96
0.33 to 1.74

0.93

± 0.33

(34)

0.84

± 0.28

(35)

0.93

± 0.32

(20)

0.87

± 0.30

(49)

No significant (p=0.31) differences were found in the mean flow rate of mixed saliva at
baseline and at 6 and 12 months. The mea'l flow rate of mixed saliva of children aged 34 years was significantly (p<O.OOl) lower than that of children aged 7-8 years. No
significant differences were found in the mean flow rate of mixed saliva of children
resident in NF and F areas or in children with low- and high-caries activity. Full details
of mean flow rate (ml/min) of mixed saliva are shown in Appendix 23.
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21. 2

Children aged 7-8 years
The mean flow rate of mixed saliva of all children aged 7-8 years was
0.89 ml/min ± 0.30 (SD) (range=0.33 to 1.74 ml/min; n, 69). This was found to be
significantly (t=3.56; df=127; p<0.001) higher than that found in the younger age group
of children. No significant (t=0.77, 0.20<p<0.25) difference was found in the mean
flow rate of mixed saliva of children aged 7-8 years with low- (mean, 0.93 ml/min; SD,
0.32; n, 20) and high-caries activity (mean, 0.87 ml/min; SD, 0.30; n, 49).
22

FLOW RATE OF PAROTID SALIVA
There was a significant difference (f=5.14; p=0.025) in the mean flow rate of
parotid saliva between children aged 3-4 years and 7-8 years. No significant (t=1.18;
df=127; 0.10<p<0.15) difference was found in the mean flow rate of parotid saliva of
children resident in the NF or F areas. There were no significant (f=2.66; p=0.07)
difference in the mean flow rates of mixed saliva collected at baseline, 6 months, or 12
months. Results from the three time periods were therefore pooled.
2 2. 1

Children aged 3-4 years
The mean flow rate of parotid saliva of children aged 3-4 years was
0.22 g/min ± 0.12 (SD) (range=0.05 to 0.62 g/min; n, 66) (Table 30b). There was no
difference in the mean flow rate of parotid saliva of children with low- (mean, 0.22
g/win; SD, 0.11; n, 29) or high-caries activity (mean, 0.22 g/min; SD, 0.12; n, 37).
22.2

Children aged 7-8 years
The mean flow rate of parotid saliva of children. aged 7-8 years was
0.28 g/min ± 0.15 (SD) (range=0.05 to 0.74 g/min; n, 69) (Table 30b). No significant
(t=1.09, 0.10<p<0.15) difference was found in the mean flow rate of parotid saliva of
children aged 7-8 years with low- (mean, 0.25 g/min; SD, 0.13; n, 20) or high-caries
activity (mean, 0.29 g/min; SD, 0.16; n, 49).
23

FLUORIDE CONTENT OF SALIVA
The known addition technique was used to determine the fluoride content of
parotid and mixed saliva after acid-diffusion. The mean recovery of fluoride (different
concentrations of NaF solutions) added to 20 samples of saliva before diffusion was
93%.
23.1

Fluoride content of mixed saliva
ANOVA showed that there was no significant (f=0.02; p=0.89)
difference in the mean fluoride content of mixed saliva of children aged 3-4 years or 7-8
years (Table 31a). There was also no difference (f=0.002; p=0.96) found in the mean
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Table 30b

Mean flow rate (mVmin) of parotid saliva subdivided by age, area of
residence in fluoridated (F) and non-fluoridated (NF) areas, and caries
activity (low-caries
progression).

s

5 units of progression; high-caries

~

6 units of

FLOW RATE OF PAROTID SALIVA (ml/min)
All children
NF areas
F areas
Low-caries High-caries

3-4 YEARS
Mean±SD
Number
95% C.I.
Range
7-8 YEARS
Mean±SD
Number
95% C.I.
Range

0.22 ± 0.12
(66)

0.24 ± 0.12 0.20 ± 0.11 0.22 ± 0.11 0.22 ± 0.12
(34)
(32)
(29)
(37)

0.19 to 0.25
0.05 to 0.62

0.28 ± 0.15
(69)

0.30 ± 0.16 0.26 ± 0.14 0.25 ± 0.13 0.29 ± 0.16
(20)
(34)
(35)
(49)

0.24 to 0.32
0.05 to 0.74

No significant (p=0.31) differences were found in the mean flow rate of parotid saliva at
baseline and at 6 and 12 months. The mean flow rate of parotid saliva of children aged 34 years was significantly (p<0.001) lower than that of children aged 7-8 years. No
significant differences were found in the mean flow rate of parotid saliva of children
resident in NF and F areas or in children with low- and high-caries activity. Full details
of the mean flow rate (ml/min) of parotid saliva are shown in Appendix 24.
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Table 31a

Mean fluoride content (~g/ml) of mixed saliva subdivided by area of
residence in fluoridated (F) and non-fluoridated (NF) areas, and caries
activity (low-caries ~ 5 units of progression; high-caries :2: 6 units of
progression).
FLUORIDE CONTENT OF MIXED SALIVA (~glml)
All children

NF areas

F areas

Low-caries

High-caries

Number

0.03±0.01
(135)

0.03±0.01
(68)

0.03±0.01
(67)

0.03±0.01
(49)

0.02±0.02
(86)

95% C.I.

0.028 to 0.032

Range

0.01 to 0.120

Mean±SD

No significant differences were found in the mean fluoride content of mixed saliva at
baseline and at 6 and 12 months. No significant differences were found in the mean
fluoride content of mixed saliva of children aged 3-4 and 7-8 years, children resident in
NF and F areas, or in children with low- and high-caries activity. Full details of mean
fluoride content of mixed saliva are shown in Appendix 25 a.

Table 31b

Mean fluoride content

(~g/ml)

of parotid saliva subdivided by area of

residence in fluoridated (F) and non-fluoridated (NF) areas, and caries
activity (low-caries ~ 5 units of progression; high-caries :2: 6 units of
progression).
FLUORIDE CONTENT OF PAROTID SALIVA (~g/ml)
All children
Mean±SD 0.005±0.002
(135)
Number
95% C.I.
Range

NF areas

F areas

0.005±0.002
(68)

0.005±0.003
(67)

Low-caries
0.006±0.002
(49)

High-caries
0.005±0.002
(86)

0.005 to 0.006
0.00 to 0.02

No significant differences were found in the mean fluoride content of parotid saliva at
baseline and at 6 and 12 months. No significant differences were found in the mean
fluoride content of parotid saliva of children aged 3-4 and 7-8 years or of children
resident in NF and F areas. *The mean fluoride content of parotid saliva of children with
low-caries activity was significantly (0.005<p<O 01) higher than that of children with
high-caries activity. Full details of mean fluoride content of parotid saliva are shown in
Appendix 25 b.
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fluoride content of mixed saliva of children in the NF (mean, 0.025; SD, 0.014; n, 68)
or F areas (mean, 0.025; SD, 0.014; n, 68). Findings from the two age groups of
children in the two areas were therefore pooled. The mean fluoride content of mixed
saliva of all children was 0.03 Jlg/ml ± 0.01 (SD) (range=0.01 to 0.12 Jlg/ml; n, 135).
The mean fluoride content of mixed saliva of children with low-caries activity (mean,
0.03; SD, 0.01; n, 49) was found to be higher than that of children with high-caries
activity (mean, 0.02; SD, 0.02; n, 86) but this difference was not found to be significant
(f=2.27; p=0.13).

2 3. 2

Fluoride content of parotid saliva
ANOVA showed that there was no significant (f=0.92;

p=0.34)

difference in the mean fluoride content of parotid saliva of children aged 3-4 years or 7-8
years. There was also no difference (f=0.21; p=0.65) found in the mean fluoride
content of parotid saliva of children in the NF (mean, 0.005; SD, 0.002; n, 68) or F
areas (mean, 0.005; SD, 0.003; n, 67). Findings from the two age groups of children
in the two areas were therefore pooled. The mean fluoride content of parotid saliva of all
children was 0.005 Jlg/ml ± 0.002 (SD) (range=0.001 to 0.02 Jlg/ml; n, 135) (Table
31 b). The mean fluoride content of parotid saliva of children with low-caries activity
(mean, 0.006; SD, 0.002; n, 49) was found to be higher than that of children with highcaries activity (mean, 0.005; SD, 0.002; n, 86) and this difference was found to be
significant (t=2.47; df=127; 0.005<p<0.01).

24

CARIES ACTIVITY AND THE DAILY INTAKE OF NUTRIENTS
OTHER THAN FLUORIDE
Analysis of variance was used to determine differences in mean intake of 32

nutrients by age, sex, area, and caries activity.

24.1

Differences in intake of nutrients by the two age groups
The mean intakes of 24 of the 32 nutrients was significantly (f::;; 0.05)

higher in children aged 7-8 years when compared with those of children aged 3-4 years
(Table 32). The mean intakes of glucose, lactose, fructose, calcium, Vitamin A,
thiamine, riboflavin, and Vitamin D were not significantly (f>0.05) different in the two
age groups (Table 33).

2 4. 2

Differences in intake of nutrients by males and females
In both age groups, the mean intakes of most nutrients tended to be

higher in males than in females. However, the mean intake of only a few nutrients, was
significantly higher in males than in females. In children aged 3-4 years, males had a
significantly higher mean intake of energy (f=0.04), carbohydrate (f=0.04), starch
(f=O.Ol), and Vitamin E (0.04) than females (Table 34).
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Table 32

Daily intake of 32 nutrients by children aged 3-4 and 7-8 years.

Water (g)
Mean±SD
Range
Energy (kJ)
Mean±SD
Range
Protein (g)
Mean±SD
Range
Total fat (g)
Mean±SD
Range
Potassium (mg)
Mean±SD
Range
Selenium (Jlg)
Mean±SD
Range
Niacin (mg)
Mean±SD
Range
Carbohydrate (g)
Mean±SD
Range
Starch (g)
Mean±SD
Range
Iron (mg)
Mean±SD
Range
Zinc (mg)
Mean±SD
Range
Sodium (mg)
Mean±SD
Range
Vitamin E (mg)
Mean±SD
Range
Phosphorus (mg)
Mean±SD
Range
Copper (mg)
Mean±SD
Range
Cholesterol (mg)
Mean±SD
Range

3-4 years
(n=66)

7-8 years
(n=68)

947 ± 223
477 to 1,632

1,119 ± 250
659 to 1,710

p<0.001

6,519 ± 1,288
4,120 to 9,978

7,746 ± 1,444
5,273 to 11,738

p<0.001

48± 13
27 to 76

57± 15
20 to 107

p<0.001

61 ± 15
32 to 94

74±20
35 to 125

p<0.001

2,090 ± 553
1,010 to 3,835

2,484 ± 642
798 to 4,323

p<0.001

19 ±7
7.6 to 48

25 ± 12
9.5 to 73

p<0.001

10 ± 2.9
4.6 to 18

12 ± 3.6
3.4 to 29

p<0.001

216 ±50
132 to 367

253 ±47
166 to 419

p<0.001

100 ±26
17 to 193

119± 26
76 to 189

p<0.001

8.2 ± 2.4
4.3 to 18.0

9.8 ± 2.7
4.7 to 24.3

p=0.001

7.5 ± 2.3
3.6 to 15.9

8.9 ± 2.9
2.8 to 18.9

p=0.001

1,940 ± 539
938 to 3356

2,214 ± 558
1,209 to 3949

p=0.003

5.0 ± 2.0
2.4 to 13

6.0 ± 2.0
2.7 to 13

p=0.003

916 ± 229
467 to 1648

1,049 ± 290
466 to 2,388

p=0.004

1.1±0.4
0.44 to 2.83

1.3 ± 0.5
0.72 to 4.47

p=0.01

164 ± 68
65 to 393

203 ± 98
62 to 570

p=0.01

Significance of
the difference betn.
the two age groups

-(NS)- No significant differences in the intake of the nutrient by children aged 3-4 and 78 years
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Table 32

(continued) Daily intake of 32 nutrients by children aged 3-4 and 7-8 years.

Magnesium (mg)
Mean±SD
Range
Chloride (mg)
Mean±SD
Range
Vitamin B6 (mg)
Mean±SD
Range
Maltose (g)
Mean±SD
Range
Total sugar (g)
Mean±SD
Range
Sucrose (g)
Mean±SD
Range
Manganese (mg)
Mean±SD
Range
Vitamin C (mg)
Mean±SD
Range
Calcium (mg)
Mean±SD
Range
Glucose (g)
Mean±SD
Range
Lactose (g)
Mean±SD
Range
Fructose (g)
Mean±SD
Range
Vitamin A (mg)
Mean±SD
Range
Thiamine (mg)
Mean±SD
Range
Riboflavin (mg)
Mean±SD
Range
Vitamin D (!lg)
Mean±SD
Range
--

3-4 years
(n=66)

7-8 years
(n=68)

Significance of
the difference

206 ± 60
89 to 393

233 ±53
123 to 414

p=0.01

2,838 ± 736
1,308 to 4,827

3,186 ± 811
1,684 to 5,536

p=0.01

1.1 ± 0.5
0.5 to 3.7

1.3 ± 0.6
0.5 to 3.9

p=0.01

2.7 ± 1.0
0.7 to 5.9

3.2 ± 1.4
1.0 to 11

p=0.02

115 ± 38
42 to 216

131 ± 37
68 to 264

p=0.03

64±28
16 to 128

75±27
27 to 150

p=0.04

2.9 ± 1.2
1.1 to 7.4

3.4 ± 1.4
1.4 to 10

p=0.04

144±73
24 to 338

173 ± 78
40 to 355

p=0.05

647 ± 194
171 to 1,118

691 ± 235
280 to 1498

p=0.20 NS

17 ± 8
3 to 35

19±9
5 to 58

p=0.46 NS

15 ±7
1 to 34

16±9
1 to 52

p=0.35 NS

16±7
3 to 32

18 ± 10
2to 63

p=0.31 NS

1.1 ± 0.6
0.4 to 4.1

1.4 ± 0.9
0.3 to 7

p=0.12 NS

1.0 ± 0.3
0.5 to 2.1

1.1 ± 0.3
0.4 to 2.0

p=0.11 NS

1.4 ± 0.5
0.3 to 3.0

1.5 ± 0.9
0.4 to 7.2

p=0.26 NS

1.5 ± 1.6
0.2 to 12

1.7 ± 1.3
0.2 to 7.7

p=0.36 NS

NS - No significant differences in the intake of the nutrient by children aged 3-4 and 7-8
years
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Table 33

Mean daily intakes of those nutrients that were not significantly different in
the two age groups are shown in this table with the two age groups
combined.

Glucose(g)
Males
Females
Males + Females
Lactose (g)
Males
Females
Males + Females

TOTAL

LCA

HCA

Significance of
the difference

18 ±9
18 ±9

18 ± 8
16±7
17 ± 8

19 ±9
19± 10
19 ±9

0.65
0.30
0.27

16±7(50)
16 ± 9 (35)
16 ± 8 (85)

0.16
0.45
0.63

18 ±9

16 ± 9 (73) 18 ± 11 (23)
14 ± 7 (26)
15 ± 8 (61)
16 ± 8 (134) 16±9(49)

Fructose (g)
Males
Females
Males + Females

17 ± 8
17 ± 10
17 ±9

17 ± 8
15±7
16±7

17 ± 8
19± 11
18 ± 10

0.98
0.13
0.22

Calcium (mg)
Males
Females
Males + Females

675 ±225
659 ±207
668 ± 216

689± 265
643 ± 171
665 ± 219

668 ± 207
671 ± 232
669 ± 216

0.65
0.88
0.85

Vitamin A (J.lg)
Males
Females
Males + Females

1.2 ± 0.9
1.3 ± 0.7
1.3 ± 0.8

1.2 ± 0.8
1.2 ± 0.5
1.2 ± 0.6

1.1 ± 1.0
1.4 ± 0.8
1.3 ± 0.9

0.89
0.65
0.83

Thiamine (mg)
Males
Females
Males + Females

1.1 ± 0.3
1.1 ± 0.3
1.1 ± 0.3

1.1 ± 0.4
1.0 ± 0.2
1.0 ± 0.3

1.1 ± 0.3
1.1 ± 0.4
1.1 ± 0.3

0.38
0.18
0.73

1.5 ± 0.5
1.5 ± 0.9

1.5 ± 0.7
1.3 ± 0.4
1.4 ± 0.5

1.4 ± 0.5
1.6 ± 1.1
1.5 ± 0.8

0.39
0.31

Riboflavin (mg)
Males
Females
Males + Females

1.5 ± 0.7

165

0.68

Table 34

Nutrient

The mean (±SD) intake of nutrients of males (M) and females (F) aged 3-4 years, who showed low-caries activity (LCA) and highcaries activity (HCA) over the 12 months. * Differences are significant at the 0.05 level .

Sex

Total

(Males=M)
(Females=F)
(M+F)

n=37
n=29
n=66

Water
(rnl)

M
F
(M+F)

981±212
904±232
947±223

Energy
(kJ)

M
F
(M+F)

6,835±1,310
6,117±1,159
6,519±1,288

Protein
(g)

M
F
(M+F)

51±14
45±10
48±13

Total Fat
(g)

M
F
(M+F)

Cholesterol
(mg)
Carbohydrate
(g)
(continued)

HCA
n=23
n=14
n=37

Significance of the
difference between
LCAandHCA
(p values)

999±255
847±208
920±241

969±187
966±248
968±209

0.69
0.19
0.50

6,729±1,503
5,917±1,144
6,309±1,369

6,900±1,209
6,331±1,177
6,685±1,213

0.72
0.37
0.38

0.07

50±15
45±9
48±13

51±14
45±10
49±13

0.89
0.99
0.91

64±15
58±13
61±15

0.20

62±14
54±11
58±13

65±16
62±15
64±16

0.58
0.11
0.15

M
F
(M+F)

174±67
151±68
164±68

0.35

152±54
150±74
151±64

188±71
152±63
174±70

0.15
0.84
0.24

M
F
(M+F)

226±52
202±45
216±50

226±67
198±49
212±59

227±42
206±41
219±42

0.89
0.70
0.71

Significance of the
difference between
males and females
(p values)
0.21

0.04

0.04

*

*

LCA
n=14
n=15
n=29

Table 34

Nutrient

(continued)

Sex

Total

(Males=M)
(Females=F)
(M+F)

n=37
n=29
n=66

Total sugars
(g)

M
F
(M+F)

119±38
110±37
115±38

Starch
(g)

M
F
(M+F)

106±27
91±22
100± 26

Glucose
(g)

M
F
(M+F)

18±8
16±8
17±8

Lactose
(g)

M
F
(M+F)

Fructose
(g)
Maltose
(g)
(continued)

Significance of the
difference between
males and females
(p values)

LCA
n=14
n=15
n=29

HCA
n=23
n=14
n=37

Significance of the
difference between
LCAandHCA
(p values)

0.39

114±44
106±44
110±43

122±35
115±28
120±32

0.57
0.54
0.37

111±36
92±20
101±30

103±21
90±25
99±23

0.50
0.82
0.46

0.36

17±9
16±9
16±9

19±7
17±7
18±7

0.44
0.69
0.39

16±8
14±6
15±7

0.18

18±8
14±6
16±7

15±8
14±5
15±7

0.17
0.74
0.37

M
F
(M+F)

16±7
15±8
16±7

0.58

15±9
14±8
15±8

17±6
16±7
17±6

0.42
0.45
0.27

M
F
(M+F)

2.7±1.0
2.8±1.1
2.7±1.0

0.67

2.7±1.4
2.7±1.3
2.7±1.3

2.6±0.7
2.9±0.9
2.8±0.8

0.89
0.58
0.75

0.01

*

Table 34

Nutrient

(continued)

Sex
(Males=M)
(Females=F)
(M+F)

~"

Total
n=37
n=29
n=66

Significance of the
difference between
males and females
(p values)

LCA
n=14
n=15 ·
n=29

HCA
n=23
n=14
n=37

Significance of the
difference between
LCAandHCA
(p values)

Sucrose
(g)

M
F
(M+F)

66±30
62±26
64±28

0.66

61±29
60±27
60±27

69±31
64±25
67±28

0.47
0.66
0.36

Sodium
(mg)

M
F
(M+F)

2,014±580
1,847±475
1,940±539

0.29

1,948±713
1,749±392
1.8±0.6

2,054±496
1,951±547
2.0±0.5

0.61
0.26
0.28

Magnesium
(mg)

M
F
(M+F)

208±58
205±63
206±60

0.64

208±73
210±72
209±71

207±49
199±53
204±50

0.96
0.56
0.76

Phosphorus
(mg)

M
F
(M+F)

962±259
857±170
916±229

0.96

978±324
839±170

952±218
876±175

0.77
0.55

Chloride
(mg)

M
F
(M+F)

2,935±807
2,714±626
2,838±736

0.31

2,838±982
2,616±566
2.7±0.8

2,994±697
2,819±690
2.9±0.7

0.62
0.39
0.35

Potassium

M
F
(M+F)

2,140±599
2,025±491
2,090±553

0.36

2,203±696
2,084±508
2.1±0.6

2,102±544
1,962±482
2.0±0.5

0.65
0.52
0.45

(mg)
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(continued)

Nutrient

Sex
(Males=M)
(Females=F)
(M+F)

Total
n=37
n=29
n=66

Significance of the
difference between
males and females
(p values)

LCA
n=14
n=15
n=29

HCA
n=23
n=14
n=37

Significance of the
difference between
LCAandHCA
(p values)

Calcium
(mg)

M
F
(M+F)

679±209
599±166
647±194

0.12

682±217
601±173
640±197

677±209
597±165
647±195

0.90
0.94
0.93

Manganese
(mg)

M
F
(M+F)

2.9±1.1
2.9±1.2
2.9±1.2

0.63

3.2±1.6
3.0±1.4
3.1±1.5

2.7±0.8
2.8±0.9
2.8±0.8

0.22
0.61
0.22

Iron
(mg)

M
F
(M+F)

8.5±2.6
7.9±2.0
8.2±2.4

0.26

8.6±3.6
8.0±2.3

8.4±1.9
7 .8±1.7

0.90
0.71

Copper
(mg)

M
F
(M+F)

1.1±0.4
1.0±0.4
1.1±0.4

0.63

1.1±0.6
1.1±0.5

1.1±0.3
1.0±0.3

0.94
0.56

Zinc
(mg)

M
F
(M+F)

7.8±2.7
7.0±1.7
7.5±2.3

0.26

7.5±3.5
7.1±1.9
7.3±2.7

8.0±2.1
7.0±1.7
7.6±2.0

0.67
0.84
0.74

Selenium
(J.Lg)

M
F
(M+F)

19±5
18±8
19±7

0.73

20±7
20±10
20±8

17±4
16±6
17±5

0.22
0.21
0.07
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(continued)

Nutrient

Sex
(Males=M)
(Females=F)
(M+F)

Total
n=37
n=29
n=66

Significance of the
difference between
males and females
(p values)

LCA
n=14
n=15
n=29

HCA
n=23
n=14
n=37

Significance of the
difference between
LCAandHCA
(p values)

Vitamin A
(mg)

M
F
(M+F)

1.2±0.7
1.1±0.5
1.1±0.6

0.82

1.2±0.9
1.0±0.3
1.1±0.7

1.1±0.6
1.2±0.7
1.2±0.6

0.72
0.35
0.83

Thiamine
(mg)

M
F
(M+F)

1.0±0.3
1.0±0.3
1.0±0.3

0.68

1.1±0.4
0.9±0.2

1.0±0.3
1.1±0.4

0.52
0.26

Riboflavin
(mg)

M
F
(M+F)

1.4±0.6
1.3±0.5
1.4±0.5

0.47

1.5±0.7
1.2±0.4
1.4±0.6

1.4±0.5
1.4±0.5
1.4±0.5

0.40
0.29
0.99

Niacin
(mg)

M
F
(M+F)

10±3
10±3
10±3

0.74

10±4
9±2
10±3

10±3
11±3
11±3

0.93
0.11
0.34

VitaminB6
(mg)

M
F
(M+F)

1.1±0.5
1.0±0.4
1.1±0.5

0.25

1.2±0.7
1.1±0.5
1.1±0.6

1.1±0.3
1.0±0.3
1.0±0.3

0.60
0.51
0.41

VitaminC
(mg)

M
F
(M+F)

144±82
144±63
144±73

0.73

121±84
129±64
125±73

157±79
159±61
158±72

0.23
0.22
0.08

(continued)
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Nutrient

(continued)

Sex
(Males=M)
(Females=F)
(M+F)

Total
n=37
n=29
n=66

Significance of the
difference between
males and females
(p values)

LCA
n=14
n=15
n=29

HCA
n=23
n=14
n=37

Significance of the
difference between
LCAandHCA
(p values)

VitaminD
(!lg)

M
F
(M+F)

1.7±1.9
1.2±1.0
1.5±1.6

0.25

1.3±0.5
1.3±1.2
1.3±0.9

2.0±2.4
1.1±0.7
1.7±2.0

0.30
0.56
0.47

VitaminE
(mg)

M
F
(M+F)

5.5±2.3
4.5±1.4
5.0±2.0

5.7±2.6
4.4±1.3
5.0±2.1

5.3±2.2
4.5±1.6
5.0±2.0

0.77
0.83
0.87

0.04

*

In children aged 7-8 years, males had a significantly higher mean intake
of starch (0.05), and maltose (f=0.004) (Table 35).

2 4. 3

Differences in intake of nutrients in F and NF areas
There was a significant difference in the mean intake of cholesterol ,
magnesium, and manganese by children aged 3-4 years (but not 7-8 years) resident in the
F and NF areas (Table 36). The mean intake of cholesterol was significantly (f=0.002)
lower in the F areas as compared to the NF areas; the mean intakes of magnesium and
manganese were significantly (f=0.05) higher in the F areas as compared to the NF areas.
In children aged 7-8 years, no significant differences were found in the mean intakes of
nutrients in F and NF areas.
24.3 Differences in intake of nutrients by children with lowand high-caries activity
24.3.1
Males aged 3-4 years
There were no significant differences in the mean intake of
any of the nutrients between low- and high-caries active males aged 3-4 years (Table 34).
Although not significant, high-caries active males had relatively higher mean intakes of
cholesterol (f=0.15), and Vitamin C (f=0.23) and lower mean intakes of lactose
(f=0.17), selenium (f=0.22), and manganese (f=0.22) than low-caries active males.
24.3.2

Females aged 3-4 years
There were no significant differences in the mean intakes of

any of the nutrients between low- and high-caries active females aged 3-4 years (Table
34). Although not significant, high-caries active females had relatively higher mean
intakes of water (0.19), total fat (0.11), niacin (p=O.ll), and Vitamin C (p=0.23), and
lower mean intakes of selenium (p=0.21) than the low-caries active females.
24.3.3

Males aged 7-8 years
There were no significant differences in the mean intake of

any of the nutrients between low- and high-caries active males aged 7-8 years (Table 35).
Although not significant, high-caries active males had relatively higher mean intake of
water (p=0.21), and lower mean intakes of sodium (p=0.14), chloride (p=0.21), zinc
(p=0.07), and Vitamin E (p=0.06) than low-caries active males.
24.3.4

Females aged 7-8 years
There were no significant differences in the mean intake of

any of the nutrients between low- and high-caries active females aged 7-8 years (Table
35). Although not significant, high-caries active females had relatively higher mean
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Table 35

The mean (±SD) intake of nutrients of males (M) and females (F) aged 7-8 years, who showed low-caries activity (LCA) and highcaries activity (HCA) over the 12 months. *Differences are significant at the 0.05 level.
Significance of the
difference between
males and females
(p values)

LCA

HCA

n=9
n=11
n=20

n=27
n=21
n=48

1,118±248
1,119±256
1,119±250

0.86

1,023±281
1,069±213
1,048±240

1,149±234
1,146±278
1,148±251

0.21
0.42
0.14

M
F
(M+F)

7 ,949±1,301
7,517±1,578
7,746±1,444

0.24

7 ,745±1,330
7,228±1,408
7,460±1,363

8,018±1,310
7,668±1,673
7,864±1,473

0.74
0.51
0.47

Protein
(g)

M
F
(M+F)

56±12
59±17
57±15

0.47

58±14
56±7
57±10

55±12
60±21
57±16

0.44
0.61
0.97

Total Fat
(g)

M
F
(M+F)

76±19
72±22
74±20

0.45

73±17
72±19
73±17

77±20
72±23
75±21

0.72
0.98
0.86

Cholesterol
(mg)

M
F
(M+F)

190±90
217±106
203±98

0.22

165±59
197±68
182±65

198±98
228±121
211±109

0.37
0.47
0.26

Carbohydrate
(g)

M
F
(M+F)

263±43
242±49
253±47

0.08

254±42
227±45
239±45

267±44
250±49
259±46

0.64
0.22
0.19

Nutrient

Sex

Total

(M)
(F)
(M+F)

n=36
n=32
n=68

Water
(ml)

M
F
(M+F)

Energy
(kJ)

(continued)

Significance of the
difference between
LCAandHCA
(p values)

Table 35

(continued)

LCA

HCA

n=14
n=15
n=29

n=23
n=14
n=37

Significance of the
difference between
LCAandHCA
(p values)

130±25
119±30
124±28

136±43
132±38
134±40

0.85
0.36
0.41

124±26
107±21
114±24

126±27
115±27
121±27

0.85
0.42
0.49

0.68

18±8
17±5
18±6

18±10
20±11
19±10

0.91
0.32
0.50

16±10
16±9
16±9

0.98

17±15
15±8
16±12

16±7
17±10
17±9

0.56
0.54
0.96

M
F
(M+F)

17±9
19±11
18±10

0.43

19±8
15±5
17±6

16±10
21±13
18±11

0.49
0.18
0.51

M
F
(M+F)

3.7±1.6
2.7±0.9
3.2±1.4

3.3±1.2
2.9±0.7
3.1±1.0

3.8±1.8
2.6±1.0
3.3±1.6

0.67
0.46
0.97

Sex
(Males=M)
(Females=F)
(M+F)

Total
n=37
n=29
n=66

Significance of the
difference between
males and females
(p values)

Total sugars
(g)

M
F
(M+F)

135±39
127±35
131±37

0.46

Starch
(g)

M
F
(M+F)

125±26
112±25
119±26

Glucose
(g)

M
F
(M+F)

18±9
19±9
19±9

Lactose
(g)

M
F
(M+F)

Fructose
(g)
Maltose
(g)

Nutrient

(continued)

0.05

0.004

*

*

Table 35

(continued)

LCA

HCA

n=14
n=15
n=29

n=23
n=14
n=37

Significance of the
difference between
LCAandHCA
(p values)

0.18

72±18
69±26
71±22

82±31
71±24
77±28

0.49
0.88
0.52

2,277±548
2,142±568
2,214±558

0.22

2,441±717
2,209±580
2,314±638

2,223±484
2,106±573
2,172±522

0.14
0.61
0.19

M
F
(M+F)

235±51
231±57
233±53

0.73

235±68
228±27
231±48

235±45
233±68
234±56

0.82
0.85
0.98

Phosphorus
(mg)

M
F
(M+F)

1,032±242
1,069±339
1,049±290

0.62

1,059±321
1,026±136
1,041±231

1,023±217
1,091±408
1,053±313

0.64
0.65
0.94

Chloride
(mg)

M
F
(M+F)

. 3,231±795
3,134±839
3,186±811

0.50

3,454±1040
3,291±772
3,364±881

3,157±703
3,051±879
3,111±778

0.21
0.45
0.17

Potassium
(mg)

M
F
(M+F)

2,449±568
2,524±724
2,484±642

0.60

2,394±706
2,389±558
2,391±611

2,467±528
2,594±802
2,523±657

0.75
0.50
0.47

Nutrient

Sex
(Males=M)
(Females=F)
(M+F)

Total
n=37
n=29
n=66

Significance of the
difference between
males and females
(p values)

Sucrose
(g)

M
F
(M+F)

79±28
70±24
75±27

Sodium
(mg)

M
F
(M+F)

Magnesium
(mg)

(continued)
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(continued)

Nutrient

Sex
(Males=M)
(Females=F)
(M+F)

Total
n=37
n=29
n=66

Significance of the
difference between
males and females
(p values)

Calcium
(mg)

M
F
(M+F)

670±243
713±227
691±235

0.49

Manganese
(mg)

M
F
(M+F)

3.4±1.1
3.4±1.7
3.4±1.4

Iron
(mg)

M
F
(M+F)

Copper
(mg)

LCA
n=14
n=15
n=29

HCA
n=23
n=14
n=37

Significance of the
difference between
LCAandHCA
(p values)

701±340
700±156
701±248

66o±208
72o±260
686±232

0.60
0.85
0.82

0.89

3.4±1.5
3.3±0.7

3.3±1.0
3.5±2.1

0.92
0.77

9.7±1.7
9.9±3.5
9.8±2.7

0.76

9.5±1.6
9.2±2.0
9.3±1.8

9.8±1.8
10±4.1
10±3.0

0.83
0.44
0.42

M
F
(M+F)

1.3±0.4
1.3±0.7
1.3±0.5

0.73

1.2±0.3
1.2±0.3
1.2±0.3

1.3.±0.4
1.4±0.8
1.3±0.6

0.59
0.59
0.47

Zinc
(mg)

M
F
(M+F)

8.8±2.6
9.0±3.4
8.9±2.9

0.89

10±3.5
8.5±1.8
9.2±2.7

8.5±2.1
9.3±4.0
8.8±3.1

0.07
0.58
0.54

Selenium
(jlg)

M
F
(M+F)

26±14
24±10
25±12

0.50

28±19
23±11
25±15

25±13
25±9.3
25±11

0.52
0.60
0.86

(continued)
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(continued)

Nutrient

Sex
(Males=M)
(Females=F)
(M+F)

Total
n=37
n=29
n=66

Significance of the
difference between
males and females
(p values)

LCA
n=14
n=15
n=29

HCA
n=23
n=14
n=37

Significance of the
difference between
LCAandHCA
(p values)

Vitamin A
(mg)

M
F
(M+F)

1.3±1.1
1.5±0.8
1.4±0.9

0.49

1.2±0.5
1.5±0.6
1.4±0.5

1.3±1.2
1.4±0.9
1.4±1.1

0.96
0.96
0.94

Thiamine
(mg)

M
F
(M+F)

1.1±0.3
1.1±0.4
1.1±0.3

0.90

1.2±0.4
1.1±0.2
1.1±0.3

1.1±0.3
1.2±0.4
1.4±0.4

0.55
0.45
0.82

Riboflavin
(mg)

M
F
(M+F)

1.5±0.5
1.6±1.1
1.5±0.9

0.50

1.5±0.7
1.4±0.3
1.4±0.5

1.5±0.5
1.7±1.4
1.6±1.0

0.76
0.53
0.65

Niacin
(mg)

M
F
(M+F)

12±3
12±4
12±4

0.87

12±3
12±2
12±2

12±3
12±5
12±4

0.91
0.92
0.99

VitarninB6
(mg)

M
F
(M+F)

1.3±0.4
1.4±0.7
1.3±0.6

0.52

1.4±0.6
1.1±0.2
1.2±0.4

1.2±0.3
1.5±0.8
1.3±).6

0.37
0.26
0.56

Vitamin C
(mg)

M
F
(M+F)

171±84
175±72
173±78

0.83

170±73
181±74
176±72

171±88
172±74
171±81

0.99
0.76
0.84
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(continued)
Sex
(Males=M)
(Females=F)
(M+F)

Total
n=37
n=29
n=66

Significance of the
difference between
males and females
(p values)

VitaminD
(J.Lg)

M
F
(M+F)

1.7±1.5
1.7±1.0
1.7±1.3

0.90

VitaminE
(mg)

M
F
(M+F)

5.8±1.6
6.3±2.3
6.0±2.0

0.33

Nutrient

LCA

HCA

n=14
n=15
n=29

n=23
n=l4
n=37

Significance of the
difference between
LCAandHCA
(p values)

2.2±1.5
2.1±1.1
2.2±1.3

1.5±1.5
1.5±0.9
1.5±1.2

0.32
0.09
0.07

6.7±1.8
6.5±2.6
6.6±2.2

5.4±1.4
6.2±2.2
5.8±1.8

0.06
0.73
0.17

Table 36

Mean intakes of cholesterol, magnesium, manganese in F and NF areas
by children aged 3-4 and 7-8 years.

Nutrient

Cholesterol (mg)
3-4 years
7-8 years
Magnesium (mg)
3-4 years
7-8 years
Manganese (mg)
3-4 years
7-8 years

Intake (Mean ± SD)
NF areas (n)
F areas (n)

186 ±76 (35)
216 ± 111 (33)

137 ± 46 (32)

195 ± 49 (35)

221 ± 68 (32)

242 ±58 (33)

225 ± 48 (35)

2.7 ± 1.1 (35)

3.2 ±1.3 (32)

3.3 ± 1.6 (33)

3.4 ± 1.3 (35)

190 ± 84 (35)

Significance of
the difference

0.002
0.36

*

0.05
0.21

*

0.05
0.84

*

* The intake of nutrients was significantly different in F and NF areas.

The mean
intakes of no other nutrients showed any significant differences between F and NF
areas.
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intakes of carbohydrate (0.22), fructose (0.18), and lower mean intake of Vitamin D
(p=0.09) than low-caries active children.

25

RESULTS FROM THE FOOD FREQUENCY QUESTIONNAIRE
The frequencies of eating breakfast cereals, bakery products, confectionary
items, dairy products, fruits, and beverages by children with low- and high-caries activity
are shown in Tables 37 to 43. These food items were selected as previous studies have
found these foods and drinks to have a caries promoting effect (Edmondson, 1990). The
Fisher's exact test was used on these contingency tables to determine whether there was
any association between the frequency of eating these food items and caries activity.
Table 44 summarises the findings of the bivariate examinations. No significant
association was found between the frequency of consumption of any of the foods and
caries activity. In the younger age group the frequent consumption of plain biscuits,
Ribena, oranges and/or grapefruit, bread rolls, apples and/or pears, toffees, boiled
sweets, cordials, banana, orange juice, and drinking chocolate in that order, appeared to
have the strongest (Fisher's exact test, p values between 0.1 to< 0.6) association with
caries activity. In the older age group the frequent consumption of milk with
Horlicks/Milo, sultanas/raisins, boiled sweets, orange juice, chocolate biscuits,
apples/pears, cordial with powder, bread/toast, banana, Coca Cola, muesli bars,
custard/puddings, oranges, and icecream, in that order, appeared to have the strongest (p
values between 0.1 and< 0.6) association with caries activity.
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Table 37

Associations (Fisher's exact test, p values) between the frequency of
having some breakfast foods and caries activity.

Children aged 3-4 years

Children aged 7-8 years
Breakfast cereal

Breakfast cereal LCA RCA
Never to :::;; 1/wk
:2: 2/week to :::;; 3/wk
:2: 4/week to :::;; 5/wk
:2: 6/week to :::;; 1/day
> 1/day
TOTAL(n)

3
6
4
13
0
(26)

6
6
4
16
2
(34)

!

Fisher's exact test (p=0.80)

Bread I Toast

1
1
2
9
21
(34)

RCA

Never to:::;; 1/wk
0
;;::: 2/week to :::;; 3/wk
0
;;::: 4/week to :::;; 5/wk
0
;;::: 6/week to :::;; 1/day
5
14
> 1/day
TOTAL(n)
(19)

1
3
5
13
23
(45)

LCA

RCA

Never to :::;; 1/wk
15
;;::: 2/week to :::;; 3/wk
3
;;::: 4/week to :::;; 5/wk
0
;;::: 6/week to :::;; 1/day
0
1
> 1/day
TOTAL(n)
(19)

30
10
2
2
1
(45)

Fisher's exact test (p=0.79)

!

Bun I doughnut LCA

Bun I doughnut LCA RCA
24
Never to :::;; 1/wk
;;::: 2/week to :::;; 3/wk
1
;;::: 4/week to :::;; 5/wk
1
;;::: 6/week to :::;; 1/day
0
0
> 1/day
(26)
TOTAL(n)

LCA

Bread roll

28
5
0
0
1
(34)

Fisher's exact test (p=0.29)

5
10
7
23
0
(45)

Fisher's exact test (p=0.37)

LCA RCA

Never to :::;; 1/wk
25
;;::: 2/week to ,:::;; 3/wk
1
;;::: 4/week to :::;; 5/wk
0
;;::: 6/week to :::;; 1/day
0
> 1/day
0
TOTAL(n)
(26)

Never to :::;; 1/wk
3
;;::: 2/week to :::;; 3/wk
3
;;::: 4/week to :::;; 5/wk
3
;;::: 6/week to:::;; 1/day 10
> 1/day
0
TOTAL(n)
(19)

Bread I Toast

Fisher's exact test (p=0.91)

Bread roll

RCA

Fisher's exact test (p=0.93)

LCA RCA

1
Never to:::;; 1/wk
;;::: 2/week to :::;; 3/wk
2
1
;;::: 4/week to :::;; 5/wk
;;::: 6/week to :::;; 1/day
5
17
> 1/day
(26)
TOTAL(n)

LCA

32
2
0
0
0
(34)

Never to:::;; 1/wk
19
;;::: 2/week to :::;; 3/wk
0
;;::: 4/week to :::;; 5/wk
0
;;::: 6/week to :::;; 1/day
0
> 1/day
0
TOTAL(n)
(19)

Fisher's exact test (p=0.76)

RCA
44

1
0
0
0
(45)

Fisher's exact test (p=l.OO)
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Table 38

Associations (Fisher's exact test, p values) between the frequency of
having some snack foods and caries activity.
Children aged 7-8 years

Children aged 3-4 years
LCA HCA

Plain biscuits

Never to ::; 1/wk
3
2/week to ::; 3/wk
6
4/week to::; 5/wk
3
6/week to ::; 1/day 10
4
> 1/day
(26)
TOTAL(n)

~
~
~

Plain biscuits

7
2
5
9
11
(34)

LCA

HCA

Never to ::; 1/wk
3
2/week to ::; 3/wk
2
4/week to ::; 5/wk
4
6/week to ::; 1/day 4
> 1/day
6
TOTAL (n)
(19)

7
9
6
11
12
(45)

~
~
~
I
I

Fisher's exact test (p=0.85)

Fisher's exact test (p=0.18)
.

-----------

!Chocolate biscuit LCA HCA
Never to::; 1/wk
17
2/week to ::; 3/wk
5
4/week to::; 5/wk
3
1
6/week to ::; 1/day
0
> 1/day
(26)
TOTAL(n)

~
~
~

18
9
3
3
1
(34)

---------------····---

HCA

Never to ::; 1/wk
9
2/week to ::; 3/wk
3
4/week to ::; 5/wk
2
6/week to ::; 1/day 0
5
> 1/day
TOTAL(n)
(19)

21

~
~
~
c

Never to::; 1/wk
23
2
2/week to ::; 3/wk
4/week to ::; 5/wk
1
6/week to ::; 1/day
0
0
> 1/day
(26)
TOTAL(n)

Toffees

'

Boiled sweets

---

24
6
3
1
0
(34)

HCA

Never to ::; 1/wk
16
2/week to ::; 3/wk
2
4/week to ::; 5/wk
0
6/week to ::; 1/day
1
0
> 1/day
TOTAL(n)
(19)

40
3
1
1
1
(46)

~
~
~

Fisher's exact test (p=0.75)

--------~----------

LCA HCA

Never to ::; 1/wk
24
1
2/week to::; 3/wk
4/week to::; 5/wk
1
6/week to ::; 1/day
0
0
> 1/day
(26)
TOTAL(n)
~
~
~

LCA

HCA

Never to ::; 1/wk
18
2/week to ::; 3/wk
0
4/week to ::; 5/wk
0
6/week to ::; 1/day
0
1
> 1/day
TOTAL(n)
(19)

41
4
1
0
0
(46)

Boiled sweets

30
3
0
0
0
(33)

~
~
~

Fisher's exact test (p=0.45)
-

5
5
4
(45)

LCA

Fisher's exact test (p=0.43)
-

10

Fisher's exact test (p=0.30)

LCA HCA

~
~
~

c-

Chocolate biscuit LCA

Fisher's exact test (p=0.80)

Toffees

-----

Fisher's exact test (p=0.25)

-----------------

182

Table 39

Associations (Fisher's exact test, p values) between the frequency of
having some foods and caries activity.

Children aged 7-8 years

Children aged 3-4 years
Honey/jam/marmal LCA

HCA

Honey I jam/marmal. LCA

HCA

7
Never to ~ 1/wk
:::: 2/week to ~ 3/wk
7
;::: 4/week to ~ 5/wk
3
;::: 6/week to ~ 1/day
7
2
> 1/day
(26)
TOTAL(n)

11
6
3
10
3
(33)

Never to ~ 1/wk
10
;::: 2/week to ~ 3/wk
2
;::: 4/week to ~ 5/wk
1
;::: 6/week to ~ 1/day
4
2
> 1/day
TOTAL(n)
(19)

21
11
3
9
2
(46)

I
Fisher's exact test (p=0.70)

Fisher's exact test (p=0.94)
-

---------------

--------------

-----

···----

Sultanas/raisins etc LCA

HCA

Sultanas/raisins etc LCA

HCA

12
Never to ~ 1/wk
;::: 2/week to ~ 3/wk
7
;::: 4/week to ~ 5/wk
4
;::: 6/week to ~ 1/day
3
0
> 1/day
(26)
TOTAL(n)

19
9
2
4
0
(34)

Never to ~ 1/wk
11
:::: 2/week to ~ 3/wk
6
;::: 4/week to ~ 5/wk
1
;::: 6/week to ~ 1/day
1
> 1/day
0
TOTAL(n)
(19)

37
7
1
1
0
(46)

Fisher's exact test (p=0.69)

Icecream

Fisher's exact test (p=0.24)

LCA HCA

Never to ~ 1/wk
7
;::: 2/week to ~ 3/wk 12
;::: 4/week to ~ 5/wk
5
;::: 6/week to ~ 1/day
2
0
> 1/day
(26)
TOTAL(n)

11
15
6
2
0
(34)

Icecream

LCA

Never to ~ 1/wk
5
;::: 2/week to ~ 3/wk
7
:::: 4/week to ~ 5/wk
1
:::: 6/week to ~ 1/day
5
1
> 1/day
TOTAL(n)
(19)

I

HCA
12
16
9
6
3
(46)

I

Fisher's exact test (p=0.98)

Custard/pudding LCA HCA

Fisher's exact test (p=0.54)

1

Custard/pudding LCA

HCA

Never to~ 1/wk
19
;::: 2/week to ~ 3/wk
0
:::: 4/week to~ 5/wk
0
;::: 6/week to ~ 1/day
0
0
> 1/day
(19)
TOTAL(n)

41
4
1
0
0
(46)

I

21
Never to ~ 1/wk
;::: 2/week to ~ 3/wk
5
:::: 4/week to ~ 5/wk
0
:::: 6/week to ~ 1/day
0
0
> 1/day
(26)
TOTAL(n)

29
4
1
0
0
(34)

Fisher's exact test (p=0.71)

Fisher's exact test (p=0.51)
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Table40

Associations (Fisher's exact test, p values) between the frequency of
having some foods and caries activity.

Children aged 7-8 years

Children aged 3-4 years

Milk bars

LCA HCA

Milk bars

33
1
0
0
0
(34)

26
Never to::;; 1/wk
2/week to::;; 3/wk
0
4/week to ::;; 5/wk
0
6/week to ::;; 1/day
0
0
> 1/day
(26)
TOTAL(n)

~
~
~

LCA

HCA

Never to::;; 1/wk
18
2/week to ::;; 3/wk
0
4/week to ::;; 5/wk
1
6/week to ::;; 1/day
0
0
> 1/day
TOTAL(n)
(19)

41
2
2
1
0
(46)

~
~
~

Fisher's exact test (p=l.OO)

Fisher's exact test (p=l.OO)

Chocolate bars

Chocolate bars

LCA HCA
31
0
0
1
1
(33)

26
Never to::;; 1/wk
0
2/week to ::;; 3/wk
4/week to ::;; 5/wk
0
0
6/week to ::;; 1/day
0
> 1/day
(26)
TOTAL(n)
~
~
~

LCA

HCA

Never to ::;; 1/wk
17
2/week to ::;; 3/wk
1
4/week to ::;; 5/wk
1
6/week to ::;; 1/day
0
0
> 1/day
(19)
TOTAL(n)

42
3
1
0
0
(46)

~
~
~

Fisher's exact test (p=0.79)

Fisher's exact test (p=1.00)
--

Muesli bars

Muesli bars

LCA

HCA

Never to ::;; 1/wk
8
2/week to ::;; 3/wk
6
4/week to::;; 5/wk
3
6/week to ::;; 1/day
2
0
> 1/day
TOTAL(n)
(19)

25
11
2
7
1
(46)

LCA HCA I

Never to ::;; 1/wk
13
~ 2/week to::;; 3/wk
6
~ 4/week to ::;; 5/wk
3
4
~ 6/week to ::;; 1/day
0
> 1/day
(26)
TOTAL(n)

18
9
1
5
0
(33)

~
~
~

Fisher's exact test (p=0.68)
--···-

-

I

---~-----

Fisher's exact test (p=0.48)
-

--

Drinking chocolate LCA

HCA

Never to ::;; 1/wk
26
2/week to ::;; 3/wk
0
0
4/week to ::;; 5/wk
6/week to ::;; 1/day
0
0
> 1/day
(26)
TOTAL(n)

30
2
1
1
0
(34)

~
~
~

-------------------------~---------------------

LCA

HCA

Never to ::;; 1/wk
16
2/week to ::;; 3/wk
2
4/week to ::;; 5/wk
1
6/week to ::;; 1/day
0
0
> 1/day
(19)
TOTAL(n)

41
2
2
1
0
(46)

Drinking chocolate
~
~
~

I

Fisher's exact test (p=0.59)

Fisher's exact test (p=0.76)

-

'
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Associations (Fisher's exact test, p values) between the frequency of
having some fruits and caries activity.

Table41

Children aged 3-4 years
Orange/Grapefruit

Children aged 7-8 years

LCA RCA
18
10
2
4
0
(34)

20
Never to ::;; 1/wk
;: : : 2/week to ::;; 3/wk
4
;: : : 4/week to ::;; 5/wk
0
;: : : 6/week to ::;; 1/day
2
> 1/day
0
(26)
TOTAL(n)

LCA

RCA

Never to ::;; 1/wk
11
;: : : 2/week to ::;; 3/wk
5
;: : : 4/week to ::;; 5/wk
2
;: : : 6/week to ::;; 1/day
1
> 1/day
0
TOTAL(n)
(19)

26
8
2
8
1
(45)

Orange/Grapefruit

Fisher's exact test (p=0.27)

Apple I Pear

Fisher's exact test (p=0.53)

Apple I Pear

LCA RCA

LCA

RCA'
I

Never to ::;; 1/wk
3
;: : : 2/week to ::;; 3/wk
5
;: : : 4/week to ::;; 5/wk
5
;: : : 6/week to ::;; 1/day 12
1
> 1/day
(26)
TOTAL(n)

2
4
3
18
6
(33)

5
3
9
24
4
(45)

Fisher's exact test (p=0.32)

Fisher's exact test (p=0.33)

Banana

Banana

LCA RCA

Never to ::;; 1/wk
8
;: : : 2/week to ::;; 3/wk 12
;: : : 4/week to ::;; 5/wk
3
;: : : 6/week to ::;; 1/day
2
1
> 1/day
(26)
TOTAL(n)

.

Never to ::;; 1/wk
3
;: : : 2/week to ::;; 3/wk
1
;: : : 4/week to ::;; 5/wk
4
;: : : 6/week to ::;; 1/day
6
> 1/day
5
TOTAL(n)
(19)

12
13
2
6
0
(33)

LCA

RCA

Never to s 1/wk
6
;: : : 2/week to ::;; 3/wk
8
;: : : 4/week to ::;; 5/wk
1
;: : : 6/week to s 1/day
4
> 1/day
0
TOTAL(n)
(19)

21
11
6
7
0
(45)

Fisher's exact test (p=0.41)

Fisher's exact test (p=0.53)
~-

Canned fruit

-

--

-

I

-

Canned fruit

LCA RCA

Never to s 1/wk
20
;: : : 2/week to ::;; 3/wk
5
;: : : 4/week to ::;; 5/wk
0
;: : : 6/week to ::;; 1/day
1
> 1/day
0
TOTAL(n)
(26)

i
I

LCA

Never to ::;; 1/wk
15
;: : : 2/week to ::;; 3/wk
3
;: : : 4/week to ::;; 5/wk
1
;: : : 6/week to ::;; 1/day
0
> 1/day
0
TOTAL(n)
(19)

25
8 I
1
0
0
(34)

Fisher's exact test (p=0.67)

RCAj
38
5
2
1
0
(46)

Fisher's exact test (p=0.90)
-
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Associations (Fisher's exact test, p values) between the frequency of
having some drinks and caries activity.

Table42

Children aged 3-4 years
Flavoured milk
Never to

~

1/wk

2:: 2/week to ~ 3/wk
2:: 4/week to ~ 5/wk
2:: 6/week to ~ 1/day

> 1/day
TOTAL(n)

Children aged 7-8 years

LCA HCA

Flavoured milk

22
4
0
0
0
(26)

Never to ~ 1/wk
18
2:: 2/week to ~ 3/wk
1
2:: 4/week to ~ 5/wk
0
2:: 6/week to~ 1/day
0
> 1/day
0
TOTAL(n)
(19)

29
3
0 I
1
1
(34)

LCA

HCA.
38
2
2
4
0
(46)

!

Fisher's exact test (p=0.63)

Fisher's exact test (p=0.90)
L....·----~

IHorlicks/Milo/Quik LCA

Never to

~

1/wk

2:: 2/week to ~ 3/wk
2:: 4/week to~ 5/wk
2:: 6/week to ~ 1/day

> 1/day
TOTAL(n)

12
5
1
5
3
(26)

HCA
19
7
3 I
4
1
(34) I

Horlicks/Milo/Quik LCA

HCA

Never to ~ 1/wk

21
3
4
13
5
(46)

2:: 2/week to ~ 3/wk
2:: 4/week to ~ 5/wk
2:: 6/week to~ 1/day

> 1/day
TOTAL(n)

Fisher's exact test (p=0.61)

Fisher's exact test (p=0.14)

!Cordial (powder) LCA HCA
Never to

~

1/wk

2:: 2/week to~ 3/wk
2:: 4/week to ~ 5/wk
2:: 6/week to ~ 1/day

> 1/day
TOTAL(n)

12
1
0
1
12
(26)

14
4
1
4

Cordial (powder) LCA

HCA

Never to ~ 1/wk

28
1
2
6
9
(46)

2:: 2/week to ~ 3/wk
2:: 4/week to ~ 5/wk
2:: 6/week to~ 1/day

> 1/day
TOTAL(n)

11

(34)

Fisher's exact test (p=0.48)

Cordial (syrup)
Never to

~

1/wk

2:: 2/week to~ 3/wk
2:: 4/week to~ 5/wk
2:: 6/week to ~ 1/day

> 1/day
TOTAL(n)

LCA HCA
22
1
0
1
2
(26)

8
0
0
6
5
(19)

Fisher's exact test (p=0.33)
--

'--

9
3
4
1
2
(19)

---

1

28
1
0
1
4
(34)

--

····--

Cordial (syrup)

LCA

HCA

~

16
1
0
0
2
(19)

35
3
1
2
5
(46)

Never to

1/wk

2:: 2/week to~ 3/wk
2:: 4/week to ~ 5/wk
2:: 6/week to~ 1/day

> 1/day
TOTAL(n)

Fisher's exact test (p=0.92)

Fisher's exact test (p=l.OO)

----------

----------
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Associations (Fisher's exact test, p values) between the frequency of
having some drinks and caries activity.

Table43

Children aged 7-8 years

Children aged 3-4 years
Orange juice

Orange juice

LCA

RCA

Never to ::;; 1/wk
8
2/week to ::;; 3/wk
1
4/week to ::;; 5/wk
0
6/week to ::;; 1/day
6
4
> 1/day
TOTAL(n)
(19)

24
4
0
5
13
(46)

LCA RCA I

Never to ::;; 1/wk
17
2/week to ::;; 3/wk
2
4/week to ::;; 5/wk
1
6/week to ::;; 1/day
3
3
> 1/day
(26)
TOTAL(n)
~
~
~

16
1
3
7
7
(34)

~
~
~

Fisher's exact test (p=0.25)

Fisher's exact test (p=0.53)
--

------

----------~-

Ribena

Rib en a

LCA RCA

24
Never to ::;; 1/wk
2/week to ::;; 3/wk
0
4/week to ::;; 5/wk
0
6/week to ::;; 1/day
2
0
> 1/day
(26)
TOTAL(n)

~
~
~

33
0
0
0
1
(34)

LCA

RCA

Never to ::;; 1/wk
18
~ 2/week to ::;; 3/wk
1
~ 4/week to ::;; 5/wk
0
~ 6/week to ::;; 1/day
0
0
> 1/day
(19)
TOTAL(n)

44
0
0
1
1
(46)

I
I

Fisher's exact test (p=0.65)

Fisher's exact test (p=0.18)

:
-

Coca Cola/fizzies LCA RCA
23
Never to ::;; 1/wk
2/week to ::;; 3/wk
3
4/week to ::;; 5/wk
0
6/week to ::;; 1/day
0
0
> 1/day
(26)
TOTAL(n)

~
~
~

26
5
2
1
0
(34)

-

-----

-----

- -

Coca Cola/fizzies LCA

RCA

16
Never to ::;; 1/wk
2/week to ::;; 3/wk
2
4/week to ::;; 5/wk
0
6/week to ::;; 1/day
0
1
> 1/day
(19)
TOTAL(n)

34
10
1
1
0
(46)

~
~
~

Fisher's exact test (p=0.45)

Fisher's exact test (p=0.67)
I

Chewing gum

Chewing gum

LCA RCA

22
Never to ::;; 1/wk
3
2/week to ::;; 3/wk
1
4/week to ::;; 5/wk
6/week to ::;; 1/day
0
0
> 1/day
(26)
TOTAL(n)
~
~
~

27
4
2
0
0
(33

RCA

Never to ::;; 1/wk
18
2/week to ::;; 3/wk
1
4/week to ::;; 5/wk
0
6/week to ::;; 1/day
0
> 1/day
0
TOTAL(n)
(19)

38
5
1
1
1
(46)

~
~
~

Fisher's exact test (p=l.OO)
-

LCA

Fisher's exact test (p=0.88)

-------···-·
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Table 44

The p values obtained by Fisher's exact test used to test the significance of
the association between each of the listed food items and low- and highcaries activity. The food items are listed in descending order of the strength
of the association found in the two age groups of children. No values
approached significance.

Fisher's exact test (p values)
Children aged 3-4 years
Children aged 7-8 years
Plain biscuits
Ribena
Oranges
Bread rolls
Apples/ Pears
Toffees
Boiled sweets
Cordial (with powder)
Banana
Orange juice
Drinking chocolate
Horlicks I Milo I Quik
Canned fruit
Coca Cola
Muesli bars
Sultanas I Raisins I Currants
Custard I Puddings
Sweet buns I doughnuts
Breakfast cereal
Chocolate biscuits
Flavoured milk
Bread I Toast
Cordial (with syrup)
Honey/jam/marmalade
Icecream
Chewing gum
Milk bars
Chocolate bars

Horlicks I Milo I Quik

0.18
0.18
0.27
0.29
0.32
0.43
0.45
0.48
0.53
0.53
0.59
0.61
0.67
0.67
0.68
0.69
0.71
0.76
0.80
0.80
0.90
0.91
0.92
0.94
0.98
1.00
1.00
1.00

Sultanas I Raisins I Currants
Boiled sweets
Orange juice
Chocolate biscuits
Apples/ Pears
Cordial (with powder)
Bread I Toast
Banana
Coca Cola
Muesli bars
Custard I Puddings
Oranges
Icecream
Flavoured milk
Ribena
Honey I jam I marmalade
Toffees
Drinking chocolate
Bread rolls
Chocolate bars
Plain biscuits
Chewing gum
Canned fruit
Breakfast cereal
Sweet buns I doughnuts
Cordial (with syrup)
Mijk:bars
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0.14
0.24
0.25
0.25
0.30
0.33
0.33
0.37
0.41
0.45
0.48
0.51
0.53
0.54
0.63
0.65
0.70
0.75
0.76
0.79
0.79
0.85
0.88
0.90
0.93
1.00
1.00
1.00
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RESULTS FROM THE GENERAL QUESTIONNAIRE
A total of 131 questionnaires were available for analysis. Fisher's exact test and
chi-squared test ·with correction for continuity (where applicable) were used on
contingency tables as shown in Tables 45 to 49 to determine if there were any
associations between any of the independent variables and caries activity. The
associations were also tested by combining groups where possible.
26.1

Frequency of toothbrushing
The majority (93%) of children (n=131) were reported to brush their
teeth at least once a day; nine (7%) of the children brushed their teeth only a "few times a
week". Significantly (x2=4.06; df=1; 0.02<p<0.05) more children in the older (43/66)
than in the younger (31/65) age group brushed their teeth twice a day (Table 45 A).
Fisher's exact test showed that toothbrushing frequency was not significantly associated
with caries activity in either the younger (p=0.81) or the older (p=0.99) age group.
2 6. 2

Parental assistance with brushing
Significantly (x.2=20.2; df=1; p<O.OOl) more children in the younger
(47/65) than in the older (21/64) age group received some form of parental assistance
with toothbrushing. The majority of children in both age groups were only occasionally
assisted by the parent (Table 45 B). The association between parental assistance with
toothbrushing and caries activity approached significance in children aged 7-8 years
(Fisher's exact test, p=0.06) but not in children aged 3-4 years (chi-squared test,
p=0.28).
2 6. 3

Parental supervision of brushing
Fisher's exact test showed that parental supervision of toothbrushing
was not significantly associated with caries activity in either the younger (p=0.44) or in
the older (p=0.56) age group of children (Table 45 C).
2 6. 4

History of the use of fluoride tablets
There were 17 children who had had some exposure to fluoride tablets.
Some children had been given fluoride tablets soon after birth, some a few weeks,
months, or years after birth. The tablets were either administered every day, every
alternate day, once a week, or infrequently. Some children had continued taking fluoride
tablets from the time they had started, some had only recently discontinued taking them,
while others had taken them only for a very short period. The frequency distribution of
the use of fluoride tablets is shown in Table 45 D.
No significant association was found between the duration and
frequency of the use of fluoride tablets and caries activity in children aged 3-4 years
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Table45

Association between frequency of toothbrushing, assistance with
brushing, supervision of brushing, use of fluoride tablets and caries
activity.

Children aged 3-4 years
Children aged 7-8 years
A: FREQUENCY OF TOOTHBRUSHING
LCA HCA

LCA

HCA

1
17
15
3
(36)

More than twice/day
0
Twice a day
14
Once a day
4
Few times a week
1
TOTAL(n)
(20)

2
29
10
4
(46)

2
More than twice/day
14
Twice a day
12
Once a day
Few times a week
1
(29)
TOTAL(n)

Fisher's exact test (p=0.99)

Fisher's exact test (p=0.81)
---

B:

-----~-------

------------------------------

···-

PARENTAL ASSISTANCE WITH BRUSHING
LCA

HCA

Always assisted
0
Usually assisted
2
Occasionally assistec 8
Never assisted
9
TOTAL(n)
(19)

0
1
10
34
(45)

LCA HCA
Always assisted
1
Usually assisted
8
Occasionally assistee 10
Never assisted
10
(29)
TOTAL(n)

0
8
20
8
(36)

?<.2=3.85; df=3; p=0.28

C:

II

Fisher's exact test (p=0.06)

SUPERVISON OF BRUSHING

LCA HCA I
Supervised daily

> 1/wk but < 7/wk
:::; 1/wk
Never supervised
TOTAL(n)

4
9
7
8
(29)

7
17
5
7
(36)

x 2=2.72; df=3; p=0.44
D:

····-----------------

Supervised daily
> 1/wk but < 7/wk
:::; 1/wk
Never supervised
TOTAL(n)

LCA

HCA

1
8
6
4
(20)

7
13
17
8
(46)

x.2=2.06; df=3; p=0.56

USE OF FLUORIDE TABLETS (IN NF AREAS)
LCA HCA

2::6mo. to date/reg.
2
2::6mo. to date/irreg.
0
2::6mo. to yr ago/reg. 0
2::6mo. to few mo.
0
Last one year I reg.
1
Last one year I irreg. 3
Never used F tabs
8
(14)
TOTAL(n)

0
1
0
0
0
3
16
(20)

Fisher's exact test (p=0.15)

2::6mo. to date/reg.
2::6mo. to date/irreg.
2::6mo. to yr ago/reg
2::6mo. to few rno.
Last one year I reg.
Last one year I irreg.
Never used F tabs
TOTAL(n)

LCA

HCA

1
3
0
1
1
0
2
(8)

0
0
0
1
0
0
25
(26)

Fisher's exact test (p<0.001)
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(p=0.15). However, significantly (p<0.001) more number of children aged 7-8 years in
the low-caries active groups had had some exposure to fluoride tablets.

26.5

Parent's opinion of the role of diet
A total of 87 (67.4 %) parents (mother or father) said that diet had 'a lot

of influence' on dental caries; 33 (25.6 %) said that diet had only 'a little influence'; the
mother of one (0.8) child said that diet had 'no influence' ; and 8 (6.2 %) parents said
they did not know the role of diet on dental caries (Table 46 A). Fisher's exact test
showed that there was no association between the parents' opinions on the role of diet on
caries and caries activity in either the younger (p=O. 77) or the older (p=0.46) age group
of children.

26.6

Bedtime snacks
A wide variety of foods and drinks were taken as bedtime snacks by 91

(70%) children. Liquids consumed at bedtime included cordials, orange juice, flavoured
milk with sugar, lemon and barley with sugar, water, and tea. Solid bedtime snacks
included biscuits (plain, chocolate, and cracker), apples, spaghetti, plain bread, bread
with jam, honey, and peanut butter, chips, crisps, cheese on toast, sandwich, lollies,
sweets, raisins, sultanas, crumpets, Weetbix, ice cream, chocolate bars, and cheese.
Based on available information (Edmondson, 1990) on cariogenicity of foods, all the
above food items except water, tea, and cheese were considered to be 'potentially
cariogenic' bedtime snack foods.
There was no significant association between foods eaten at bedtime
and caries activity in either the younger (p=0.12) or older age groups (p=0.50) (Table 46
B). However, in the younger age group, the association between foods eaten at bedtime
and caries activity approached significance (x.2=3.22; df=1; p=0.07) when the data was
collapsed by pooling children who did not eat at bedtime with children who did not have
any of the potentially cariogenic liquids or solids at bedtime in one group and comparing
them with children who ate potentially cariogenic foods at bedtime.

2 6. 7

Use of medications during the study
In both age groups the two main health problems for which medication

had been prescribed were ear infections and respiratory problems (asthma). One child.in
the older age group was diabetic and on long-term medication with insulin. Nine
children in the age group 3-4 years and seven children in the age group 7-8 years were on
sugar-based syrupy medications frequently or almost every day during the study period.
There was no significant association between the use of medications
during the study and caries activity in either the younger (Fisher's exact test, p=0.61) or
the older (Fisher's exact test, p=0.88) age group of children (Table 46 C).
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Table46

Association between mother's opinion of the role of diet, food had at
bedtime, use of medication during and prior to the study and caries
activity.

A: MOTHER'S OPINION OF THE ROLE OF DIET IN CARIES
Children aged 3-4 years
Children aged 7-8 years
LCA HCA
Lot of influence
Little influence
No influence
Don't know
TOTAL(n)

19
8
1
1
(29)

26
8
0
2
(36)

Fisher's exact test (p=0.77)

Lot of influence
Little influence
No influence
Don't know
TOTAL(n)

LCA

HCA

15
3
0
1
(19)

27
14
0
4
(45)

Fisher's exact test (p=0.46)

B: FOOD AT BEDTIME
LCA HCA
12
Nil
Non-caries inducing
9
Caries inducing
8
(29)
TOTAL(n)

9
8
19
(36)

LCA

HCA

Nil
7
Non-caries inducing
2
Caries inducing
11
(20)
TOTAL(n)

11
9
25
(45)

x 2=1.38; df=2; p=0.50

x2=4.26; df=2; p=0.12

C: USE OF MEDICATION/S DURING THE STUDY
LCA HCA
21
No medications
Inhalers only
1
Syrups-infrequently
3
Syrups-frequently
1
Syrups-every day
1
(27)
TOTAL(n)

24
0
4
4
3
(35)

Fisher's exact test (p=0.61)

LCA
No medications
16
Inhalers only
0
Syrups-infrequently
3
Syrups-frequently
0
Syrups-every day
1
TOTAL(n)
(20)

HCAI
30
0
7
1
5
(43)

Fisher's exact test (p=0.88)

D: USE OF MEDICATION/S PRIOR TO THE STUDY
LCA HCA

LCA

20
0
0
10
6
(36)

14
No medications
Inhalers only
0
Syrups-infrequent!y
0
Syrups-frequently
3
Syrups-every day
2
TOTAL(n)
(19)

No medications
23
Inhalers only
0
Syrups-infrequently
0
Syrups-frequently
2
Syrups-every day
2
TOTAL(n)
(27)

Fisher's exact test (p=0.05)

HCA
25
0
0
16
4
(45)

Fisher's exact test (p=0.29)
I
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2 6. 7

Use of medications prior to the study
Twenty children aged 3-4 years and 25 children aged 7-8 years had had
histories of frequent or every day use of sugar-based syrupy medications prior to the
study (Table 46 D). The association between past use of medications and caries activity
in the younger age group was significant at the 0.05 level (Fisher's exact test), but not in
the older age group (p=0.29, Fisher's exact test). The association between past use of
medications and caries activity in the younger age group was also significant (x2=4.96;
df=1; p=0.03) (Fisher's exact test) when the 'frequently' and 'almost every day' groups
were pooled.
2 6. 8

Marital status of parent
The majority of the parents of children (n=118; 90.8%) participating in
this study were married; parents of 4 (3.1 %) children were in a de facto relationship;
and 8 (6.1 %) children were living with one parent. Fisher's exact test on the
contingency table shown in Table 47 A showed that there was no significant association
between the marital status of parents and caries activity in the younger (p=0.45) or older
(p=0.74) age groups of children.
26.9

Mother's level of education
Mothers of 14 (11 %) children had a primary level of education;
mothers of 69 (54%) children had a secondary level of education; and mothers of 42
(33%) children had a tertiary level of education. Two of the children were living with
their fathers and information about their mothers was not sought (Table 47 B).
No significant association was found between the mother's level of
education and caries activity in the younger (Fisher's exact test, p=0.44) or the older
(Fisher's exact test, p=0.75) age group. The data were re-examined by pooling parents
of children with primary education (up to Form 2) in one group, parents of children with
secondary education (up to Form 61 University Entrance I Bursary) in the second group,
and parents of children with tertiary education (Polytechnic I Trade Certificates
/University) in the third group. No significant association was found between mothers
levels of education and caries activity in the younger (x2=0.50; df=2; p=0.78) or older
(x2=1.33; df=2; p=0.51) age groups.
2 6.10 Partner's level of education
No significant association was found between the partners levels of
education and caries activity in the younger (Fisher's exact test, p=0.97) or older
(Fisher's exact test, p=0.21) age groups (Table 47 C)
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Table47

Association between marital status, mother's and partner's educational
qualification and caries activity.

A: MARITAL STATUS OF PARENTS
Children aged 3-4 years
Children aged 7-8 years
LCA HCA

Married
De facto
Solo
Widow
Separated
Divorced
TOTAL(n)

32
2
1
1
0
0
(36)

28
0
0
0
1
0
(29)

Married
De facto
Solo
Widow
Separated
Divorced
TOTAL(n)

Fisher's exact test (p=0.45)

LCA

HCA

20
0
0
0
0
0
(20)

38
2
1
0
1
3
(45)

Fisher's exact test (p=0.74)

--

B: MOTHER'S LEVEL OF EDUCATION
Children aged 3-4 years
Children aged 7-8 years
LCA HCA

I

University
Polytech{frade Cert.

4
3

4
7

University
Polytech{frade Cert.

Form 6n/UE/Burs.
Form 5 I School-C
Form 3 I 4

10
7
2

7
11
2

Form 6n!UE!B urs.
Form 5 I School-C
Form3/4

Form 112
None I Primary
Not applicable
TOTAL(n)

2
1
0
(29)

0
4
0
(35)

Form 112
None I Primary
Not applicable
TOTAL(n)

Fisher's exact test (p=0.44)

LCA

HCA

4
5
4
3
3

4
11

0
1
0
(20)

3
3
2
(43)

7
8
5

Fisher's exact test (p=0.75)

C: PARTNER'S LEVEL OF EDUCATION
Children aged 3-4 years
Children aged 7-8 years
LCA HCA I
University
Polytech {frade Cert

5
4

4
4

Form 6n /UE/Burs.
Form 5 I School-C
Form 3 I 4

5
3
2

5
3
3

1
1
1
(22)

1
4
2
(26)

Form 112
None I Primary
Not applicable
TOTAL(n)

I

Fisher's exact test (p=0.97)

LCA

HCA

University
Polytech{frade Cert.

6
4

4
10

Form 6n/UE/Burs.
Form 5 I School-C
Form 3 I 4

1
4
0

5
4
3

0
0
0
(15)

0
0
3
(29)

Form 112
None I Primary
Not applicable
TOTAL(n)

Fisher's exact test (p=0.21)
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2 6.11 Socio-economic status
26.11.1
Elley and Irving Index for socio-economic classes
Based on the Elley and Irving index for socio-economic
classes, 28 (21.5%) children were classified as belonging to socio-economic classes 1
and 2; 71 (54.6%) children belonged to classes 3 and 4; 15 (11.5%) children belonged
to classes 5 and 6; and the remaining children were grouped as belonging to the
'unclassified group' which included fathers who were self employed, beneficiaries,
students, house-husbands, or unemployed (Table 48 A).
Fisher's exact test on the contingency table (7 rows x 2
columns) shown in Table 48 A showed a significant (p=0.004) association between
socio-economic status (based on father's occupation and income) and caries activity only
in the younger age group of children. The data were re-examined by pooling children in
Class 1 and Class 2 as one group, Class 3 and Class 4 as the second group, Class 5 and
Class 6 as the third group, and Class 7 as the fourth group. Only in the younger age
group of children was caries activity significantly (p=0.004) associated with socioeconomic status.
26.11.2

Irving and Elley Index for socio-economic classes
Fisher's exact test on the contingency table (7 rows x 2

columns) shown in Table 48 B showed no significant association between socioeconomic status (based on mother's occupation and income) and caries activity in the
younger (p=0.55) or in the older (p=0.54) age group of children.
The data were re-examined by pooling children in Class 1
and Class 2 in one group, Class 3 and Class 4 in the second group, Class 5 and Class 6
in the third group, and Class 7 in the fourth group. In contrast to the findings based on
father's occupation and income, no significant association was found between mother's
occupation and income and caries activity in the younger (p=0.80) age group of children.
However, in the older age group of children the association was significant (p=0.038).

26.12 Mother's place of work
Seventy (55 %) mothers were housewives and worked at home, and 58
(45 %) mothers had occupations away from home. Chi-squared test with Yates
correction for continuity showed no significant association between mother's occupation
and caries activity in the younger (x2=0.ll; df=1; p=0.74) or in the older (x2=0.99;
df=2; p=0.61) age group (Table 49 A).
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Table48

Association between socio-economic status (SES) and caries activity.

A: ELLEY AND IRVING SES
(Based on father's occupation and income)
Children aged 3-4 years
Children aged 7-8 years
LCA HCA

E. I. Class 1
E. I. Class 2
E. I. Class 3
E. I. Class 4
E. I. Class 5
E. I. Class 6
Unclassified-Class7
Self employed
Beneficiary
Student
House husband
Unemployed
Not applicable
TOTAL(n)

2
7

0
1

E. I. Class 1
E. I. Class 2

9
4

9
18

E. I. Class 3
E. I. Class 4

3
2

1
2

E. I. Class 5
E. I. Class 6

0
0
0
0
1
1
(29)

1
2
0
0
0
2
(36)

LCA

HCA

4
3
4
5
1
0

2
9
12
10

4
2

Unclassified-Class?
Self employed
1
Beneficiary
0
Student
0
House husband
0
Unemployed
2
Not applicable
0
TOTAL(n)
(20)

Fisher's exact test (p=0.004)

0
0
2
1
0
3
(45)

Fisher's exact test (p=0.61)
-

--

-

---

--

B: IRVING AND ELLEY SES
(Based on mother's occupation and income)
Children aged 3-4 years
Children aged 7-8 years
LCA RCA

LCA

HCA

I. E. Class 1
I. E. Class 2

0
1

1
0

I. E. Class 1
I. E. Class 2

2
4

2
1

I. E. Class 3
I. E. Class 4

1
3
4
1

5
3
2
2

I. E. Class 3
I. E. Class 4

1
2

11
6

I. E. Class 5
I. E. Class 6

0
0

1
0

I. E. Class 5
I. E. Class 6

Unclassified-Class7
Self employed
Beneficiary
Student
House wife
Not applicable
TOTAL(n)

0
0
1
18
0
(29)

1
0
1
21
0
(36)

Fisher's exact test (p=0.55)

Unclassified-Class7
Self employed
1
Beneficiary
0
Student
0
House wife
10
Not applicable
0
TOTAL(n)
(20)

0
0
1
21
2
(44)

I

I

Fisher's exact test (p=0.54)
I
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Table49

Association between mother's place of work, number of siblings, birth
order of child and caries activity.

A: MOTHER'S PLACE OF WORK
Children aged 3-4 years
Children aged 7-8 years
LCA HCA
At home
Away from home
Not applicable
TOTAL(n)

21
15
0
(36)

19
10
0
(29)

At home
Away from home
Not applicable
TOTAL(n)

LCA

HCA

10
10
0
(20)

20
23
2
(45)

x 2=0.99; df=2; p=0.61

x 2 (cc)=0.11; df=1; p=0.74

B: NUMBER OF SIBLINGS
Children aged 3-4 years
Children aged 7-8 years
LCA HCA
No other
One other
Two others
Three others
Four others
Five others
Six others
Seven others
TOTAL(n)

2
16
12
2
3
1
0
0
(36)

3
19
6
1
0
0
0
0
(29)

No other
One other
Two others
Three others
Four others
Five others
Six others
Seven others
TOTAL(n)

LCA

HCA

2
8
7
2
0
0
0
1
(20)

5
17
13
8
3
0
0
0
(46)

Fisher's exact test (p=0.63)

Fisher's exact test (p=0.33)
--

~~-

---

··-----

~-

~-

---

--

C: BIRTH ORDER OF CHILD
Children aged 7-8 years
Children aged 3-4 years
LCA HCA
First born
Second born
Third born
Fourth born
Fifth born
Sixth born
Seventh born
TOTAL(n)

11
16
2
0
0
0
0
(29)

11
15
7
2
0
1
0
(36)

First born
Second born
Third born
Fourth born
Fifth born
Sixth born
Seventh born
TOTAL(n)

LCA

HCA

9
8
3
0
0
0
0
(20)

20
15
8
1
0
0
2
(46)

Fisher's exact test (p=l.OO)

Fisher's exact test (p=0.57)

~~-
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26.13 Number of siblings
There were 72 (55%) children with one or no sibling; 38 (29%)
children had two siblings; 13 (9.9%) children had three siblings; and 8 (6.1 %) children
had four or more siblings. No significant association was found between number of
siblings and caries activity in the younger (p==0.33) or older (p=0.63) age groups (Table
49 B). The data were re-examined by pooling all children with no or one sibling in one
group and children with two or more siblings in the other group. A stronger association
was found between number of siblings and caries activity only in the younger age group
of children but this was not significant (x2=3.51; df=l; p=0.06).
26.14 Birth order of child
The majority (80%) of the children participating in this study were
either first-born or second-born children. Fisher's exact test showed no significant
association between birth order of the child and caries activity in the younger (p=0.57) or
the older (p=0.99) age group of children (Table 49 C).
27

CORRELATIONS BETWEEN THE INDEPENDENT VARIABLES
The correlation coefficients and their levels of significance between some
independent variables are shown in Table 50.
2 7 .1

Amount of food eaten and other variables
In both age groups of children, the amount of food eaten was not
significantly correlated with frequency of eating or socio-economic status. In children
aged 3-4 years a significant (p<0.05) positive correlation was found between amount of
food eaten and body weight only at baseline. There was no significant correlation
between amount of food eaten and body weight in children aged 7-8 years.
2 7. 2

Dietary fluoride intake and other variables
In both age groups of children, the dietary fluoride intake was
positively correlated (p<O.Ol) with the fluoride content of the diet; there was no
significant correlation between dietary fluoride intake and frequency of eating or socioeconomic status. A significant positive correlation was found between dietary fluoride
intake and the amount of food eaten only in children aged 3-4 years (Table 50). The
correlations found between dietary fluoride intake and the intake of other nutrients in the
different groups of children are shown in Table 51.
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Correlation coefficients and significance levels (**0.01level; *0.05 level)
for the association between independent variables in both age groups of
children.
V2Q v~~
AGE
V~Q
V4~
v~
Vl~
Y2!!
AMOUNT OF
3-4
0.08
0.20
0.14
0.08
0.23* 0.07
0.03
FOOD EATEN 7-8
0.21 0.03
0.04
0.14 -0.07
0.14
0.02

Table 50

F INTAKEDIET

F INTAKETOOTHPASTE

3-4
7-8

3-4
7-8

V!!
0.33**
0.18

3-4
7-8

FLOW RATEPAROTID

F CONTENTMIXED

F CONTENTPAROTID

3-4
7-8

0.89**
0.91 **

-0.07
-0.04

V4Q

v~

V2Q

v~~

0.79**
0.84**

0.83**
0.88**

0.80**
0.85**

-0.01
0.25*

0.04
-0.01

-0.03
0.19

V2Q
-0.04
0.13

0.07
0.20

0.32**
0.50**

v~~

-0.01
0.10

v~

V2Q

v~~

Dl

D~

-0.06
-0.02

-0.13
0.03

0.03
0.10

0.01
-0.09

0.08
0.06

v~

V2Q
-0.13
-0.02

3-4
7-8

Vll
0.32**
0.50**

3-4
7-8

Vl4
-0.04
0.22

Vll
-0.13
-0.23*

Vl~

Vl2
0.10
0.14

3-4
7-8

V2!!
0.15
0.09

V2~

Vl2
FLOW RATEMIXED

Vl~

VlQ

v~

AMOUNT OF
PASTE USED

V7

-0.05
-0.02

-0.04
0.22

VlQ
0.28*
0.01

YJ~

0.05
0.13

Dl
0.05
0.32*

Vl!!
-0.05
-0.01

VlB
0.14
-0.03

Vl!!
0.02
0.14

VlB
0.03
-0.07

D~

0.02
-0.14
V2Q
0.14
0.01
V2Q
0.12
0.05

Where VS, V20, V35-Body weight at baseline, 6 months, and 12 months respectively;
V6-Amount of food eaten; V7-F content of diet; VlO, V25, V40-Amount of
toothpaste used at baseline, 6 months, and 12 months respectively; Vll-Flow rate of
mixed saliva; Vl2-Flow rate of parotid saliva; Vl4-Fluoride content of parotid saliva;
VlS, V30, V45-Frequency of feeds per day; V16-F intake from diet (mg/day); V18F intake from diet+paste (mg/day); V20-Total F intake (mg/day); V96-Socio-economic
status; Dl-Water intake; D3-Protein intake.
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27.2.1

Children aged 3-4 years in the F areas

The dietary fluoride intake of both low- and high-caries
active children aged 3-4 years resident in the F areas was positively correlated with the
intake of water (p<O.Ol), and carbohydrate (p<0.05). In addition, in the low-caries
active children there was a significant positive correlation at the p<0.05 level between
dietary fluoride intake and the intake of chloride (r=0.62), sodium (r=0.59), and energy
(r=0.52). In the high-caries active children there was a significant positive correlation at
the p<0.05 level between dietary fluoride intake and the intake of starch (r=0.50).
27.2.2

Children aged 3-4 years in the NF areas
In the NF areas, the dietary fluoride intake of only the low-

caries active group of children was positively correlated with water intake at the p<0.05
level. In this group, the dietary fluoride intake was also positively correlated, at the
p<0.05 level, with the intake of maltose (r=0.62), and magnesium (r=0.54). In the highcaries active group there was a positive correlation between dietary fluoride intake and the
intake of sucrose (0.52), and carbohydrate (r=0.45) at the p<0.05 level.
27.2.3

Children aged 7-8 years in the F areas
In contrast to the younger age group of children, the dietary

fluoride intake of children aged 7-8 years was not significantly correlated with the intake
of water. The dietary fluoride intake of the high-caries active group of children was
found to be negatively correlated with the intake of fructose (r=-0.56), and this
correlation was significant at the p<O.Ol level. A negative correlation was also found
between dietary fluoride intake and the intake of glucose (r= -0.48; p<0.05). In the lowcaries active group, the dietary fluoride intake was positively correlated (r=0.64) with the
intake of starch at the p<0.05 level.
27.2.4

Children aged 7-8 years in the NF areas
In the NF areas, the dietary fluoride intake of children aged

7-8 years was not significantly correlated with the intake of water. In the low-caries
active group, the dietary fluoride intake was positively correlated (r=0.77; p<0.05) with
the intake of cholesterol; in the high-caries active group the dietary fluoride intake was
positively correlated (r=0.43; p<0.05) with the intake of chloride. There was no
significant correlation between dietary fluoride intake and amount of food eaten or socioeconomic status.
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Table 51

INTAKE
OF

Correlation coefficients between dietary fluoride intake and the intake of
other nutrients in children aged 3-4 and 7-8 years, resident in NF and F
areas, with low-caries activity (LCA= :5: 5 units of progression) and highcaries activity (HCA= ;;:::6 units of progression).
3-4 YEARS
NF areas
F areas
LCA HCA
LCA
HCA

0.71 ** 0.63** 0.64*
0.47
0.45
Energy
0.52*
Protein
0.18
0.39
0.40
0.33
0.43
Total fat
0.38
Cholesterol
0.29 -0.03
0.39
Carbohydrate 0.55*
0.56* 0.34
0.31
Total sugar
0.41
0.46
Water

Starch
Glucose
Lactose
Fructose
Maltose
Sucrose
Sodium
Magnesium
Phosphorus
Chloride
Potassium
Calcium

0.44
0.15
0.07
0.21
0.08
0.48
0.59*
0.27
0.28
0.62*
0.12
0.34

0.11
0.29
-0.11
0.04
-0.07
0.45*
0.44
0.15
-0.04
-0.09

0.50*
0.30
0.10

0.29

0.03
0.32
0.42
0.24

0.28
0.62*
0.25
0.42

0.18
0.31
0.26
0.39
0.18

0.30
0.22

-0.05
0.22

7-8 YEARS
F areas
NF areas
HCA
LCA
HCA
LCA
-0.18
0.42
0.19

-0.08
-0.04
-0.02

0.36
0.22

0.07
0.30
-0.14

0.41
0.02
0.64*
0.01
-0.01
-0.06

0.54*
0.44
0.43
0.51

0.52*
0.09
0.08
-0.06
0.02
-0.12

0.16
0.03
0.29
0.34
0.50
0.24
0.15

0.36

-0.03

0.01

*Significant at the 0.05level; **Significant at the O.Ollevel.
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-0.23

0.20
0.39
0.40
0.32

0.11
-0.15
-0.13
-0.18
0.77* -0.14
-0.04
0.38
-0.11
0.43
0.24
0.23

0.12
-0.48* 0.07
-0.23
0.31
-0.56** -0.10
0.30
0.13
0.39
-0.14
-0.12
0.32
-0.14
-0.12

0.33
0.39
0.35
0.04
0.26
0.39
0.13
0.25

0.23
-0.19
0.22
0.29
-0.27
0.39
-0.04
-0.17
0.43*
-0.05
-0.07

2 7. 3

Fluoride intake from toothpaste and other variables
In both age groups of children, there was a significant (p<O.Ol)
positive correlation between fluoride intake from toothpaste and the amount of toothpaste
used (Table 50). In children aged 7-8 years, the fluoride intake from toothpaste was
positively (p<0.05) correlated with body weight only at baseline. Fluoride intake from
toothpaste was not correlated with body weight in children aged 3-4 years. In both age
groups of children, the amount of toothpaste used was not significantly correlated with
body weight (Table 50).
2 7. 4

Flow rate of saliva and other variables
In both age groups of children, the flow rate of mixed and parotid
saliva were significantly (p<O.Ol) correlated with each other (Table 50). In children aged
3-4 years, there was no significant correlation between the flow rate of saliva (mixed or
parotid) and body weight, or intake of water or protein. In children aged 7-8 years, there
was also no significant correlation between the flow rate of mixed saliva and body
weight, or intake of water or protein. However, the flow rate of parotid saliva was
positively correlated (p<0.05) with the intake of water.
2 7. 5

Fluoride content of saliva and other variables
In both age groups of children, there was no significant correlation
between the fluoride content of mixed saliva and the fluoride content of parotid saliva
(Table 50). In children aged 3-4 years, there was a positive correlation (p<0.05) between
the fluoride content of mixed saliva and the amount of toothpaste used. In this age
group, the fluoride content of mixed saliva was not significantly correlated with the flow
rate of mixed saliva. There were also no correlations between the fluoride content of
mixed saliva and the fluoride intake from diet alone, fluoride intake from diet and
toothpaste, or fluoride intake from diet, toothpaste, or fluoride tablets.
In children aged 7-8 years, there was a negative correlation (p<0.05)
between the fluoride content and the flow rate of mixed saliva. In this age group, the
fluoride content of mixed saliva was not significantly correlated with the amount of
toothpaste used. There were also no correlations between the fluoride content of mixed
saliva and the fluoride intake from diet alone, fluoride intake from diet and toothpaste, or
fluoride intake from diet, toothpaste, and fluoride tablets.
There were no significant correlations between the fluoride content and
flow rate of parotid saliva in either age groups of children. There were also no significant
correlations between the fluoride content of parotid saliva and the fluoride intake from
diet alone, diet and toothpaste, or from diet, toothpaste and tablets (Table 50).

202

28

RESULTS OF
ANALYSES

MULTIVARIATE

LOGISTIC

REGRESSION

In addition to the bivariate associations found between the independent variables
and the dependent variable (caries activity), associations between multiple variables and
caries activity were also examined. Multivariate logistic regression methods were used
which enabled the evaluation of the associations between the dichotomous (O=Low-caries
and 1=High-caries) dependent variable and each independent variable in a setting where
the influences of other variables were taken into account. This was done separately for
each age group.
The 99 available independent variables (Appendix 14) could not be fitted in one
model. Therefore, initially the maximum number of independent variables allowed
(n=30) was fitted into the model by the method of forced entry. These variables were
selected based on the findings of bivariate associations in this study and from other
research studies. Backward stepwise regression was then used to remove variables that
did not show a significant (significance level was set at p<0.05) association with caries
activity in the presence of other independent variables. This allowed for another subset
of variables to be fitted to the model. Again, only those variables with a significant (p::;
0.05) association with caries activity were retained in the model by backward stepwise
regression. The 99 variables were thus screened for entry in and removal from the
model. The variables that had been removed were refitted to the final model by forward
stepwise regression methods until only those variables with a significant (p<0.05)
association with caries activity in the presence of other variables were obtained.
The fmal model for each age group was then used to predict caries activity in that
age group. Sensitivity and specificity values of the model in predicting high- and lowcaries risk children were then calculated. Ideally the values of both sensitivity and
specificity should be 100% (Hunter, 1988). Stamm et al. (1988) stated that "to be
useful, a working caries prediction model should produce a sensitivity level of 0.75 or
higher and specificity level of at least 0.85 or higher". In both age groups of children,
the baseline caries status was the strongest predictor of caries activity. The addition of
only this variable to the model changed the computer algorithm significantly and this
overshadowed the effect of the other variables.

28.1

Children aged 3-4 years
28.1.1

Identification of risk factors other than past-caries
experience
In children aged 3-4 years, the frequent use of syrup

medication, intake of niacin, fat, sucrose, sodium, maltose, milk with Horlicks or Milo,
and the energy content of the diet had a significant (p<0.05) association with caries
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activity (Table 52). The association between the intake of glucose and caries activity was
found to be approaching significance (p=0.06). The removal of this variable led to a
significant change in the scaled deviance and therefore it was retained in the model. The
relative risk along with the confidence intervals associated with each of these nine
variables is shown in Table 52. A relative risk estimate of >1 indicates that the variable
increases the risk for caries activity; a relative risk estimate of <1 indicates that the
variable reduces the risk of caries activity.
A more frequent intake of sugar-based syrup medications,
and high intake of niacin, fat, and sucrose was found to significantly (95% confidence
interval did not include 1) increase the risk of caries activity. The intake of maltose and
milk with Horlicks or Milo, on the other hand, was found to significantly (95%
confidence interval did not include 1) reduce the risk of caries activity. Although the
intakes of sodium, and energy showed a significant (p<0.05) correlation with caries
activity in the presence of other variables, they did not significantly change the caries
risk. No other statistically significant risk factors were identifiable by multiple logistic
regression analysis.
28.1.2

Caries prediction model for children aged 3-4 years

A logistic regression model including the intake of syrup
medication, intake of niacin, fat, sucrose, sodium, glucose, maltose, milk with Horlicks
or Milo, and energy produced a sensitivity of 0.87 and specificity of 0.7 4 in predicting
high- and low- caries risk children (Table 53a). Sensitivity of 0.87 indicated that 87%
(26/31) of the true high-caries active children, as classified by progression scores, were
predicted by the model as high-caries active. Specificity of 0.74 indicated that 74%
(17 /23) of the true low-caries active children were identified by the model as low-caries
active.
The addition of other variables to the model did not improve
the sensitivity and specificity of the model. Addition of past caries experience to the
above model led to the following message on the computer 'Estimation terminated
because maximum iterations of 20 were exceeded. Final solution not found'. This
indicated that past caries experience by itself was a strong predictor of future caries
activity. A sensitivity of 0.77 (77%) and specificity of 1.00 (100%) was obtained by
using baseline caries scores alone to predict future caries activity.
A logistic regression model using dmfs/DMFS increment
scores (criteria C) to classify children as low-(dmfs/DMFS increment :::;1) and high-caries
(dmfs/DMFS increment ;::::2) active and the above nine variables produced a much lower
sensitivity (0.54) and a slightly higher specificity (0.79) than the model using
progression scores (Table 53b). Diagnostic criteria C recorded decay only at the stage of
frank cavitation and did not include white spots, and surface discolourations as early
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Table 52

Independent variables in the prediction model that were significantly (p :::;
0.05) associated with caries activity, as defined by transition scores, in
children aged 3-4 years. The relative risk (and 95% confidence intervals),
associated with these variables, for caries activity is also shown in this
table.
P valuet Relative Risk
Estimate

Independent
Variable

Estimate

Standard
Error

Constant

-5.8704

3.2630

0.072

1. Medications

2.0375

0.9017

0.024

7.671

1.31 to 44.9*

2. Niacin intake

0.5772

0.2476

0.020

1.781

1.10 to 2.89*

3. Fat intake

0.1198

0.0581

0.039

1.127

1.01 to 1.26*

4. Sucrose intake

0.0851

0.0332

0.010

1.089

1.02 to 1.16*

5. Sodium intake

0.0020

0.0010

0.043

1.002

1.00 to 1.01 (NS)

6. Glucose intake

0.1228

0.0656

0.061

1.131

0.99 to 1.29 (NS)

7. Maltose intake

-1.0745

0.4969

0.031

0.342

0.34 to 0.90*

8. Horlicks/Milo
9. Energy intake

-0.7163

0.3255

0.028

0.489

0.49 to 0.92*

-0.0030

0.0012

0.014

0.997

0.99 to 1.00 (NS)

95% C.I

tp value is the significance of 'z' which is =estimate I standard error.
*The risk is significant as 95% confidence interval does not include unity.
(NS)-the variable is not a significant risk factor in the presence of other variables but
removal of these variable reduces the sensitivity and specificity of the model.
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Table 53 a

Sensitivity and specifity values of the prediction model, developed by
multiple stepwise logistic regression analyses as shown in Table 52, for
children aged 3-4 years classified as low- and high-caries active by
transition scores.

PREDICTED RISK
High-caries
Low-caries
active
active

%correct

'TRUE' RISK
High-caries active

26

4

87%

Sensitivity

Low -caries active

6

17

74%

Specificity

Table 53 b

Sensitivity and specifity values of the prediction model, developed by
multiple stepwise logistic regression analyses as shown in Table 52, for
children aged 3-4 years classified as low- and high-caries active by the
dmfs/DMFS increment scores (criteria C).

PREDICTED RISK
High-caries
Low-caries
active
active

%correct

'TRUE' RISK
High-caries active

11

13

54%

Sensitivity

Low -caries active

6

23

79%

Specificity
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evidence of decay. This is similar to the findings of recent caries risk assessment studies
in children based on dmfs/DMFS increment scores (Abernathy et al., 1987; Stamm et

al., 1988 and 1991). Caries prediction models developed in these studies, using
independent variables different from the ones in this study, have produced lower
sensitivity (ranging from 0.48 to 0.68) and higher specificity values (ranging from 0.77
to 0.80).

28.2

Children aged 7-8 years
Identification of risk factors other than past-caries
28.2.1
experience
In children aged 7-8 years, the area of residence, intake of
foods at bedtime, energy content of the diet, flow rate of mixed saliva, the fluoride
content of the diet of children, and the intake of Vitamin B6, fat, sucrose, and sodium
had significant (p<0.05) associations with caries activity. The association between the
increased intake of milk with Horlicks and Milo and caries activity was found to be
approaching significance (p=0.06) (Table 54). The removal of this variable led to a
significant change in the scaled deviance and therefore it was retained in the model.
The relative risk along with the confidence intervals
associated with each of these nine variables is shown in the table. The absence of water
fluoridation, and the intake of cariogenic foods at bedtime significantly (95% confidence
interval did not include 1) increased the risk of caries activity. The absence of water
fluoridation with a relative risk estimate of 1,454 was the most significant risk factor for
caries in children aged 7-8 years. A higher flow rate of mixed saliva, a higher intake of
dietary fluoride in the NF areas, intake of Vitamin B6, fat, and sucrose on the other hand,
significantly (95% confidence interval did not include 1) reduced the risk for caries
activity. Although the intake of energy and sodium showed a significant (p<0.05)
correlation with caries activity in the presence of other variables, they did not significantly
change the caries risk. No other statistically significant risk factors were identified by
multiple logistic regression analysis.
28.2.2

Caries prediction model
A logistic regression model including the area of residence,

intake of foods at bedtime, energy. content of the diet, the flow rate of mixed saliva, the
fluoride content of the diet of children, and the intake of Vitamin B6, fat, sucrose, and
sodium produced a sensitivity of 0.97 and specificity of 0.71 in predicting high- and lowcaries risk children (Table 55a). A sensitivity of 0.97 indicated that 97% (35/36) of the
true high-caries active children, as classified by progression scores, were predicted by the
model as high-caries active. Specificity of 0.71 indicated that 71% (12/17) of the true
low-caries active children were identified by the model as low-caries active.

207

Table 54

Independent variables in the regression model that were significantly (p::;

0.05) associated with caries activity, as defined by transition scores, in
children aged 7-8 years. The relative risk (and 95% confidence intervals),
associated with these variables, for caries activity is also shown in this
table.
Independent
Variables

Estimate

Standard P valuet
Error

Relative
Risk

95% C.I

-1.3007

3.5858

0.716

7.2823

2.7083

0.007

1,454

7 to 293,775*

1.8873

0.8508

0.027

6.601

1.25 to 35.0*

0.0051

0.0020

0.010

1.005

1.00 to 1.01 (NS)

-20.5041

7.8610

0.009

<0.001

1.25 x lQ-9 to
6.12 X lQ-3 *

-4.7577

2.1196

0.025

0.009

8.58 x 10-3 to
0.55 *

6. Vitamin B6

-3.6936

1.6628

0.026

0.025

0.02 to 0.65*

7. Fatintake

-0.1986

0.0916

0.030

0.820

0. 82 to 0.92*

8. Sucrose intake

-0.1215

0.0502

0.016

0.886

0.89 to 0.98*

9. Sodium intake

-0.0043

0.0016

0.008

0.996

0.99 to 1.00 (NS)

10 Milk with Horlicks 0.8984

0.4825

0.063

2.456

0.95 to 6.32 (NS)

Constant

1. Residence in nonfluoridated areas

2. Cariogenic foods
at bedtime

3. Energy intake
4. Dietary F intake
in NF areas

5. Flow rate of
mixed saliva

or Milo
tp value is the significance of 'z' which is =estimate I standard error.
*The risk is significant as 95% confidence interval does not include unity.
(NS)-the variable is not a significant risk factor in the presence of other variables but
removal of these variable reduces the sensitivity and specificity of the model.

208

Table 55 a

Sensitivity and specifity values of the prediction model, developed by
multiple stepwise logistic regression analyses as shown in Table 54, for
children aged 7-8 years classified as low- and }ligh-caries active by
transition scores.

PREDICTED RISK
High-caries
Low-caries
active
active

%correct

'TRUE' RISK
High-caries active

35

1

97%

Sensitivity

Low -caries active

5

12

71%

Specificity

Table 55 b

Sensitivity and specifity values of the prediction model, developed by
multiple stepwise logistic regression analyses as shown in Table 54, for
children aged 7-8 years classified as low- and high-caries active by the
dmfs/DMFS increment scores (criteria C).

PREDICTED RISK
High-caries
Low-caries
active
active

%correct

'TRUE' RISK
High-caries active

15

9

63%

Sensitivity

Low -caries active

6

23

79%

Specificity
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The addition of other variables to the model did not improve
the sensitivity and specificity of the model. Addition of past caries experience to the
above model led to the following message on the computer 'Estimation terminated
because maximum iterations of 20 were exceeded. Final solution not found'. This
indicated that past caries experience by itself was a strong predictor of future caries
activity. A sensitivity of 0.61 and specificity of 0.88 was obtained by using baseline
caries scores alone to predict future caries activity.
A logistic regression model using dmfs/DMFS increment
scores (criteria C) to classify children as low-(dmfs/DMFS increment :::;1) and high-caries
(dmfs/DMFS increment ;;::2) active and the above nine variables produced a much lower
sensitivity (0.63) and a slightly higher specificity (0.79) than the model using
progression scores.

29

FOOD SOURCES OF NUTRIENTS FOUND TO HAVE AN
ASSOCIATION WITH CARIES ACTIVITY
The nutrients identified by multivariate analyses to have an association with
caries activity were fat, sucrose, energy, sodium, maltose, niacin, glucose, and Vitamin
B6. The mean (±SD) intake of these nutrients according to age and caries activity is
summarised in Table 56. Bivariate examination had failed to show any significant
differences in the intake of these nutrients by low- and high- caries active groups of
children.
The food sources of these nutrients in the two age groups of children, were
further analysed. The major items which constitute each food group (source) in the DSIR
data base are shown in Appendix 26.
29.1

Nutrients identified in both age groups
In children aged 3-4 years, the increased intake of fat and sucrose, in
the presence of the other factors in the model, was found to significantly increase the risk
of caries activity. However, in children aged 7-8 years, the reverse was true; the
increased intake of fat and sucrose, in the presence of the other factors in the model,
significantly reduced the risk of caries activity. Two other nutrients, energy, and sodium
were also identified in the caries prediction models in both age groups. However, the
intakes of the latter two nutrients were not significantly associated with caries activity in
the presence of the other factors.
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Table 56

Mean (±SD) intake of nutrients, identified in the caries prediction models
to be associated with caries activity, according to age and caries activity.

All
Children

Nutrient

LCA

HCA

n=29

n=37

Significance of
the difference
(p values)

Total fat (g)
3-4 years
7-8 years

61 ± 15
74±20

58± 13
73 ± 17

64± 16
75±21

0.15
0.86

Sucrose (g)
3-4 years
7-8 years

64±28
75±27

60±27
71±22

67±28
77±28

0.36
0.52

Energy (kJ)
3-4 years
7-8 years

6,519 ± 1,288
7,746 ± 1,444

6,309 ± 1,369
7,460 ± 1,363

6,685 ± 1,213
7,864 ± 1,473

0.38
0.47

Sodium (mg)
3-4 years
7-8 years

1,940 ± 539
2,214 ± 558

1,845 ± 568
2,314 ± 638

2,015 ± 511
2,172 ± 522

0.28
0.19

Maltose (g)
3-4 years
7-8 years

3±1
3±1

3±1
3±1

3±1
3±2

0.75
0.97

Niacin (mg)
3-4 years
7-8 years

10±3
12±4

10±3
12±2

11 ± 3
12±4

0.34
0.99

Glucose (g)
3-4 years
7-8 years

17 ± 8
19 ±9

16± 9
18 ± 6

18 ±7
19 ± 10

0.39
0.50

Vitamin B6 (mg)
3-4 years
VitaminB6

1 ± 0.5
1.3 ± 0.6

1 ± 0.6
1.2 ± 0.4
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1 ± 0.3
1.3 ± 0.6

0.41
0.56

29.1.1

Food sources of fat
The proportion of fat intake from the different food sources

is shown in Appendix 28. Dairy products, bakery products, and meat, in that order were
the three main sources of fat in children aged 3-4 and 7-8 years. The food items under
each of these food sources are shown in Appendix 26.
In children aged 3-4 years with high-caries activity, bakery
products, fast foods, snack foods, and meat products contributed a higher proportion of
fat as compared to children with low-caries activity. On the other hand, in children with
low-caries activity dairy products, fats and oils, vegetables, breakfast cereals, and nuts
contributed a higher proportion of fat as compared to children with high-caries activity.
In children aged 7-8 years with high-caries activity, fast foods, and meat contributed a
higher proportion of fat as compared to children with low-caries activity. In children
with low-caries activity, dairy products, fats and oils, and vegetables contributed a higher
proportion of fat as compared to children with high-caries activity. These differences
could probably explain why an increased intake of fat increased the risk of caries activity
in children aged 3-4 years while it decreased the risk in children aged 7-8 years.
29.1.2

Food sources of Sucrose
The proportion of sucrose intake from the different food

sources is shown in Appendix 29. Bakery products, dairy products, and beverages, in
that order were the three main sources of sucrose in children aged 3-4 years. In children
aged 7-8 years, bakery products were also the main sources of sucrose. However,
beverages were the second highest source while dairy products ranked third.
In children aged 3-4 years, the intake of sucrose from
bakery products, dairy products, and beverages, was higher in children with high-caries
activity than in children with low-caries activity. However, in children aged 7-8 years,
the intake of sucrose from dairy products, and beverages (which includes food items
such as Cocoa, Milo, and Horlicks powder), was higher in children with low-caries
activity than in children with high-caries activity; the intake of sucrose from sugar, honey
and confectionary sources was higher in children with high-caries activity.
29.1.3

Food sources of Energy
Although not significant, an increased intake of energy was

associated with a reduced risk of caries activity in children aged 3-4 years but with an
increased risk of caries activity in children aged 7-8 years. The proportion of sucrose
derived from the different food sources is shown in Appendix 30.
In children aged 3-4 years, bakery products, dairy
products, and beverages in that order were the three main sources of energy. In children
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aged 7-8 years, bakery products, dairy products, and meat were the three main sources of
energy.
29.1.4

Food sources of Sodium
Although not significant, an increased intake of sodium

was associated with an increased risk of caries activity in children aged 3-4 years but with
a reduced risk of caries activity in children aged 7-8 years. The proportion of sodium
derived from the different food sources is shown in Appendix 31.
Bakery products, meat, and fast foods in that order were
the three main sources of sodium in children aged 3-4 years and 7-8 years.

2 9. 2

Other nutrients identified in children aged 3-4 years
29 .2.1
Food sources of Maltose
In children aged 3-4 years, an increased intake of maltose,
in the presence of other factors, significantly decreased the risk of caries activity. The
proportion of maltose derived from the different food sources is shown in Appendix 32.
Bakery products, confectionary, and beverages (which includes Horlicks, Milo, and
other powders) in that order were the three main sources of maltose in children aged 3-4
years. Further breakdown of food items contributing to the intake of maltose is shown in
Appendix 27. Children with low-caries activity derived a relatively higher proportion of
maltose from vegetables, meat, and dairy products.
29.2.2

Food sources of Niacin
In children aged 3-4 years, an increased intake of niacin, in

the presence of other factors, significantly increased the risk of caries activity. The
proportion of niacin derived from the different food sources is shown in Appendix 33.
Bakery products, vegetables and meat, in that order, were
the three main sources of niacin in children aged 3-4 years. Further breakdown of food
items contributing to the intake of niacin is shown in Appendix 27. Children with highcaries activity derived a relatively higher proportion of niacin from fast foods (includes
burgers, potato chips) and miscellaneous food groups (includes vegemite and marmite).
29.2.3

Food sources of Glucose
Although not significant, an increased intake of glucose

was associated with an increased risk of caries activity in children aged 3-4 years. The
proportion of glucose derived from the different food sources is shown in Appendix 34.
Fruits, beverages, and confectionary in that order were the three main sources of glucose
in children aged 3-4 years.
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2 9. 3

Other nutrients identified in children aged 7-8 years
29.3.1
Food sources of Vitamin B 6
In children aged 7-8 years, an increased intake of Vitamin
B6, in the presence of other factors, significantly decreased the risk of caries activity.
The proportion of Vitamin B6 derived from the different food sources is shown in
Appendix 65.
Meat, dairy products, and bakery products in that order
were the three main sources of Vitamin B6 in children aged 7-8 years.
Further
breakdown of food items contributing to the intake of Vitamin B6 is shown in Appendix
27. Children with low-caries activity derived a relatively higher proportion of Vitamin
B6 from dairy products, bakery, and vegetables.
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DISCUSSION
1

REPRESENTATIVENESS OF THE SELECTED SAMPLE
The study population was selected by stratified random sampling from 21 of the
24 school dental clinics in the study areas. Through stratification, the population was
partitioned into eight distinct groups (strata) based on age, area, and caries status from
which independent samples were selected at random. The selected children were further
screened for the presence of dental caries and general health prior to inclusion in the
study. Therefore the study population is representative of children aged 3-4 years and 78 years with clinical and radiographic evidence of either no caries or at least three carious
lesions and with no medical problems that might have interfered with fluoride metabolism
such as recent bone fractures, kidney problems, and gastrointestinal problems.
In New Zealand, at the present time school dental clinics provide a free basic
dental service to school children, recommending enrolment in the programme at two and
a half years of age with dental examinations at regular intervals of 6 months or 12 months
thereafter. Alternatively, parents may elect to take their child to the family dentist at their
own expense. Beautrais et al. (1982) reported that 83.3% of all preschoolers had made at
least one visit to a School Dental Service or a dentist by the age of 4 years. They also
found that children who failed to receive dental care were characterised by a number of
social disadvantages. The authors concluded that New Zealand preschool dental services
are subject to the so-called "law ofinverse care", whereby those children most in need of
good early dental care are least likely to receive it.
Based on this information, it is assumed that the selected study population from
school dental clinics is probably under-representative of children with very poor dental
health, especially in the age group 3-4 years. Moreover, the majority (55%) of the
children participating in this study belonged to socio-economic classes 3 and 4; 22% of
the participants belonged to classes 1 and 2; and only 12% belonged to the lower socioeconomic classes of 5 and 6. Thus the present study population can be said to be underrepresentative of children belonging to the lower socio-economic classes which, it is
hypothesised, may have included most of the children with very poor dental health.
2

ADEQUACY OF SAMPLE SIZE
One of the main considerations in calculating the sample size was the logistics of
the analysis (in duplicate) of the fluoride content in samples of food, mixed and parotid
saliva, and oral rinses at three different points in time. The added consideration was one
of cost of reimbursement for each participant at each of the three times.
A power study used for sample size calculations was carried out in consultation
with the advising statistician. This indicated that a minimum of 150 children would be
appropriate for the determination of associations between the outcome and explanatory

215

variables. Attempts were made to select a maximum manageable number of 160 children
(20 in each of the 8 groups). Provision was made for dropouts and non-compliance by
increasing the sample size to 176 (22 in each group). However, the sample size was
found to be restricted by the number of available children who met all the criteria for
inclusion in the study and who agreed to participate in the study. At the end of the study
only those children with complete data for all the predictor and outcome variables at
baseline and at 12 months were included in the calculations and in the multiple logistic
regression analysis. This further reduced the sample size to 137.
The sample size had sufficient power to satisfactorily predict caries activity and
is therefore adequate for extrapolation of results to the entire population of children with
similar levels of low- and high-caries.

3

RESPONSE RATE AND COMPLIANCE
The overall response rate of parents invited to take part was below 50%
(mean=41 %). The response rate is considered poor relative to some other types of
studies. However, it must be judged in light of the demanding nature of this study which
included, on the parents' part, close supervision of the child's diet over a 24-hour period,
accurate duplication and collection of the diet with or without the assistance of the school
teacher, maintenance of a 24-hour diet record, and the completion of general and foodfrequency questionnaires. The child had to be brought to the School of Dentistry to
enable clinical and radiographic dental examinations and for the collection of saliva
samples and oral rinses following toothbrushing. All these procedures had to be repeated
three times in a year. There are no similar longitudinal studies to provide comparisons of
response rates.
One of the main reasons given for non-participation was unavailability during
the Christmas holidays as the sampling was commenced in December. It is therefore
possible that a higher response rate could have been obtained if the study had commenced
during the school term. The reimbursement offered for the cost of meal duplication and
for travel to and from the School of Dentistry was judged to be adequate and an incentive.
It is felt that without this incentive the response rate would have been lower.
The compliance of the study population over the 12 months was high (94%).
The main reason for discontinuation was change of residence. The parents of many
children, especially in the younger age group, considered the non-invasive procedures
used in the collection of the samples as a positive experience of dentistry and a "good
thing" for the children.
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4

LONGITUDINAL DESIGN AND PERIOD OF THE STUDY
This study had a longitudinal design where changes in the activity of the carious
lesion were monitored over a period of 12 months and related to multiple factors
measured simultaneously. The longitudinal observations indicated changing trends of
values with the development of lesions. The results therefore, are more realistic than
cross-sectional data. Caries-risk assessment studies which have been cross sectional in
design have tried to relate factors measured at a point in time to the caries status
accumulated over years by the same individual. These studies have therefore, not been
able to find any significant associations between the prevalence of caries and the
independent factors studied (Demers et al. , 1990).
It is recommended that in order to determine the rate at which early carious
lesions remineralise or advance to frank cavitation, it is necessary to observe them for a
period of 1 year or more (Mandel, 1974). Studies on caries progression have ranged
from 1 year to 8 years with differing conclusions. Studies in children with primary teeth
have shown that caries can progress within 12 months (Solanki and Sheiham, 1991).
Therefore, a 12 month study period was thought appropriate for monitoring the fate of
sound and carious surfaces.
In New Zealand, all preschoolers and school children who are registered with
the School Dental Service are recalled annually or biannually for reassessment and
treatment planning. The identification of factors affecting caries activity over a 12 month
period was therefore important.
5

FINDINGS FROM SCHOOL DENTAL RECORDS
The school dental records showed a significantly (p<0.001) higher number of
children with 'no-caries' (according to dental records) in the F areas than in the NF areas.
There was also a significantly (p<O.Ol) lower number of children with 'high-caries'
(according to dental records) in the F areas than in the NF areas. Several epidemiological
surveys of different age groups of children in New Zealand have shown that the
prevalence of caries in children living in fluoridated areas is significantly lower than in
children living in non-fluoridated areas (Hunter, 1984 and 1985; Evans et al., 1984;
Treasure and Dever, 1991). The school dental records reflect the trend for the prevalence
of caries to be lower in the fluoridated areas, even though the non-fluoridated areas are in
close vicinity of the fluoridated part of Dunedin and may receive the benefit of a "halo"
effect
Another fmding was that only 15% of the children in the F areas and 27% of the
children in the NF areas had high caries. This supports previous epidemiological
findings from New Zealand and other developed countries with fluoridated water
supplies which indicate that caries is distributed disproportionately with approximately
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60% of the disease occurring in only 20% of the children (Evans et al., 1984; Stamm et

al., 1991).
However, these findings must be interpreted with caution because the data were
compiled from dental records kept by 21 dental nurses. The inter- and intra-examiner
variability of the dental nurses was not tested and therefore the diagnostic error is not
known. Also the diagnostic threshold used for recording decay could have varied. Some
nurses may have recorded white spots and frank cavitation as decay while others may
have recorded decay only at the stage of cavitation. In addition, 4% of surfaces with
clinical and radiographic evidence of lesions in the dentine had not been detected as decay
by the dental nurses. In view of the possible sources of error in recording decay, it is not
possible to make any firm conclusions about the prevalence of disease based on the
school dental records although they show the same pattern as found in standardised
epidemiological surveys.

6

INTRA-EXAMINER VARIABILITY IN DENTAL EXAMINATION
The main purpose of reliability measurements is to indicate the influence of error
on the efficiency of a study. In this study, the intra-examiner variability in the clinical
and radiographic diagnosis was measured by the Kappa statistic to be greater than 0.8 at
the start and at the end of the study. The calculation of the Kappa value includes
agreements on sound and carious teeth and is considered a better measure of reliability
than the consistency or agreement ratio. A Kappa value of 0.8 or more is considered to
indicate excellent reliability, and values between 0.6-0.8 have been considered to be
adequate (Cleaton-Jones et al., 1989). The consistency with which the depth of a
radiolucency was estimated on two separate examinations was found to be highest for
lesions in the dentine (0.99) and slightly lower for lesions in the outer half of enamel
(0.94). Therefore, it can be said that the diagnosis of sound and carious lesions in this
study was highly reliable and consistent.
In the case of approximal lesions detected as radiolucencies on bitewing
radiographs, the relative contributions to the total number of 'reversals' made by
observer errors and true lesion regression due to remineralisation have been largely
speculative. Carlos and Senning (1968), assumed that all observed reversals on
radiographs of approximal caries were due to errors. However, a number of longitudinal
bitewing radiographic studies have lent support to the concept of true regression of
radiologically diagnosed approximallesions (Backer-Dirks, 1961; Koulourides and
Axelsson, 1977). As the Kappa values calculated in this study indicated excellent
reliability in diagnosis, it can be assumed that all positive and negative diagnoses and
reversals in diagnosis were not due to observational errors.
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7

DIAGNOSTIC CRITERIA USED FOR RECORDING DECAY
In epidemiological studies on the prevalence of dental caries, only one level of
diagnosis for the decayed component is recommended, namely caries at the cavitation
level, that is, involving dentine. This does not take into account the presence of early
carious lesions, such as white spots in enamel. According to Palmer et al. (1984) this is
recommended because it conforms to criteria in current use, it permits a higher degree of
reproducibility between examiners than diagnosis of the early carious lesions, and
because it represents a stage in the disease process calling unequivocally for operative
treatment.
In this study, caries was recorded clinically and radiographically in its earliest
stages including white spots, surface discolourations, and radiolucencies in the enamel in
addition to frank cavitation and involvement of the dentine. The use of these diagnostic
criteria identified a large number of small carious lesions within the enamel. These
lesions were ignored when the recommended epidemiological criteria were used to record
decay. For example, in children aged 3-4 years in the NF areas, the number of decayed
surfaces recorded by the epidemiological criteria averaged 0.8. When early carious
lesions were included the mean number of decayed surfaces increased to 5.8. A greater
number of these early lesions were found in children in the F areas and this was also the
case in children aged 7-8 years (Table 12). Failure to diagnose early lesions would have
considerably reduced the sensitivity of measuring caries activity in the child over time.
When early evidence of caries, such as white spots, was included as decay there
was no significant difference in the mean dmfs/DMFS scores of children aged 7-8 years
living in F and NF areas; in children aged 3-4 years, the mean dmfs score was, in fact,
higher in the F than in the NF areas. However, when the epidemiological criteria of
recording decay were used, children of both age groups resident in F areas had a lower
dmfs/DMFS score than those resident in NF areas. This study shows, what is
considered simple epidemiological fact, that you can have more or less of a disease by
choosing different diagnostic criteria for measurement (Bowen, 1992).
With the change in the pattern of dental caries in the western world, the relative
numbers of small carious lesions confined to enamel are reported to have increased
(Granath et al., 1980; Schwartz et al., 1984). It has also been stated that exposure of a
caries-active community to fluoride leads to a proportional increase in the number of
white spots (Bowen, 1991). However, the number of lesions requiring treatment (frank
cavitation and lesions in dentine) declines significantly. This is an important distinction
between the severity of decay because it has important consequences for management. It
has been shown that the early carious lesion may remineralise or become arrested given
the right environment by preventive (non-invasive) measures alone (Silverstone, 1977;
Kidd and Joyston-Bechal, 1987). Separating early carious lesions from frank cavitations
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would also be expected to give a better measure of the effect of water fluoridation and
other preventive measures on the prevalence of caries.
Diagnosis of dental caries at an early stage is thus important, and the recording
of decay only at the level of dentine involvement is no longer appropriate. It is
recommended that the decayed (diD) component should record reversible (white spots,
surface discolourations, lesions in enamel) and irreversible (frank cavitation, lesions in
dentine) stages of decay separately. This concept of including white spots as a unit of
measure for caries has been suggested by others (Clarkson, 1991).
Another reason for not including white spots as decay in epidemiological studies
is the problem of differentiating white spots due to caries from those due to
developmental hypomineralisation. The main purpose of this study was to compare the
findings of clinical and radiographic dental examinations at two different times and to
determine the fate of the early carious lesion rather than to report on the prevalence of
caries. Therefore, the correct diagnosis of a white spot lesion due to caries or due to
hypomineralisation was not crucial for the purpose of this study. If a white spot lesion
observed at baseline appeared cavitated after 12 months, the surface was considered to
have shown progression; if a white spot observed at baseline was not visible after 12
months, the surface was considered to have shown regression; and if a white spot lesion
was visible at baseline and at 12 months the surface was considered to have shown no
change.

8

STANDARDISED BITE WING RADIOGRAPHY

Use of individual bite-blocks
Bitewing radiographs taken sequentially in a standardised manner were
used to monitor the activity of carious lesions in the approximal surfaces of the posterior
teeth. One of the problems encountered in standardising the technique was the
repositioning of the wax bite-block especially in the younger children. In spite of careful
instructions, some children bit on the wax block before it had been accurately positioned
thereby obliterating the previous impression. Some workers have used more rigid
materials than wax such as impression compound, Thiokol rubber, or acrylic resin
directly on the film holder, or over a styrofoam block, or on a perforated metal block
(Pitts, 1984 a). However, due to difficulties encountered in seating the rigid block fully
after some months, they are considered impractical for routine clinical use. They are also
not suited for use in young children for the same reason, namely rigidity. Wax bite
blocks on the other hand allowed for some degree of flexibility in repositioning even
after months of storage.
8.1

Better techniques which allow for registration of the location of the
bite-block at a second examination without distortion and without discomfort to a child
need to be developed. It was felt that a film packet smaller than the currently available

220

size 0 (and a smaller film holder) would have been adequate as the area of interest was
only the coronal half of the tooth. Such a smaller film packet would have been easier to
place in the children's mouths, and may have been able to be positioned nearer the teeth.

8. 2

Development of films
To standardise developing procedures, all films were developed
automatically in batches at a constant temperature, immediately following the replacement
of the developer with fresh solutions. Bulk processing of films under such standardised
conditions has been shown to ensure uniformity of image density and contrast (Sewerin,
1986). In spite of using standardised methods of bulk processing, there were some
variations in the image density and contrast of the films developed in batches at the three
examination times during the study. The reason for these differences was not found.
The shift in image density and contrast did not affect the visual interpretation of the extent
of penetration of the carious lesion. However, the radiographs could not be accurately
assessed by the Image Analysis System since one of the criteria for its use is uniformity
in density.

8. 3

Unreadable surfaces on radiographs
In this study, provisions were made in the coding system to record
enamel and dentine overlaps separately, as well as missing surfaces due to improper
positioning of film. In both age groups of children, overlapped and missing surfaces
together resulted in 9% of surfaces being unreadable. The proportion of surfaces that
were overlapped was lower in children aged 3-4 years (4%) as compared to children
aged 7-8 years (6%).
These results are very similar to the findings of other studies. In the
primary dentition, Edward eta!. (1973) found 6% of surfaces to be overlapped, but these
authors had taken two radiographs per side, and had even repeated some of these films.
In other studies using two films per side 9% (Granath eta!., 1978) to 11.2% of surfaces
(Henrikson and Edwards, 1973) were found to be unreadable in the primary dentition.
In a study in 5-year-old children using a single film on each side, with no repeats, and no
attempts to hold the child's head, Holt eta!. (1990) found that 14% of the surfaces were
unreadable.
The most common reasons for surfaces to be unreadable are incorrect
alignment of the film with the tube head; blurring of the surface due to movement during
exposure; and the curvature of the dental arch and irregularities of the dentition (Pitts,
1987). Despite the loss of information on some approximal surfaces in children,
posterior bite wing radiographs are of great value in the detection of approximal caries as
found in this study as well as other studies.
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Some studies have ignored all overlapped surfaces, others have pooled
even slight overlaps with missing surfaces or unreadable surfaces, thereby leading to
loss of valuable data and possibly an underestimation of the extent of caries. In this
study, overlapped but readable surfaces were included. The inclusion of scoring codes
which quantified the degree of overlap and which allowed for the recognition of obvious
caries in the presence of overlap can be expected to give more accurate results.

8. 4

Sequence of reading the radiographs
In clinical trials serial radiographs are read independently of each other.

In this study the radiographs were read in succession at one time, and information
existing from earlier or later radiographs was used in estimating the extent of penetration
of caries. This non-independent method of interpretation corresponds much more closely
to the process available to clinicians making a diagnosis, and has been found to be highly
reproducible in diagnosing and monitoring caries activity (Pliskin et al ., 1984). The
non-independent method of reading radiographs was therefore used in this study.

9

RADIOGRAPHIC VERSUS CLINICAL DIAGNOSIS
Radiographic examinations of the proximal surfaces of the posterior teeth

revealed the presence of a number of early carious lesions that were not detected
clinically. Of the children with a dmft/DMFf score of 0 (on dental records) who were
invited for a dental examination, 13% showed decay on radiographs. In children with a
high dmft/DMFT score, dental examination revealed that 96% of the children had
evidence of carious lesions that had not been detected clinically. Most (90%) of the
lesions found were interproximal lesions within the enamel, of the posterior teeth found
only on radiographic examination. Some of the lesions were detectable on clinical
examination but had not been diagnosed by the dental nurse.
In the children finally selected for the study, only 10% of surfaces diagnosed
radiographically as being carious were detected clinically. Lesions within the enamel
were more difficult to detect clinically than those that had extended into the dentine. This
study demonstrates the inability of visual examination alone to detect early carious
lesions on surfaces of teeth specially in contacting proximal surfaces of the posterior
teeth.
Numerous other studies have shown that early carious lesions on the
approximal surfaces of teeth in contact are more likely (68-95%) to only be detected on
bitewing radiographs rather than on clinical examination with mirror and probe (Holm,
1975; Murray and Majid, 1978; Stecksen-Blicks and Wahlin, 1983). There are several
differences in the design of these studies, including the sample size, the age groups, the
diagnostic threshold employed (whether or not initial lesions were recorded in addition to
frank cavities), method of clinical examination (whether the teeth were cleaned and dried,
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whether tooth separators were used), and methods of calculating the proportion of
lesions diagnosed by each method. However, in spite of the difficulties in making direct
comparisons with other studies, the results corroborate the finding that clinical
examinations alone are frequently unable to recognise more than half of the lesions.
Bitewing radiography is often regarded as an unneccesary part of the
examination of children under 12 years of age for carious lesions because of the falling
prevalence in caries (Murray and Rugg-Gunn, 1982), the unreadability of overlapped
surfaces that are common, and the fear of radiation overdose. Given a climate of low
prevalence and slow progression of caries approximal dentinal lesions have been found
to be a decreasing phenomenon in young children (Ruiken et al., 1982). However, the
number of early carious lesions has been found to be on the rise. It has been shown that
early carious lesions may remineralise with proper prophylactic measures alone thus
obviating the need for restorations (Kidd and Joyston-Bechal, 1987). Failure to detect
the presence of early caries cou.ld result in the progression of lesions to irreversible
stages necessitating restorations. The ability of the radiograph to detect the early carious
lesions would allow for prophylactic measures to be instituted at the right time and
restorations may then be avoided.
In New Zealand, the School Dental Service currently provides dental care to
children up to age 12. Radiographic examinations are not part of the routine dental care.
Extrapolating the results of this study to the population of high-caries active children, it
ca.11 be said that in children aged 3-4 years and 7-8 years, nearly 90 % of early carious
lesions may remain 'untreated' preventively because they are not detected. This study,
therefore, stresses the need to consider supplementing the clinical examinations with
radiographic examinations to detect approximal caries even in young children. It also
suggests the need for an investigation of the effectiveness of such an approach within a
public health system.

10

DISTRIBUTION OF CARIOUS LESIONS
It has been reported that dental caries in school-age children today is primarily a
disease of the pits and fissures (Ripa et al., 1988). This study, however, has shown that
in children aged 3-4 years and 7-8 years with high-caries activity the distal surfaces of
the first primary molars were the most affected by caries followed by the mesial surfaces
of the second primary molars and the occlusal surfaces of both the primary molars in that
order. Approximal caries constituted a large proportion of the surfaces affected by caries
in high-caries children aged 3-4 years (46%) and 7-8 years (60%). Stecksen-Blicks and
Wahlin (1983) also found that in a high-caries group of children approximal caries
accounted for 47%- 64% of the total number of carious surfaces. This suggests that
although in populations with low caries prevalence approximal caries is an uncommon
feature, this is not the case in populations with high-caries. This finding in association
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with the fact that the majority of these lesions are confined within the enamel and
remained undetected on clinical examination further stresses the need to supplement
clinical with radiographic examination in young children, especially those with past
caries experience. This would allow for the early institution of preventive care such as
flossing in the presence of early proximal caries.
This study also provided an opportunity to compare the distribution of carious
lesions on the newly erupted second primary molars in high-caries children aged 3-4
years with that on the newly erupted frrst permanent molars in high-caries children aged
7-8 years. There was no significant difference in the proportion of decay on the occlusal
(63%) surfaces between these teeth. However, a significantly higher proportion of
mesial surfaces of the second primary molars (69%) had developed decay soon after
eruption when compared with the mesial surfaces of the first permanent molars (40%).
The distal surfaces of the newly erupted primary and permanent molars were almost free
of caries. This study like many other studies (Ripa et al., 1985; Carvalho et al ., 1989)
indicates that caries on these surfaces may begin soon after eruption and stresses the need
for early placement of sealants on the occlusal surfaces of the molars of children with
high-caries.

11

MONITORING CARIES ACTIVITY
Caries activity is defined as the development of new lesions and the progression
of existing ones. The dmfs/DMFS increment score system has been used to monitor
caries activity in a number of longitudinal studies (Abernathy et al ., 1987: Stamm et al .,
1988). Most of these studies have used information from clinical examinations alone to
record the dmfs/DMFS scores. In addition, different threshold levels have been used to
record decay. Although dmfs/DMFS scores based on clinical and radiographic
examination are able to record the development of new lesions accurately, they are still
not a very sensitive measure of caries progresssion. This is because drnfs/DMFS scores
do not give an indication of the severity of decay. For example if a surface with a white
spot lesion at baseline is given a drnfs/DMFS score of 1 (white spot included as decay) ,
the same surface with frank cavitation at the second examination is again given a
dmfs/DMFS score of 1. The lack of increment in the two dmfs/DMFS scores
underestimates the caries activity of the individual. In fact, not recording the white spot
as decay and treating the surface as sound (dmfs/DMFS=O) at baseline would have
resulted in a better measure of caries activity. However, not recording white spots as
decay would result in underestimation of caries activity on a surface that is sound at
baseline for example and develops a white spot at the second examination.
In this study, the performance of the drnfs/DMFS increment scores, calculated
according to three diagnostic criteria of recording decay clinically and radiographically,
were compared with a transition score system. A major advantage of the latter system
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was that it allowed for transition from one grade of severity of decay to another to be
scored. The assessment of lesion progression or regression was based upon changes in
individual lesions monitored over time rather than from comparisons of pooled data from
the baseline and subsequent examinations. The study demonstrated how each of the three
dmfs/DMFS increment score systems and the transition score system classified children
as low- and high-caries active differently. The cut-off points for classifying children in
the two caries groups also differed in each system.
When compared with the transition score system, the DMFS increment score
system proved to be a coarse measure in recording caries increment. Using the
dmfs/DMFS increment score system, based on epidemiological criteria for recording
decay (early carious lesions not included-Criteria C), 26% of children identified to have
evidence of progression of carious lesions by the transition score system were classified
as being low-caries active. Mis-classification of children into low- and high-caries active
groups may be one reason for the low sensitivity and specificity values obtained in
previous longitudinal caries prediction tests which have used the dmfs/DMFS increment
score system (Abernathy et al ., 1987: Stamm et al ., 1988).
The transition of a lesion from R1 to R2 was given the same weight as
transitions from R2 to R3 or R3 to R4. There is very limited information available on the
average time spent by a lesion at a particular grade of severity. Shaw and Murray (1986)
found that once caries had extended to the inner half of enamel only 20% of lesions
remained in this state after 3 years. Therefore, the transition score system, although
superior to the dmfs/DMFS increment score system, probably still underestimated the
actual amount of progression. Further information on the rate of progression of lesions
from one state to another is required to be able to give a lower or higher weight to a
certain transition.

12

CLASSIFYING CHILDREN INTO LOW AND HIGH CARIES
ACTIVE GROUPS
The definition criteria of high-risk groups have differed in previous studies.
The cut-off point used to classify children as low and high-caries risk children has also
varied. In recent caries-risk assessment studies, children with demonstrated or "true"
high risk to caries have been defined as the 25% of children with the highest dmfs/DMFS
increment (Stamm et al., 1988; Abernathy et al., 1986). This figure stems from the
finding in recent years in industrialised or developed countries, that approximately 60 to
70% of the caries burden falls on roughly 20% of schoolchildren. However, this
criterion for classification of children into low- and high-caries risk groups is applicable
only to large random samples. In other studies a child was considered to be at highcaries risk if the one year dmfs/DMFS increment score was :2: 2 (Stamm et al., 1988).
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Due to a lack of comparable studies using transition scores to classify children as
low- or high-caries, the 1-year drnfs/DMFS increment score, based on epidemiologic
criteria of recording decay (Criteria C), was used as a guideline to determine the cut-off
progression score. Children with a 1-year drnfs/DMFS increment of ~1 were grouped as
low-caries active, and those with;;::: 2 were grouped as high-caries active. Examination of
the progression scores of these children showed that 98% of the children with a
progression score of~ +5 had a drnfs/DMFS increment score of~ 1. This was therefore
chosen as the cut-off point for dividing children into low- or high-caries active groups.
The continuing decline in caries incidence and severity is leading to a situation
where the research question may change from trying to predict those individuals likely to
have high caries increments to one where the challenge is to predict those individuals who
experience any decay at all during a given time period. The "no-caries"/"caries" criterion
would eliminate current debates about how much caries increment in a given time period
actually defmes the high-caries risk individual.
There is some debate as to whether it is more appropriate to report caries
progression data by tooth surface rather than by the mouth of the individual. Some
(Theilade and Birkhed, 1986) have suggested that progression should be reported by
tooth surface as it has been found that the progression rates vary between lesions within
an individual. Others (Powell et al., 1981) are of the opinion that, as individual teeth in
any mouth share the same environmental milieu and the same saliva, they do not provide
independent sources of information. These authors suggest that the proper sampling
units should be mouths and not teeth or lesions. In this study, progression or regression
scores were computed for each surface of each tooth; surface progression or regression
scores were added up separately to give a tooth progression score; progression and
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regression scores obtained for each individual tooth were added up separately to give
mouth progression and regression scores.
Also in this study, only the total progression scores were used to classify
children into low- and high-caries active groups. Some workers (Horowitz et al., 1987)
have suggested that progression and regression scores are equal and that caries activity
that occurs in the interval between two examinations should be expressed as the net
increment; that is progression minus the regression. Due to lack of evidence to prove the
validity of this statement this approach was not used in this study. However, this
approach should be tested in the future.

13

IMAGE ANALYSIS (lA)
To overcome the limitation of direct visual assessment, computer-aided image
analysis (IA) methods were tried in detecting and measuring radiolucencies in approximal
enamel. The computer software developed for this study showed high sensitivity, that is
it was able to accurately detect carious lesions when present. However, the software had
three main drawbacks. Firstly, it failed to reproducibly delineate the lesion boundary,
and therefore measurements of the area, width, and height of the lesion were not
reproducible by duplicate analysis. Secondly, the programme allowed for a maximum
depth of analysis of 0.575 mm. This restricted the measurement of the dimensions of
lesions wider than 0.58 mm. Thirdly, the system had very poor specificity (ie. false
positive diagnoses were high). Several other studies (Marthaller and Germann, 1970;
Purdell-Lewis et al., 1974; Bille and Thylstrup, 1982) have found a similar high
sensitivity but poor specificity of the IA system.
The relatively low specificity of the IA system may not, however, be due to
random error. It is possible that the IA is potentially sensitive enough to detect subtle
demineralisations of the surface enamel that cannot be detected by the human eye. As
pointed out by Pitts (1987) it is not possible to say whether these small radiolucencies are
typical of all teeth. This could be a peculiarity of the pattern of mineralisation of the teeth
of high-caries active children. Another possible cause of false-positive diagnosis with the
sensitive IA method might be the phenomenon of 'proximal burnout' similar to 'cervical
burnout' (Berry, 1982) which could have produced a decrease in intensity on the image.
Some workers (White and Gratt, 1979; Arnold, 1987 a) have found that in radiographs
with higher density, two adjacent teeth seem to have no contact because thinner areas of
the tooth are burned out and appear with a lower density.
Another reason for the failure of the current IA system was the variation in film
density due to reasons described before. Adjustment for the density of films led to
variation in grey level information, thus reducing the accuracy of the system in the
detection of a fall in grey level.
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Further development of the available computer software is required if
reproducible quantitation of radiolucencies in approximal enamel are to be achieved by
computer-aided IA. An automatic means of drawing the outer boundary of the lesion
needs to be developed. Measurement of the dimensions of large lesions can be achieved
by upgrading the memory of the system. A number of rejection criteria in the software
could eliminate some false positive scores. In addition, more quality control measures
are required in developing films if uniform density is to be obtained. If these changes can
be made, the IA system would prove to be a very useful tool in detecting and monitoring
carious lesions longitudinally.

14

EFFECT OF AREA, AGE, AND PAST CARIES EXPERIENCE
ON CARIES ACTIVITY
14 .1 Area of residence and caries activity
In both age groups of children with no-caries at baseline, a
significantly higher number of sound surfaces showed evidence of caries at 12 months in
the NF areas than in the F areas. This suggests that fluoride prevented the development
of detectable caries. However, in the high-caries group of children aged 3-4 years, a
significantly higher number of sound surfaces at baseline showed evidence of R1 (early
reversible) lesions at 12 months in F areas than in NF areas. This finding partly
supports the statement that exposure of a caries-active community to fluoride leads to a
proportional increase in the number of early lesions but a reduction in the number of
cavitations (Bowen, 1991). This may be especially so in younger than in older children
as was the case in this study. This study failed to show any significant differences in the
number of irreversible lesions requiring treatment in the NF and F areas. The
progression of already established enamel lesions was also followed. The percentage of
lesions in the outer half of the enamel at the start of the study that showed progression
was higher, but not significantly so, in the NF than in the F areas in both age groups of
children. Therefore, over a period of 12 months, a significantly higher number of sound
surfaces developed caries in the NF areas as compared to the F areas and there was a
trend for a faster rate of progression of existing lesions in the NF areas as compared to
the F areas. It is possible that the trend for a faster rate of progression of existing lesions
in the NF areas could be significant over a longer period of time than the duration of this
study. This has clinical implications as a slower rate of caries progression leaves time
for prophylactic treatment. This finding supports the benefits of water fluoridation in the
reduction of both the initiation and progression of caries.
The findings of this study suggest that the absence of water
fluoridation results in an increase in the risk of caries activity in children especially in
those with no past caries experience. However, in children with high levels of caries,
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factors other than the presence or absence of fluoride in the water supply probably act to
modify future caries activity.

14.2

Age and caries activity
There was no significant difference in the proportion of sound surfaces
that showed evidence of caries within 12 months in children aged 3-4 and 7-8 years with
no-caries. However, in children with high-caries at baseline, a significantly greater
proportion of surfaces showed evidence of caries activity within 12 months in children
aged 7-8 years when compared with children aged 3-4 years. It is possible that the early
carious lesions that showed progression in children aged 7-8 years may have been
present on the surfaces of the teeth for a longer period of time than those found in
children aged 3-4 years.
14.3

Past caries experience and caries activity
In both age groups of children, the proportion of sound surfaces that
developed caries within 12 months was significantly higher in children with high-caries
activity than in those with low-caries activity. This finding is similar to the findings of
other studies (Erp and Mayer-Jansen, 1970). The results of this study indicate the need
for more frequent recalls in children with past caries experience to allow for early
institution of professional prophylactic measures.

15

DIETARY FLUORIDE INTAKE
15 .1
Duplicate portion approach
In the present study, the duplicate portion technique was used in the
assessment of daily fluoride intake by children. The duplicate portion technique has the
advantage that the nutrient or element is analysed directly without the use of food
consumption tables, which may not include food items actually consumed. This method,
therefore, is considered to be the most accurate way of analysing the nutrient content of
diets (Basiotis et al., 1987; Chowdhury et al., 1990). A longer period (3 to 7 days) of
collection is considered to be more representative of the child's diet than a shorter period
(Abdulla et al., 1979). Duplicate food portions may be collected either on successive
days or intermittently. Although it has been suggested that the two methods might give
different results, there is no evidence to support this (Abdulla et al., 1979). In
continuous sampling, the subject's intake is studied for a longer period, which could
reduce the possibilities of intentional or unintentional changes in food habits due to the
test situation. The discontinuous or intermittent sampling, on the other hand, is easier for
the subject. As it has been suggested (Basiotis et al., 1987) that accuracy of intake
estimates for groups can be achieved by increasing the number of days of food intake
records, discontinuous sampling would appear to be more convenient than continuous
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sampling. In this study, the discontinuous sampling method was used and duplicate
portions of all foods and drinks consumed over 24 hours were collected at intervals of 6
months. This is thought to be even more representative of the individual's diet as it
includes summer and winter foods. It is therefore considered that the large number of
children in each age group has provided a good estimate of the range of fluoride intake of
the population of children in this age group they represented.

15.2

Levels of fluoride intake
There are reports in the literature, mainly from the United States of
America, that suggest that there is now less of a difference in the levels of fluoride intake
in children living in NF and F areas (Leverett, 1982). This is considered to be due to
food items produced in one area being consumed in an area with quite different fluoride
concentrations in water and due to the widespread use of fluoride toothpastes (the 'halo'
effect). However, in the present study, the mean fluoride intake from food and drinks
alone of children resident in the NF areas was less than and nearly half that of their
counterparts in the F areas. Mean fluoride intake from diet and toothpastes combined
was also significantly lower in the NF areas as compared to the F areas. However, some
children resident in NF areas were receiving amounts of fluoride similar to children in F
areas. In addition, the intake of fluoride tablets in the NF areas increased the mean total
fluoride intake to values similar to and even higher than that found in the F areas. This
study stresses the need to identify and determine the amount of all possible sources of
fluoride intake before any form of supplementation is recommended as some children in
the NF areas may already be receiving amounts of fluoride similar to children in the F
areas.
Data on fluoride intake from all sources during the second and third
years of life which could influence the prevalence of dental fluorosis in permanent
anterior teeth and during the fourth to the eighth years of life which could influence the
prevalence of dental fluorosis in permanent posterior teeth are scarce (Newbrun, 1992).
There are also very few studies that have used the duplicate portion approach and
therefore direct comparisons are difficult. In this study, analysis of the duplicate diets
showed that the dietary fluoride intake of children aged 3-4 years in the NF areas ranged
from 0.05 to 0.31 mg F/day (mean=0.15 ± 0.06 mg F/day) and in the F areas ranged
from 0.09-0.70 mg F/day (mean=0.36 ± 0.13 mg F/day). There is only one other report
(Brunetti and Newbrun, 1983) in the literature on the use of the duplicate portion
approach in a group of children of similar age. The authors analysed duplicate diets of 10
children aged 3-4 years resident in F areas of the United States of America. They found
the average dietary fluoride intake to be 0.33 ± 0.14 mg F/day which is very similar to
that found in this study; the range found was not stated. On a daily basis, the mean
dietary fluoride intake of children aged 7-8 years in the F (mean=0.43 ± 0.14 mg F/day)
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and NF (mean=0.23 ± 0.08 mg F/day) areas, in this study, was significantly higher than
in the younger age group of children. There are no comparable studies in children aged
7-8 years.
This study showed that the mean dietary fluoride intake of children
living in the NF areas was on an average approximately 0.20 mg less than that of children
in the F areas. Fluoride supplement dosages in the NF areas, for children aged 2-3 years
and 3-16 years have remained at 0.5 mg/day and 1.0 mg/day respectively in many
countries including New Zealand. This study indicates that these dosages which are
meant to provide an equivalent amount of fluoride to that received by children in the F
areas are probably too high. There is evidence to suggest that dental fluorosis can occur
if excess fluoride is ingested even late in the development of the tooth when the enamel is

in a stage of late secretion or early maturation (Larsen et al., 1985), and it has been
suggested that the dosage schedule for children above 2 years should also be reduced if
fluorosis in the permanent anterior teeth and first molars is to be avoided (Pendrys and
Stamm, 1990).

The results of the present study also suggest that the doses of

supplements should be further reduced. In contrast to fluoride from drinking water and
the diet, which is ingested and absorbed in small doses throughout the day, fluoride
received as supplements is ingested in one dose, which may increase its potential for
inducing fluorosis (Angmar-Mansson et al., 1976; Fejerskov et al ., 1990). With the
better understanding of the local effects of fluoride in saliva in affecting demineralisation
a."'ld rew..ineralisation processes in caries and the widespread use of fluoride toothpastes,
the value of fluoride supplementation as an alternative to water fluoridation is now being
questioned.
Guidelines on the 'optimum' intake of fluoride in children originate
from a 1943 report by McClure. Using crude analytical techniques McClure estimated
that the 'average daily diet' provided no more than 0.05 to 0.07 mg F/kg body
weight/day for children aged 1-12 years. This information later came to be interpreted as
a recommendation by several other workers (Farkas and Farkas, 1974; Forrester and
Schulz, 1974; Ophaugh eta!., 1985). Burt (1992) pointed out that Farkas and Farkas
(1974) had quoted a number of personal opinions and that not all these people were
universally accepted as fluoride experts; that Ophaug et al. (1985) had cited Farkas and
Farkas and Forrester and Schulz; Forrester and Schulz (1974) had cited a source to
which no reference was given. Based on a report by Ekstrand (1989) that the upper limit
of fluoride intake for young children should be around 0.05 mg per 100 kcals (418.4 kJ)
of energy intake, Burt (1992) estimated the fluoride intake of children aged 3 months to 8
years. He estimated the fluoride intake based on lOth and 90th percentiles of body
weights and the recommended energy allowances at each age (Table 57). The estimates
were found to match well with the range of 'optimum' fluoride intake. The author
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Table 57

Daily fluoride allowances for children aged 3 months to 8 years based on
the recommendation of Ekstrand (1989) that children should receive no
more than 0.05 mgF per 100 kcals of energy intake.

Age

lOth and 90th
percentiles of
body weight
(kg)

Energy
Allowances

Upper F
limit

(kcals)

(mg/day)

Range of intake
for lOth and 90th
weight percentiles
(mgF/k:g bw)

A. ESTIMATED BY BURT (1992)
3 mos.

5-7

650

0.33

0.05-0.07

6 mos.

6-9

0.33

0.04-0.06

12 mos.

8-12

650
850

0.43

0.04-0.05

18 mos.

1300

0.65

24 mos.

9-13
10-15

1300

0.65

0.05-0.07
0.04-0.07

30 mos.

11-16

1300

0.65

0.04-0.06

36 mos.

12-17

1300

0.65

4 years

14-20

1800

0.90

0.04-0.05]
0.05-0.06

6 years

17-27

1800

0.90

8 years

22-34

2000

1.00

0.03-0.05]
0.03-0.05

B. CALCULATED BASED ON EKSTRAND'S RECOMMENDATIONS
AND ON THE BODY WEIGHTS AND ENERGY INTAKE OF CHILDREN
FOUND IN THIS STUDY
3-4 years

12-24

1558

0.78

0.03-0.06

7-8 years

20-38

1851

0.93

0.02-0.05

C. MEASURED FROM DUPLICATE DIETS IN THIS STUDY
DIET ALONE
,,
·'
3-4 years
0.70
0.001-0.04
7-8 years
0.81
0.01-0.03
,,
DIET + TOOTHPASTE
3-4 years
7-8 years
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1.31

0.01-0.07

1.04

0.01-0.04

concluded that "despite its dubious genesis, empirical evidence suggests that 0.05-0.07
mg fluoride/kg body weight/day remains a useful upper limit for fluoride intake from all
sources in children". However, the upper limit of fluoride intake in children aged 3-4
years was estimated to range from 0.04 to 0.06 mgF/k:g bw and in children aged 7-8
years was estimated to range from 0.03 to 0.05 mgF/k:g bw. Studies in European
children (Fejerskov et al., 1987) have also suggested a lower threshold level (level
beyond which dental fluorosis may occur) ranging from 0.03 to 0.10 mgF/k:g body
weight.
As shown in Table 57 the fluoride intake of children aged 3-4 years
and 7-8 years, based on their lOth and 90th percentiles of body weights and energy
intakes as determined in this study, were within the range estimated by Burt (1992) for a
similar age group of children. The threshold level of fluoride intake for children with
lower body weights (lOth percentile) was however, lower than that estimated by Burt
(1992). Analysis of duplicate diets showed that the actual levels of dietary fluoride intake
were even lower. This study like that of Fejerskov et al. (1987) suggests that the
threshold level (level beyond which dental fluorosis may occur) of fluoride intake from
diet alone may be lower than previously estimated. However, fluoride intake from diet
and toothpaste resulted in the recommended upper limit of intake being exceeded in some
children aged 3-4 years. In the NF areas, the use ofF tablets by children whose intake of
fluoride from diet and toothpaste was at the upper end of the range, would have caused
the recommended 'optimal' intake to be exceeded. This study further shows the
importance of a comprehensive fluoride history to determine all possible sources of
fluoride intake before any form of fluoride supplementation is recommended during the
period of tooth development in young children. Further long term studies relating
fluoride intake with caries and fluorosis are required to determine accurately the threshold
levels for fluoride intake.

15.3

Fluoride intake from diet alone in children with low- and
high-caries activity
In the present study no significant differences were found in the
mean fluoride intake of low- and high-caries active children resident in the NF areas.
Similarly, the mean fluoride intake of low- and high-caries active children aged 3-4 years
in the F areas was not significantly different. However, in the F areas, the dietary
fluoride intake of children aged 7-8 years with high-caries activity was significantly
higher than that of children with low-caries activity (Figure lla).
On further examination a significant positive correlation (p<O.OOl)
was found between the intake of fluoride and water in the low- and high-caries active
groups of children aged 3-4 years in the F areas but not in children aged 7-8 years. In
children aged 7-8 years, a significant (p<O.OOl) negative correlation was found between
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the intake of fluoride and fructose (derived mainly from fruit juices and fruits) only in the
high-caries active group of children in the F areas. Researchers in developed countries
have found that as alternatives to water, children today, drink other fluids or beverages
which may contain lower, similar, or even higher levels of fluoride than fluoridated water
(MacFadyen et al., 1982; Hattab and Wei, 1988; Clovis and Hargreaves, 1988). The
lack of a positive correlation between fluoride intake and water intake in children aged 7-8
years, and the negative correlation found between fluoride intake and fructose intake in
the high-caries active group suggests the substitution of water with possibly fruit juices in
this group of children. It is therefore suggested that the intake of drinks containing
fructose may have overridden a potential benefit of drinking water containing fluoride.
Information on the sources of fluid intake in different age groups of children in New
Zealand is lacking and needs to be obtained.
A number of studies have found that high-caries active children have
a more frequent intake of sugar and sugar-containing foods and beverages (KleemolaKujala and Raslinen, 1979). Some of these food items have been found to contain high
levels of fluoride (Lopez and N avia, 1988). It is therefore postulated that diets containing
high levels of dietary sugars may also contain high levels of fluoride. Theilade and
Birkhed (1986) stated that even if the presence of some foods in the diet can reduce the
risk of dental caries, their protective power could be limited if the diet also contains large
amounts of fermentable sugars. On the other hand, in vitro and in vivo studies have
shown that fluoride administered at the time of a drop in salivary pH or in the presence of
cariogenic challenge has a greater effect in preventing demineralisation than when
administered when the salivary pH is higher (Koulourides et al., 1974). This
observation has led to the proposal of incorporating fluoride in sugar and sugar products
to reduce the cariogenicity of these foods (Luoma, 1985). The threshold level for the
presence of sugar and fluoride beyond which the effect of one or the other is more
dominant is not known in humans and needs further investigation. The results of the
present study indicate that in high-caries active children aged 7-8 years the level of
fluoride present in the diets was of limited value in reducing the caries activity.
Although there are several reports on the associations between
carbohydrate intake and caries activity, there are no reports of studies that have examined
the association between dietary fluoride intake and caries activity longitudinally. In a
cross-sectional study, Schamschula et al. (1988 b) examined the levels of dietary fluoride
intake in children aged 14 years exposed to different levels of fluoride. They reported a
significant inverse association between caries prevalence and daily fluoride intake from
the diet and from solid foods, beverages, and water, separately. However, being crosssectional in design this study does not indicate whether fluoride intake effected the
development and progression of caries. More longitudinal studies are required to
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determine if the diets of caries-active children show a direct correlation between the total
sugar and fluoride contents.

15.3

Fluoride intake from diet and toothpaste in children with
low- and high-caries activity
When the intake of fluoride from toothpaste was added to the dietary
fluoride intake, there was no longer a significant difference in the daily fluoride intake of
children aged 7-8 years with low- and high-caries activity (Figure llb). However, the
mean fluoride intake from diet and toothpaste of children aged 3-4 years with low-caries
activity was found to be significantly (0.005<p<0.01) higher than those of a similar age
group of children with high-caries activity. This was seen only in the F areas. Children
aged 3-4 years were found to swallow relatively higher amounts of toothpaste than older
age groups of children. Also, on an average, children resident in the F areas received
higher amounts of fluoride from the diet than children resident in the NF areas.
Therefore, it was expected that children aged 3-4 years in the F areas would receive
higher amounts of fluoride from diet and toothpaste than any other group. The finding
that low-caries active children aged 3-4 years in the F areas had a significantly higher
level of fluoride intake from diet and toothpaste than their counterparts with high-caries
activity suggests that fluoridated toothpastes in addition to fluoride in the diet may be
exerting a significant effect on caries activity in younger rather than older age groups of
children.
16

COMPUTER ANALYSIS OF DIET RECORDS
Analysis of the intake of nutrients other than fluoride was done by processing
data from diet records using the computer version of food composition tables. The food
composition table provided information on the nutrient content of 1250 food items which
were grouped under 24 main food groups. Nearly 100% of each of these food groups
had been analysed for their nutrient content. In the notes for users of the database it is
stated '... very few foods have a constant composition and the mean values presented in
these tables do not necessarily imply that individual food samples will have the same
values'. Thus the tables only provide an estimate of the nutrient composition of foods as
consumed.
Moreover, to a large extent, the data on which these tables are based
have been obtained from overseas sources. The data base used in this study (1991
version) had nutrient composition on only 30% of New Zealand foods; the rest being
mainly from Britain. These food compositions present difficulties as there are differences
in nutrient composition in foods available in different countries. The objective of the
DSIR is to eventually provide composition data for New Zealand foods for the calculation
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of intakes of nutrients by New Zealanders. These food tables are therefore under
continuous revision as new data become available.
In a recent independent study in New Zealand, the nutrient intake of
children aged 3-4 years was determined using an older version of the DSIR's food
database (McMahon, 1990). In that version, the food composition table provided
information on the nutrient content of only 976 instead of on the 1250 food items
currently available. There was a considerable amount of missing data and not all food
groups had been analysed for their nutrient content. Nevertheless, the results on the
nutrient intake of children aged 3-4 years, resident in F and NF areas of Dunedin, in the
present study compared well with that of McMahon's study (1990) in which children
from F areas of Dunedin and Invercargill were selected. The intake of some nutrients
was lower in McMahon's study and could be explained by the less complete nature of the
database used in that study. The data base can therefore be said to be reliable and to have
provided a relatively good estimate of the nutrient composition of the diets of children.

17

FLUORIDE CONTENT AND FLOW RATE OF SALIVA
17.1
Measurement of fluoride levels in saliva
The low levels of fluoride in saliva are close to the limit of detection
by the fluoride electrode. Although the fluoride electrode can measure down to 0.02
ppm, the response becomes non-linear when low (<0.4 ppm) concentrations are
measured (Orion Instruction Manual, 1988). The standard addition method was used in
this study to overcome the problem of measuring low levels of fluoride. However,
analyses were very slow. A calibration time of 35 to 40 minutes was required per
reading to obtain stable readings. More efficient methods need to be developed in the
measurement of low levels of fluoride.
17.2

F content of saliva as a reflection of F intake
Ideally the exact relationship between fluoride intake and F content
of saliva can be determined only if saliva is collected over a period of time after each
meal. This is because salivary fluoride concentrations rise and fall with serum fluoride
levels giving rise to fluctuations in concentrations throughout the day (Geddes and Rolla,
1988). Because of the large population size, and ages of the children it was not practical
to collect saliva after each meal. An attempt was made to relate the F content of fasting
saliva with the previous day's fluoride intake to determine the carry-over effect.
However, true fasting saliva is difficult to collect from young children as this involves an
overnight fast and an early morning appointment. In this study, saliva was collected in
the morning between 9 am and 12 noon, 2 hours after consumption of a low-fluoride
containing breakfast. Ingestion of 250 to 500 g of breakfast was estimated to contribute
approximately 0.005 to 0.01 mg of F. Oliveby et al. (1989) found that following the
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ingestion of 1 mg of NaF, 0.015

~g/ml

of fluoride was excreted in stimulated whole

saliva after 2 hours. Using these figures it can be calculated that following the ingestion
of breakfast, which contributed 0.01 mg ofF, only 0.00015

~g/ml

of fluoride would be

excreted in the whole saliva. The mean value of fluoride found in mixed saliva was 0.03
~g/ml. Therefore, it is concluded that the low-fluoride breakfast did not significantly
alter the F content of fasting saliva and that any residual effect of the breakfast would
have disappeared in 2 hours. In spite of the significant differences in the intake of dietary
fluoride in the F and NF areas no relationship was found between the fluoride content of
fasting saliva and the previous day's fluoride intake. It is possible that the time elapsed
between the last meal and the timing of collection was too long to show any differences.
Also, the use of toothpastes would have reduced the differences, if any, in salivary
fluoride levels of children living in F and NF areas.

Some studies have found

significantly higher levels of fluoride in the saliva of children resident in F areas as
compared to the NF areas (Bruun and Thylstrup, 1984; Oliveby et al., 1990), while
others have not found any differences (Shields et al., 1987). When stated, the methods
and timing of collection in these studies have differed. In this study no significant
differences were found in the fluoride content of the saliva of children resident in F and
NF areas.

17.3

Stimulated versus unstimulated saliva
In this study, stimulated saliva was collected. The caries process
occurs during and immediately following the intake of cariogenic foods (Tenovuo,
1981). During this period, the secretion is stimulated, and it can therefore be argued that
stimulated rather than unstimulated saliva should be studied. The other reason for
collecting stimulated saliva was one of practicality. The pilot study showed that children,
specially in the younger age group, were willing to cooperate for 10 or 15 minutes after
which they became restless making collection of saliva very difficult. On an average
about 12 to 13 minutes were required before a sufficient volume of even stimulated saliva
could be collected; the collection of unstimulated saliva was even slower.

18

USE AND INGESTION OF TOOTHPASTE
In this study, fluoridated toothpastes were being used by all but one child. The
amount of toothpaste used per brushing by the 66 children aged 3-4 years ranged from
0.13 g to 1.48 g/day (mean 0.58; SD, 0.29) and by the 69 children aged 7-8 years
ranged from 0.12 to as high as 2.17 g/day (mean 0.64; SD, 0.40). Several other studies
have reported that the mean amount of toothpaste used per brushing by children aged less
than 6 years varies from 0.55 g to 1.38 g (Hargreaves et al., 1972; Barnhart et al.,
1974).
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Several studies have reported that ingestion of dentifrice following brushing is a
common practice in children, that the amount ingested is inversely related to age and
directly related to the amount applied to the toothbrush (Glass et al., 1975). In this study
as well, the amount of toothpaste ingested was found to be inversely related to age and
directly related to the amount of toothpaste used. The ingestion of dentifrice by children,
in previous studies, has been found to range from 0 to 100 percent (Whitford, 1987). In
this study, the ingestion of toothpaste by children aged 3-4 years ranged from 0 to 87%
(mean 64%) and by children aged 7-8 years ranged from 0 to 78% (mean 59%).
In children aged 3-4 years, the mean fluoride intake from toothpaste was
measured to be 0.33 mg/day. This was twice as high as the mean fluoride intake from
food and drinks alone in the NF areas (0.15 mg/day) and almost similar to the mean
fluoride intake from food and drinks alone in the F areas (0.36 mg/day). In children aged
7-8 years, the mean fluoride intake from toothpaste was measured to be 0.25 mg/day.
This was almost similar to the mean fluoride intake from food and drinks alone in the NF
areas (0.23 mg/day) but less than the mean fluoride intake from food and drinks alone in
the F areas (0.43 mg/day). These results show that toothpastes alone can provide levels
of fluoride intake equivalent to those derived from food and drinks specially in the
younger age group of children. · This must be taken into account when making
recommendations for the use of any fluoride therapy in young children.

19

BIVARIATE ASSOCIATIONS BETWEEN INDEPENDENT
VARIABLES AND CARIES ACTIVITY
A number of studies attempting to identify risk factors, have been crosssectional in design (Klock and Krasse, 1979). In cross-sectional studies, data obtained
on the independent variables measured at a point in time are related with the caries data
which is the total caries experience accumulated over years. The few studies that have
been longitudinal in design have focused either on only one risk factor at a time, or have
measured multiple potential risk factors but analysed their effects in isolation. Attempts
to establish a direct relationship between caries activity and the independent variables
without taking into account other variables has not been very successful in these
longitudinal studies (Klock and Krasse, 1979; Sreebny, 1984). In addition, most of
these studies as well as recent caries risk assessment studies that have used multivariate
methods of analysis (Abernathy et al. , 1987; Stamm et al. , 1991) have used the
drnfs/DMFS increment score system to monitor caries activity. The drnfs/DMFS score
system has been shown to be a crude measure of recording caries. These studies have
not been very successful in identifying risk factors other than past caries experience.
The present study was longitudinal in design, caries activity was monitored with
a more sensitive measure using a transition score system, 99 independent variables were
examined longitudinally, and bivariate and multivariate analyses were undertaken to
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identify risk factors. Bivariate examinations alone were able to identify several risk
factors other than past caries-experience. Bivariate examinations showed that children
aged 7-8 years were more caries-active than children aged 3-4 years; children of both age
groups living in NF areas developed more decay than those living in F areas. In children
aged 3-4 years, intake of cariogenic foods at bedtime, a past history of frequent use of
syrup-based medications, and a lower socio-economic class were associated with highcaries activity. In addition, the fluoride intake from diet and toothpaste of low-caries
active children aged 3-4 years was found to be significantly higher than that of highcaries active children in the F areas. In children aged 7-8 years, parental assistance with
toothbrushing, and the use of fluoride tablets was associated with low-caries activity. In
this age group of children the fluoride intake from diet alone of low-caries active children
was found to be significantly lower than that of high-caries active children in the F areas.
Bivariate examinations failed to show any significant association between the
intake of nutrients other than fluoride and caries activity or even between the frequency of
intake of any of the foods and caries activity. However, multivariate examinations
showed a significant association between the intake of some nutrients and caries activity.
This reflects the multifactorial nature of caries and the need for multivariate methods in
assessing the effects of some independent variables on caries activity.
When children were classified as low- and high-caries active using dmfs/DMFS
increment scores, bivariate examinations failed to identify any of the above variables,
other than past caries experience, to have an association with caries activity. This study
clearly demonstrates the limitations of the use of dmfs/DMFS increment score systems in
correctly classifying children into low- and high-caries active groups and supports the use
of transition scores such as those used in the present study.

20

MULTIVARIATE ASSOCIATIONS BETWEEN INDEPENDENT
VARIABLES AND CARIES ACTIVITY
Since caries is a multifactorial disease, it is necessary to develop models that
consider the effect of a number of potential risk factors simultaneously. The
measurement of all possible determinants of a multifactorial disease such as caries is
extremely difficult. In this study, 99 independent variables including dietary, nutritional,
salivary, oral hygiene, socio-economic, and demographic factors, and exposure to
fluoride were examined longitudinally. In addition to the predictor variables identified by
bivariate examination to have a significant influence on caries activity, multivariate
logistic regression analyses identified several additional risk factors.
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Multiple logistic regression analyses
Multiple logistic regression analyses permits the evaluation of each
of the independent or explanatory variables in a setting where the roles of others are taken
into account. The use of logistic regression for risk assessment purposes is
straightforward when the number of explanatory variables is small and the sample size is
sufficiently large that all of the explanatory variables can be included in the model. In
other situations, some judgement is needed for the specification of which explanatory
variables to include. One criterion for model development is to force the inclusion of a
subset of variables that are anticipated to have strong relationships with the response
variable on the basis of previous studies or biological theories. Stepwise regression
methods are then used to determine the additional variables to include after adjustment for
all previously included explanatory variables. This method of forced entry followed by
stepwise regression analysis was used in this study to evaluate the effect of multiple

20.1

factors on caries activity.

Identification of risk factors
Multivariate logistic regression analyses identified different sets of
risk factors in the two age groups of children. In both age groups of children past caries
experience was found to be the best predictor of future caries experience. This was
expected as the study population comprised children with no-caries and with high-caries
at baseline. Therefore, this predictor variable was not included in the multivariate logistic
regression analyses.
Besides past caries experience, in children aged 3-4 years, the
frequent intake of syrupy medications during the study, and an increased intake of niacin,
fat, and sucrose significantly increased the risk of caries; the intake of maltose and milk
drinks with Horlicks, Milo, Ovaltine, or Quik significantly reduced the risk. Each of
these variables had a significant effect on caries activity only in combination with the
other variables identified in the model. One of the main sources of maltose was identified
as being powders such as Horlicks, Milo, Ovaltine, and Quik. Therefore, it is possible
that milk per se , to which was added powders such as Horlicks, Milo, Ovaltine, or Quik
was the protective factor. Milk is considered to have a non-cariogenic and even
anticariogenic because of the presence of calcium, phosphate, protein, and lipids (Jenkins
and Ferguson, 1966; Reynolds and Johnson, 1981). Children with high-caries activity
derived a relatively higher proportion of niacin from fast foods such as potato chips and
miscellaneous foods which include spreads such as vegemite and marmite used on bread.

20.2

Both potato chips and bread are caries promoting because of their fermentable
carbohydrate content . This could explain why caries-activity was higher in children with
higher levels of intake of niacin and miscellaneous foods. Bivariate examination had
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revealed a significant association between the frequent intake of medications in the past
and caries activity; multivariate examination revealed a significant association between
the frequent intake of medications during the study and caries activity. It is possible that
in the presence of other variables, the frequent use of medications in the past is not as
significant a risk factor as the current use of medication. In this study the main reason for
taking medications was the presence of asthma. Most of these medications available for
use by children in New Zealand, are sugar based syrups. A number of studies have
found that children who frequently take sugar-based syrups have a much higher level of
caries experience than a similar aged control group (Roberts and Roberts, 1979; Feigal
and Jensen, 1982). In addition, asthma medications contain B-agonists which has been
found to lower the concentration of protein and amylase in saliva and also to increase
caries prevalence (Ryberg et al. , 1989). It can therefore be concluded that the frequent
intake of syrup-based medications, which probably were sugar-based, and the
composition of the medications may have both affected caries activity. The two other
variables identified by bivariate analyses namely intake of cariogenic foods at bedtime,
and socio-economic class were not identified in the multivariate analyses. This is
probably because, in the presence of other dominating factors such as those identified in
the multivariate analyses, these variables did not have a significant effect on caries
activity.
In children aged 7-8 years, the absence of water fluoridation and the
intake of cariogenic foods at bedtime significantly increased the risk of caries. The
increased intake of fluoride from food and drinks in the NF areas, the increased flow rate
of mixed saliva, and the increased amount of intake of Vitamin B6, fat, and sucrose
significantly reduced the risk. In the presence of the other variables, residence in a nonfluoridated area increased the risk factor by 1,454 times and was the greatest risk factor in
children aged 7-8 years. This was however, not the case in the younger age group of
children. Bivariate analysis had however shown that water fluoridation had a significant
effect in reducing caries activity in both age groups of children. One of the reasons for
this could be that in younger age groups of children, where the diet is very much under
control of the parent, any variations in dietary factors alone may significantly influence
caries activity with or without the presence of water fluoridation. However, as individual
preferences for food develop with age, the dietary patterns of similar age groups of older
children vary widely. In such a situation, it is possible that dietary factors interact with
other factors, such as the availability of fluoride in the oral environment and flow rate of
saliva as found in this study, to influence caries activity. Another reason could lie in the
method of selection of the study population. The older age group of high-caries children
in this study had at least twice as many early carious lesions than the younger age group
of high-caries children. One of the topical effects of fluoride is to facilitate the
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remineralisation of the early carious lesion. This could explain why absence of water
fluoridation in the presence of other factors was a very dominating factor in increasing the
risk of caries activity only in children aged 7-8 years. This study refutes the claim that
water fluoridation is no longer useful as topical methods of fluoride administration such
as toothpastes are widely available and as the incidence of caries has fallen in both NF
and F areas. The results of this study clearly show that the use of toothpastes alone
would not reduce caries activity as effectively, especially early carious lesions.
However, higher levels of fluoride intake from diet and toothpastes by children aged 3-4
years, but not 7-8 years, was found on bivariate examination to be significantly
associated with low caries activity only in the F areas. This suggests that younger age
groups of children resident in the F areas may be receiving some protective benefits of
fluoride derived from toothpastes and diets.
None of the other variables had shown any association with caries
activity in the bivariate examinations. Fats per se seem to reduce the cariogenicity of
foods, but it is not clear how and to what extent. Certain fatty acids with antimicrobial
effects have been shown to inhibit glycolysis in human dental plaque (Hayes, 1981).
Fatty acids added to a high sucrose diet have been found to cause a reduction in caries in
animals (Williams et al.,1982; Lynch et al., 1983). Pyridoxine (vitamin B6) added to
experimental diets of rats had an effect in reducing caries but this effect was not seen in
monkeys (Cole et al., 1980). Vitamin B6 added to lozenges in human studies, have been
found by some workers to show anticaries activity (Theilade and Birkhed, 1986). Some
of the main sources of Vitamin B6 in this study population were cereals and Marmite.
Children aged 7-8 years with low-caries activity, in this study, derived a higher
proportion of Vitamin B6 from dairy products.
The finding that in children aged 3-4 years, the increased amount of
intake of fat and sucrose significantly increased the risk of caries, yet in children aged 7-8
years the increased amount of intake of fat and sucrose was significantly associated with
a reduced risk was further investigated. The sources of fat and sucrose in these two age
groups were found to be different. Children aged 3 4 years with high-caries activity
derived a greater proportion of fat from bakery products, fast foods, and snack foods;
children aged 7-8 years with low-caries activity derived a greater proportion of fat from
dairy products. Similarly, it was found that children aged 3 4 years with high-caries
activity derived a greater proportion of sucrose from bakery products while children aged
7-8 years with low-caries activity derived a greater proportion of sucrose from dairy
products. This suggested that food items contributing to the fat and sucrose intake were
affecting caries activity and not the intake of fat or sucrose per se .
The comparison of the findings in this study with other caries-risk
assessment studies is difficult for the following reasons: different age groups of children
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or adults have been examined for varying periods of time; the caries prevalence in the
populations studied has been different; the crude measure of dmfs/DMFS to record caries
increment over time has been used in these studies; the cut-off point used to defme a
screening test as positive has differed; the predictors (independent variables) used have
differed; the definition criterion of the high-risk group has also been different; dental
treatment may or may not have been available during the study; the methods of statistical
analysis have varied; studies may or may not have reported sensitivity, specificity, and
predictive values of the test.
Another application of caries risk assessment modelling is to
monitor caries initiation and several independent variables in completely caries-free
children at baseline. This would provide a great deal more information about the risk
factors that lead to caries initiation. Due to small numbers of caries-free children in this
study who developed caries after 12 months this approach could not be investigated
reliably in the present study.

20.3

Validity of prediction tests
Stamm et al. (1988) stated that to be useful, a working cariesprediction model should produce a sensitivity (proportion of observed or true highdisease-formers who are correctly predicted to be at high risk) level of0.75 or higher and
specificity (proportion of observed or true low-disease-formers who are correctly
predicted to be at low disease risk) level of 0.85 or higher.
In this study, the sensitivity and specificity of the prediction models,
excluding the highly significant predictor variable of past caries experience, in each age
group was determined. Using transition scores to classify children into low- and highcaries active groups, the model developed in children aged 3-4 years yielded a sensitivity
value of 0.87 and the model developed in children aged 7-8 years yielded a value of 0.97.
This is in excess of the recommended levels for a model to be sensitive in predicting
caries. Specificity values of 0.74 in children aged 3-4 years and 0.71 in children aged 78 years were obtained, lower than that recommended for model specificity. Therefore the
use of transition scores in this study resulted in high sensitivity but lower specificity
values than those recommended by Stamm et al. (1988). Results from a non-random
sample such as the one in this study, should be viewed as tentative until confirmed
sufficiently by other studies.
Although direct comparisons cannot be made, recent caries-risk
assessment studies using dmfs/DMFS increment scores to classify children as low- and
high-caries have yielded very low sensitivity values ranging from 0.48 to 0.68, and
higher specificity values ranging from 0.77 to 0.80 (Abernathy et al., 1987; Stamm et
al., 1988). In the present study, prediction models using dmfs/DMFS increment scores
also yielded the same trend in lower sensitivity (0.54 in children aged 3-4 years; 0.63 in
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children aged 7-8 years) as compared to the specificity values (0.79 in both age groups of
children).
The comparisons of the sensitivity and specificity of the prediction
models obtained in this study from the use of transition scores and dmfs/DMFS
increment scores clearly demonstrate the superior ability of the transition scores to
correctly classify children as low- and high-caries active children. Low sensitivity means
that some of the children at high-risk are not identified and do not receive the required
care. Low specificity on the other hand may overburden a caries-preventive program.
Sensitivity and specificity are usually inversely related, so that increasing one will
generally decrease the other. This implies that a caries-risk assessment must make some
trade-offs, weighing the direct health-related disadvantages of false negatives against the
resource-related disadvantages of false positives. The price paid for the superior
sensitivity obtained by the transition score system in this study is the greater number of
false positives . However, where resources are available, the health-related advantages
of being able to correctly predict children at risk (higher sensitivity) may be more
important from a preventive point of view.
The results of multivariate analyses were used to make conclusions
concerning explanatory variables. However, even this had its limitations, because all the
variance could not be explained since all the explanatory variables were not measured. It
is possible that the inclusion of a number of biochemical and microbiological predictors
related to salivary components such as salivary pH, S. mutans and Lactobacilli counts in
saliva, could have increased the sensitivity and/or specificity of the model. However, the
measurement of all possible determinants of caries is not possible; only those variables
that were available for measurement within the framework of this study were examined.
Nevertheless significant risk factors were identified, and high sensitivity and specificity
values for prediction models were obtained.
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CONCLUSIONS
1. Epidemiological criteria for recording dmfs/DMFS resulted in a gross
underestimation of the prevalence of caries as it did not include early carious lesions as
decay.
2. The dmfs/DMFS increment score system was found to be a less sensitive
measure of monitoring caries activity longitudinally as it gave no indication of the
progression of individual carious lesions from one stage to another.
3. Clinical examinations alone failed to detect a majority of interproximal lesions.
4. The total daily fluoride intake from diet and toothpaste in the majority of
children was significantly lower in the NF than in the F areas. However, some children
in the NF areas received similar and sometimes even higher levels of fluoride than
children in the F areas.
5. Evidence from this study suggested that the current recommended dosages of
fluoride supplements for children aged from 3 to 8 years was too high
6. Unlike in other studies, bivariate tests alone in this study identified several
variables to have a significant association with caries activity. This was probably because
of the longitudinal measurement of caries activity and independent variables, and the use
of a more sensitive transition score system in monitoring the caries activity. Multivariate
tests showed several risk factors not identified by bivariate tests; it also did not include
some factors identified by bivariate tests.
7. Bivariate examinations showed that children aged 7-8 years were more cariesactive than children aged 3-4 years and that children of both age groups living in NF
areas developed more decay than those living in the F areas.
8. Factors identified by the two tests to be associated with high-caries activity (risk
factors) in children aged 3-4 years were past caries experience; intake of cariogenic foods
at bedtime; frequent use of medications; lower socio-economic class; increased intake of
niacin derived from fast foods; increased intake of fat derived from bakery products, fast
foods, and snack foods; and increased intake of sucrose derived from bakery products.
Factors identified to be associated with low-caries activity (protective factors) in
children aged 3-4 years were higher levels of fluoride intake from diet and toothpaste;
and an increased intake of maltose derived from flavoured milk drinks.
9. Factors identified by the two tests to be associated with high-caries activity (risk
factors) in children aged 7-8 years were past caries experience; lower levels of fluoride
intake from diet and toothpaste; intake of cariogenic foods at bedtime; and absence of
water fluoridation;
Factors identified to be associated with low-caries activity (protective factors) in
children aged 7-8 years were parental assistance with brushing; increased intake of
fluoride from food and drinks in the NF areas; increased intake of fat and sucrose from
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dairy products; increased intake of Vitamin B6 from cereals; and an increased flow rate
of mixed saliva.
10. The caries prediction models developed in this study had a sensitivity level
(0.87 and 0.97 in children aged 3-4 and 7-8 years respectively) in excess of the
recommended level of 0.7 5. This indicated that the combination of risk factors identified
were suitable to predict which children would show high-caries activity in the future.
However, specificity levels were slightly lower (0.74 and 0.71 in children aged 3-4 and
7-8 years respectively) than the recommended levels of 0.85 indicating that all the factors
that predicted which children would remain caries-free were not identified.

RECOMMENDATIONS
1. Given an environment of low prevalence of frank cavitation but an increasing

number of white spot lesions, the exclusion of early carious lesions in the dmfs/DMFS
scores is no longer appropriate not only in prevalence studies but also in the identification
of high-caries active children. However, even if all stages of the carious lesion are
included the total dmfs/DMFS scores give no indication of the severity of decay. It is
therefore suggested that early stages of decay be reported separately from frank
cavitations which would give a better indication of not only the presence of carious
lesions but also the severity of decay.
2. The transition score system is a more sensitive measure of caries activity than
the dmfs/DMFS increment score system and is recommended. The computer programme
which automatically provides these scores could be adapted for routine clinical use in
monitoring lesions..
3. Image analysis would increase the sensitivity of diagnosing and monitoring
caries activity even further and current software should be developed further for future
use.
4. Clinical examinations should be supplemented with radiographic examinations
even in children as young as 3-4 years especially if they have had some past caries
experience.
5. Current recommended dosages of fluoride supplements for children aged from
3 to 8 years is too high and needs to be reduced. All sources of fluoride intake should be
investigated before making any recommendations for use of fluoride supplements to
children in NF areas.
6. Longitudinal studies aimed at identifying risk factors only in that group of
children with no caries at baseline are required if the specificity of caries prediction
models is to be improved.
7. The caries prediction models developed in this study should. be tested on a
larger population to validate the sensitivity and specificity levels obtained in this study.
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Appendix 1

Copy of the letter of ethical approval from the Otago Area Health Board
Ethical Committee.

OAHB 216 RMcB
00001207

THE OTAGO AREA HEALTH BOARD
PRIVATE BAG, DUNEDIN, NEW ZEALAND

ca

Telephone: (024) 740-999
Telex: NZ 5706
Facsimile: (024) 776-863

ETHICAL COMMITTEE

7 June 1989

Miss N G Chowdhury
Department of Community Dental .Health
Dental School
PO Box 647
DUNEDIN

Dear Miss Chowdhury
Miss N G Chowdhury, Professor A C Smillie, Dr Drummond - "Determination of
daily fluoride intake in children and the relationship of systemic intake
and topical fluoride use to caries progression"
At the recent meeting of the Ethical Committee the above protocol was
approved.
The Committee requested that the verbal and written information is also to
be given to the children involved.

j· ...

This approval is, of course, subject to final confirmation by the Board, at
its next meeting, of the Ethical Committee's recommendation.
You will be
advised immediately after that date if the Board does not accept the
decision of the Ethical Committee.
You will, of course, advise the Committee on the completion of your study,
or of any decision not to complete it.
Yours sincerely

qvJqf{fl
. Gwennyth Taylor (Mrs)
. ACTING CHAIRPERSON

/
,/

270

Appendix2

Sample of the letter to the parents explaining the nature, requirements,
benefits, and duration of the study

Dear Parent
With the approval of the Otago Area Health Board's Ethical Committee and the School
; Dental Programme, we are planning a study to fmd out whether there is any difference in
the fluoride content of the diet and saliva of children who are free from dental decay and
those who have dental decay. It has been suggested that the presence of fluoride in
saliva, from food and drinks and/or the use of fluoridated toothpaste, can bring about
repair in early decay. However, it is not known how much fluoride is needed. The
anticipated benefit of this study is that we may be able to use the right amounts of fluoride
at a time when early decay can be stopped without having to fill the teeth.

We would like
to take part in this study. At first we will examine
----,-----=-=-for dental decay and take radiographs (X-rays) to look for early decay in
the molars. You would need to do the following things: (i) Collect duplicate portions of
all food and drink that
has in one 24 hour period and keep a record of
the approximate quantity and the type of food eaten and (ii) Bring
to the
dental school, to enable us to collect two samples of saliva before and after brushing with
a fluoridated toothpaste. Following this initial appointment
will be
examined again for dental caries after 6 months and 12 months to find out if the
previously detected early decay has become smaller or larger or if any further decay has
started.

All information will remain confidential. If, however, it is found that _ _ _ _ __
requires dental treatment, then all information about the treatment needed will be made
available to his/her School Dental Nurse. You will be reimbursed for the food samples
you provide and for travelling expenses to come to the School of Dentistry. Participation
in this study is voluntary. You may withdraw from the study at any time and this will not
prejudice any treatment required at the School of Dentistry. We shall be happy to provide
you with the results of the study. We would much appreciate your help in this project
which we want to carry out from February 1990 - February 1991. If you have any
questions regarding this study please do not hesitate to contact Miss Nupur Chowdhury
at 79 7077. Miss Nupur Chowdhury will contact you to make an appointment to
describe the study in detail if you agree to take part.
Thanking you

Yours sincerely
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Appendix 3

Sample of the consent form.

FLUORIDE CONTENT OF DIET AND SALIVA
AND THE RELATIONSHIP TO CARIES PROGRESSION

CONSENT FORM
I

and my son/daughter

agree to take part in

the study. I understand that the study involves the preparation and collection of duplicate
portions of everything that

eats or drinks over a 24 hour period,

keeping a dietary record simultaneously, reporting to the dental school for a clinical and
radiographic dental examination of

teeth, and for the collection of

saliva before and after brushing

teeth with a toothpaste. I also

understand that these procedures will be repeated after 6 months and after 12 months and
that I can withdraw at any time during the study period.

I do/ do not wish to have information about needed dental treatment made available to:
School Dental Nurse
Family Dentist

SIGNATURE

NAME

DATE

ADDRESS

PHONE NO
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Appendix4

Clinical dental examination scores and a sample of the chart used for
recording data from each quadrant

CODES FOR THE FIRST COLUMN
Cfooth-TI
Primary tooth
1
Permanent tooth
2
Primary tooth missing due to caries
3
Permanent tooth missing due to caries
4
Primary missing-reasons other than caries
5
Permanent missing-reasons other than caries
6
Abscessed primary tooth
7
Crowned primary tooth
8
CODES FOR THE FIVE SURFACES
(Occlusal-0, Mesial-M, Distal-D, Buccal-Band Lingual-L)
Sound
0
White spots
1
Surface discolourations
2
Carious cavitation
3
Lost filling from cavity
4
Filled and non-carious
6
Filled and carious
7
Sealed surface
8
Secondary caries treated
9

CODE No

5

SEX

6

CELL

7
8

CARD. No

(T)

0

M

9

D

B

L

61

21

10

15

62

22

16

21

63

23

22

27

64

24

28

33

65

25
26

341
40

IIIII
273

139
45

Appendix5

Radiographic dental examination scores and a sample of the chart used
for recording data from each quadrant

CODES FOR THE FIRST COLUMN
Cfooth-TI
Primary tooth
Permanent tooth
Primary tooth missing due to caries
Primary carious with root resorbtion
Primary missing-reasons other than caries
Primary carious with bifurcation involvement
Primary carious and abscessed
Tooth missing from film
CODES FOR THE THREE SURF ACES
(Occlusal-0, Mesial-M, and Distal-D)
Sound surface
Radiolucency in outer half of enamel (R1)
Radiolucency in inner half of enamel (R2)
Radiolucency in outer half of dentine (R3)
Radiolucency in inner half of dentine
(R4)
_,
Enamel overlapped but dentine sound
Filled and non-carious
Filled and carious
Unreadable overlap into dentine

CODE No

I 1I

SEX

CELL

I

I

I

I

I5

I

I

16

I

I

17

CARD_No

I

8

(T)

61

21

10

62

22

16

63

23

22

64

24

28

65

25

34

26

40

0

M

9

D

B

L

XXXXXX
X X X XXX
X X X IX1
X XI
X XI
,x X X
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15
21

27
33

39
45

1
2
3
4
5
6
7
8

0
1

2
3
4

5
6
7
8

Appendix 6 a

The sequence of progression/regression of the carious lesion as viewed radiographically.

R2lesion
=2

Sound=O

???

Appendix 6 b

The sequence of progression/regression of the carious lesion as viewed clinically.
White
spots=l

Sound=O
Sealed=8

R1lesion
=1

Surface
discolourations=2

???

R3lesion=3
Filled and non-carious=6

Carious cavity=3
Filled and non-carious=6

R4lesion=4
Filled and carious,
Abscessed, Crowned=?

Extracted=9
(due to caries)

Filled and carious,
Abscessed, Crowned=?

Extracted=9
(due to caries)

Appendix 6 c The occlusal (0), buccal (B), lingual (L), mesial (M), and distal (D) surfaces of every tooth was assigned a clinical and a
radiographic (where available) score as shown in Appendices 4 and 5. The baseline scores were compared with the 12 months scores and surface
transitions calculated according to rules set out in Appendices 7 and 8. The surface progression (+ve) and regression (-ve) scores were added up
separately to give a tooth transition score. The transition scores thus obtained for every tooth were added up to give the total transition score for the
individual.
AT BASELINE

AT 12 MONTHS

I

0=1

L=l

I M=O

D=4

I

0=3

L=1

TOOTH
TRANSITION

-1

B=O

B=1
D=1

SURFACE
TRANSITION

I M=1

+3

~
0

MOUTH
TRANSITION
Transition scores on each

+1

P=+6; R=-1

tooth added up

Appendix 7

Transition Scores for radiographically observed changes on the
surfaces of teeth. Radiographic examination codes (see Appendix 4)
assigned to a tooth surface at baseline were compared with the codes
assigned to the same tooth surface at 12 months and the Transition
Scores were calculated according to the following rules.

TRANSITION
SCORE

0=

SURF ACE CHANGES FROM
(BASELINE) TO 12 MONTHS
0 to 0; 1 to 1; 2 to 2; 2 to 5; 3 to 3; 3 to 6; 4 to 4
4 to 6; 4 to 7; 5 to 5; 6 to 6; 7 to 7; 8 to 8; 9 to 9

1=

1 to 2; 2 to 3; 2 to 6; 3 to 4; 3 to 7; 5 to 3; 5 to 6

2=

0 to 1; 1 to 3; 1 to 6; 2 to 4; 2 to 7; 5 to 4; 5 to 7

3=

0 to 2; 1 to 4; 1 to 7

4=

0 to 3; 0 to 6

5=Enamel overlaps

0 to 5; 1 to 5; 3 to 5; 5 to 0; 5 to 1; 5 to 2; 5 to 8

6=Dentine overlaps

0 to 8; 1 to 8; 2 to 8; 3 to 8; 4 to 8; 6 to 8; 7 to 8
8 to 0, 1,2, 3, 4, 5, 6, 7

7 =Missing from film

0 to 9; 1 to 9; 2 to 9; 3 to 9; 4 to 9; 5 to 9; 6 to 9
7 to 9; 8 to 9; 9 to 1, 2, 3, 4, 5, 6, 7, 8

-1=

2 to 1; 7 to 6

-2=

1 to 0; 3 to 1
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Appendix 8

0

Transition Scores for clinically observed changes. Clinical examination
codes see (Appendix 4) assigned to a tooth surface at (baseline) were
compared with the codes assigned to the same tooth surface at 12
months and the Transition Scores were calculated according to the
following rules.
0 to 0; 0 to 8; 1 to 1; 1 to 8; 2 to 2; 2 to 8
3 to 3, 4, 6, 7; 4 to 3, 4, 6, 7; 6 to 3; 6 to 4; 6 to 6
7 to 3; 7 to 4; 7 to 7; 7 to 9; 8 to 0; 8 to 4; 8 to 8

1=

0 to 1; 0 to 5, 1 to 2; 6 to 7; 8 to 1

2=

0 to 2; 2 to 3; 2 to 6; 8 to 2

3=

1 to 3; 1 to 4; 1 to 6; 2 to 7

4=

0 to 3; 0 to 4; 0 to 6; 1 to 7

4,

-1=

1 to 0; 2 to 1; 7 to 6

-2=

2to0
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Appendix 9

Instructions given to parents for the duplication and collection of food
samples

1)

A duplicate amount of everything that your child eats and drinks over a 24-hour
period will have to be collected.

2)

Prepare or buy twice the amount of all food and drink that your child normally
consumes

3)

Set each serving out twice, in equal portions or amounts as accurately as possible
using household measures.

4)

If you add salt, pepper, sauce, sugar, cream, or other additives, make sure the

same amounts go on the duplicate meal.
5)

If the whole serving is not eaten, remove an equivalent amount from the duplicate

serving. If another helping is eaten or drunk, make sure the extra goes onto the
duplicate meal.
6)

Remove all parts of the food not normally consumed such as apple cores, orange
peel, and bones.

7)

When the meal is finished, tip the duplicate serving of food and drink into the
plastic container that has been provided. Screw the lid on tightly, and store it
upright in the refrigerator

8)

After each meal enter the time, type, and amount of food and drink had on the diet
@

record.
9)

If your child is going to be at school provide a drink bottle filled to the top and

encourage the child to drink only from that bottle. Tip a similar amount of fluid
into the jar if any fluid has been consumed.
10)

Please do not give your child any pocket money on the day of food collection.

11)

IMPORTANT: Do not make any changes in the normal dietary pattern.

12)

All food samples and diet records collected will be coded and will not be
identifiable by name.
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Appendix 10

Sample of the Dietary Record Sheet used in the study.

TIME

TYPE OF FOOD AND DRINK
(Include brand names)
(List each item separately)

8.00AM

AMOUNT
In household
measures

Cereal (Skippy's Cornflakes)

3 Tbsp

Milk ( Blue Top)

1 cup

Sugar

1 Tsp

Toast

1 slice

Oranje Juice (Fresh up)

1/2cup

12.10 PM

Bread with marmalade

2 Slices

5.00 PM

Baked potato

1

Sour Cream

1 Tbsp

Boiled cabbage

3 Tbsp

Steak

1 Small piece
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Appendix 11

List of nutrients analysed from diet records

Water

(g)

Potassium

(mg)

Energy

(kJ)

Calcium

(mg)

Protein

(g)

Manganese

(~g)

Total Nitrogen

(g)

Iron

(mg)

Total Fat

(g)

Copper

(mg)

Total saturated fat

(g)

Zinc

(mg)

Total mono-unsat

(g)

Selenium

(~g)

Total poly-unsat

(g)

Retinol

(~g)

Cholesterol

(mg)

Carotene

(~g)

Carbohydrate

(g)

Total Vitamin A

(~g)

Total sugars

(g)

Thiamin

(mg)

Starch

(g)

Riboflavin

(mg)

Glucose

(g)

Niacin

(mg)

Lactose

(g)

Potential Niacin

(mg)

Fructose

(g)

VitaminB6

(mg)

Maltose

(g)

Pantothenate

(mg)

Sucrose

(g)

Biotin

(~g)

Dietary fibre

(g)

Folate

(~g)

Sodium

(mg)

VitaminB12

(~g)

Magnesium

(mg)

VitaminC

(mg)

Phosphorous

(mg)

VitaminD

(~g)

Sulphur

(mg)

Alpha tocopherol

(mg)

Chloride

(mg)

VitaminE

(mg)
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Appendix 12

Format of the food frequency questionnaire used. Food items for
which the frequency of feeding was of special interest with their
standard serve sizes are listed.

AVERAGE
FOOD
ITEMS

STANDARD
SERVE
SIZE
-····-

Breakfast cereal
Bread roll
Bread or toast
Sweet bun/Doughnut
Chocolate biscuits
Plain biscuits
Toffees
Chewing gum
Licorice
Boiled sweets
Gum drops/pastilles
Muesli bar
Chocolate bar
Milk chocolate
Peppermints
Drinking chocolate
Horlicks(Milo
Flavoured milk
Tea
Chewing gum
Cheese

PER
DAY

PER
PER
Never or
WEEK MONTH very rarely

(2-3)
(2 pieces)

(4 sm pieces)

(2-3)
(2-3)
(1)
(1)
(1 sm bar)
(1 smpkt)
(1sm cup)
(1 smcup)
(1 sm glass)
(1 sm cup)
(2 pieces)
(20 g/1 slice)

COMMENT IF
Serve size
different

1---------------------- - - - ·-··-

-~---

(1/2 cup)
(1 roll)
( 1 med slice)
(1 med)
(1)
(1)

I

CONSUMPTION

Dried apricots
Raisins/sultanas/currants
Ice-cream
Custard/Puddings
Meringue/Pavlova
Fruit cake
Crumble/Cheesecake
Sponge/Iced cake/Eclair
Honey/jam/marmalade
Fruit-canned
Fresh orange/grapefruit
Fresh apple/Pear
Fresh banana
Ribena
Juice-canned
Orange Juice drinks
Cordial with syrup
Cordial with powder
Coco Cola/fizzies
Thick shake
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(2-3 pieces)
(l/4 cup)
(1 scoop)
(1!2 cup)
(1 sm slice)
(1 sm slice)
(1lg slice)
(1 sm serve)
(ltbsp)
(l/4 cup)
(1 med)
(1 med)
(1 med)
(1 sm glass)
(1 sm glass)
(1 sm glass)
(1 sm glass)
(1 sm glass)
(1!2 can)
(1 sm glass)

Appendix 13

Information obtained from the general questionnaire

ABOUT THE CHILD
Area of residense since birth
History of use of fluoride tablets
Brushing habits
Supervision of brushing
Eating habits at bedtime
General health
History of use of medications
Number of other siblings
Rank of child in family

ABOUT THE PARENT
Use of fluoride tablets by mother during pregnacy
Mother's opinion of the role of diet in the development of caries
Mother's awareness of certain potentially cariogenic foods
Marital status
Mother's and partner's highest educational qualifications
Mother's and father's occupations
Mother's rating of her dental health
Presence of all natural teeth or dentures
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Appendix 14

List of 99 independent I explanatory variables and their codes.

Baseline 6 mo. 12 mo. Average
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

V5
Body weight
V20
V35
V6
V21
Amount of food eaten
V36
V22
V7
V37
F content of diet
F intake from tablets
V8
V23
V38
F intake from toothpaste
V9
V24
V39
Amount of toothpaste used
VlO
V25
V40
Flow rate of mixed saliva
Vll
V26
V41
V12
Flow rate of parotid saliva
V27
V42
V13
V28
V43
F content of mixed saliva
F content of parotid saliva
V14
V44
V29
Frequency of feeds per day
V15
V30
V45
F intake from diet (mg/day)
W7
W22
W37
F intake from diet (mg!kg bw)
X7
X22
X37
Y22
F intake from diet+paste (mg/day) Y7
Y37
F intake from diet+paste (mg!kg bw) 17
T22
T37
Total F intake (mg/day)
Z7
Z22
Z37
Total F intake (mg!kg bw)
U7
U22
U37
Baseline caries status
Age
Sex
Area of residence
Use of fluoride tablets by child
Frequency of toothbrushing
Assistance with brushing
Supervision of brushing
Type of food had at bedtime
Frequency of eating at bedtime
Mother's opinion of diet on caries
Type of medication used during the study
Use of medication in the past
Marital status of parent
Mother's educational qualification
Partner's educational qualification
Mother's place of work
Socio-economic status (father's occupation and income)
Socio-economic status (mother's occupation and income)
Number of siblings
Birth order of child

AV6
AV7
AV8
AVlO
AVll
AV12
AV13
AV14
AV15
AV16

CARIES
AGE
SEX
AREA

V56
V60
V61
V62
FOODS
V63
V68
V78
V88
V92
V93
V94
V95
V96
V97
V98
V99

Average intake of the following nutrients:
39
40
41
42
43
44
45
46
47
48
49

Water (Dl)
Energy (D2)
Protein (D3)
Total fat (D5)
Cholesterol (D9)
Carbohydrate (D 10)
Total sugar (Dll)
Starch (D12)
Glucose (Dl3)
Lactose (Dl4)
Fructose (Dl5)

50
51
52
53
54
55
56
57
58
59
60

Maltose (D16)
Sucrose (D 17)
Fibre (D18)
Sodium (D21)
Magnesium (D22)
Phosphorous (D23)
Chloride (D25)
Potassium (D26)
Calcium (D27)
Manganese (D28)
Iron (D29)

(continued)
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61
62
63
64
65
66
67
68
69
70
71

Copper (D30)
Zinc (D31)
Selenium (D32)
Vitamin A (D35)
Thiamine (D36)
Riboflavin (D37
Niacin (D38)
VitaminB6 (D40)
Vitamin 12(D44)
Vitamin C (D45)
Vitamin D (D46)

Appendix 14

72
73
74
75
76
77
78
79
80
81
82
83
84
85

(continued)

Frequency of intake of the following foods:
Breakfast cereal (F107)
86
Toffees (F157)
Bread roll.(F109)
87
Boiled sweets (F163)
Bread{foast (F111)
88
Muesli bar (F167)
Sweet bun/doughnut (F113)
89
Chocolate bar (F169)
Plain biscuits (F115)
90
Honey/jam/marmalade (F171)
Chocolate Biscuits (Fll7)
91
Flavoured milk (F173)
Cheese (F119)
92
Orange juice (F177)
93
Cordial with syrup (F183)
Orange/grapefruit (F123)
Apple/Pear (F125)
94
Cordial with powder (F185)
Banana (F127)
95
Coca Cola/fizzy drinks (F187)
Raisins/sultanas (Fl31)
96
Drinking chocolate (F189)
Canned fruit (F133)
97
Horlicks/Milo/Quik. (F191)
Icecream (F135)
98
Ribena (F195)
Custard/puddings (F139)
99
Canned juice (F197)
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Appendix 15 a

A typical format of the ANOVA table

SOURCE OF VARIATION

Mean
square

DF

Sum of
squares

F

Signifance
ofF

Main effects
AREA
AGE
CARIES ACTIVITY
2-way interactions
AREA
AGE
AREA
CARIES
AGE
CARIES
3-way interactions
AREA
AGE
CARIES
Explained
~

Residual Error
Total
Where significance was established with the ANOVA, t tests were used to examine the
difference between the groups more closely. The formula for calculation of t from the
results of ANOVA was given by:
1 1

1 1

I

t

mean1 - mean2
I

::

...J
S2 ( 1/n1 + 1/n2 )
where S2 is the Residual Error Mean square value. The significance of the calculated t
with Residual degrees of freedom (DF) was determined from standard tables for the
distribution of t

1 1

1 1

•
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Appendix 15 b

Notes on the multivariate logistic regression analysis procedure

SCALED DEVIANCE AND DEGREES OF FREEDOM
In a logistic regression analysis the scaled deviance,which is an appropriate function of
the weighted residuals, indicates how good a fit the model is. In large samples the
differences between the deviances follows a chi-squared distribution with the difference
between the two degrees of freedoms (df) as its degrees-of-freedom parameter (i.e
change in scaled deviance=chi-squared value). Therefore if change in df=1, and
associated change in scaled deviance 2': 3.84 then the parameter is significant at the 5%
level and should be included in the model as it gives it a better fit. To reach significance
at the 5% level for a change in df=1 the change in scaled deviance should be 2': 3.84; for
a change in df=2 the change in scaled deviance should be 2': 5.99 and so on as shown in
a chi-squared distribution table. If the scaled deviance= degrees of freedom the model
fits well. This is however, only a guideline. If the scaled deviance> degrees of freedom
then it means that there is still a lot of unexplained variance. (That is the outcome variable
is affected by other unmeasured explanatory I independent variables).

ESTIMATES OF THE PARAMETERS
The column headed 'estimate' in a logistic regression analysis is the log of Relative Risk
(RR) and therefore antilog of the estimate gives the Relative Risk.
Relative Risk=

High caries active group
Low caries active group

IfRR=l.O
IfRR>l.O
If RR<l.O

then the risk is the same in the two groups
There is a increased risk of high-caries activity
There is a decreased risk of high-caries activity

STANDARD ERROR OF THE ESTIMATE
The s.e. of an estimate indicates how precise the trend is, taking into account the
underlying random variation and the size of the sample. Estimates will rarely be more
than 2 s.e.s from the underlying population value they are estimating. The smaller the
s.e. the nearer to the true value is the estimate likely to be.

95% CONFIDENCE INTERVALS
The 95% CI for the relative risks lie between the anti-natural-log (estimate-2 s.e.s) to
anti-natural-log (estimate+2 s.e.s) . If the 95% CI includes 1 then it means that the risks
in the two groups are relatively equal.

Z VALUES
Estimate I Standard error = Z value. Whether the trend is significant or not is tested by
calculating 'Z' values and finding their associated P values from Tables for distribution of
Z. If the value of Z is> 1.96 or 2 (normal curve values) then the trend is significant at
the 5% level. To fmd out exact value of P consult table for areas under normal curve.
Pis obtained from this formula: P= 1 - (tabulated value for calculated Z x 2).
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Appendix 16

Body weight (kg) of children at baseline and at 6 and 12 months
subdivided by age, area of residence in fluoridated (F) and nonfluoridated (NF) areas, and caries activity (low-caries ~ 5 units of
progression; high-caries ;::: 6 units of progression).

MEAN
Baseline

± SD (number of children)
6 months

12 months

3-4 YEARS
NF+F areas
Low-caries
High-caries

17.6±2.1 (66)
17 .2±2.5 (29)
17.9±1.8 (37)

19.0±2.1 (66)
18.6±2.3 (29)
19.2±1.9 (37)

20.1±2.8 (66)
20.2±3.6 (29)
20.1±1.9 (37)

NF areas
Low-caries
High-caries

17.3±2.3 (34)
16.8±2.6 (14)
17 .8±2.0 (20)

18.7±2.3 (34)
18.2±2.5 (14)
19.1±2.1 (20)

20.0±2.8 (34)
20.0±3.7 (14)
20.1±2.0 (20)

F areas
Low-caries
High-caries

17.9±2.0 (32)
17.7±2.3 (15)
18.1±1.7 (17)

19.2±1.9 (32)
19.0±2.1 (15)
19.4±1.7 (17)

20.3±2.8 (32)
20.3±3.6 (15)
20.2±1.8 (17)

7-8 YEARS
NF +F areas
Low-caries
High-caries

27.0±3.6 (69)
27.7±3.9 (20)
26.8±3.5 (49)

29.1±4.1 (67)
29.9±4.4 (20)
28.7±4.0 (47)

30.3±4.6 (69)
31.4±4.4 (20)
29.8±4.6 (49)

NF areas
Low-caries
High-caries

27.2±3.7 (34)
28.2±3.6 ( 8)
26.8±3.7 (26)

29.3±4.1 (32)
30.8±3.6 ( 8 )
28.9±4.3 (24)

30.4±5.2 (34)
33.1±4.5 ( 8)
29.6±5.2 (26)

F areas
Low-caries
High-caries

26.9±3.6 (35)
27.3±4.2 (12)
26.7±3.2 (23)

28.8±4.1 (35)
29.3±4.9 (12)
28.6±3.8 (23)

30.1±3.9 (35)
30.3±4.2 (12)
30.0±3.9 (23)
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Appendix 17

Amount of food eaten (kg/day) at baseline and at 6 and 12 months
subdivided by age, area of residence in fluoridated (F) and nonfluoridated (NF) areas, and caries activity (low-caries ~ 5 units of
progression; high-caries~ 6 units of progression).

Baseline
3-4 YEARS
NF+F areas
Low-caries
High-caries

MEAN ± SD (number of children)
12 months
MEAN
6 months

1.06±0.28 (66)

0.94±0.25 (66)

1.02±0.28 (66)

1.01±0.22 (66)

1.03±0.30 (29)

0.91±0.28 (29)

1.00±0.27 (29)

0.98±0.23 (29)

1.09±0.26 (37)

0.97±0.23 (37)

1.03±0.28 (37)

1.03±0.20 (37)

NF areas

1.09±0.31 (34)

0.99±0.24 (34)

1.01±0.30 (34)

1.03±0.22 (34)

Low-caries
High-caries

1.06±0.37 (14)

0.95±0.24 (14)

1.01±0.30 (14)

1.00±0.24 (14)

1.10±0.26 (20)

1.02±0.25 (20)

1.01±0.30 (20)

1.05±0.21 (20)

F areas
Low-caries
High-caries

1.04±0.24 (32)

0.88±0.25 (32)

1.03±0.26 (32)

0.98±0.21 (32)

1.01±0.21 (15)

0.87±0.32 (15)

0.99±0.26 (15)

0.95±0.23 (15)

1.07±0.27 (17)

0.90±0.19 (17)

1.06±0.27 (17)

1.01±0.19 (17)

1.29±0.30 (69)

1.26±0.31 (67)

1.31±0.31 (69)

1.29±0.23 (69)

1.26±0.30 (20)

1.26±0.36 (20)

1.25±0.28 (20)

1.26±0.23 (20)

1.30±0.31 (49)

1.28±0.29 (47)

1.34±0.33 (49)

1.30±0.23 (49)

1.35±0.28 (34)

1.34±0.30 (32)

1.27±0.35 (34)

1.31±0.25 (34)

1.29±0.24 ( 8)

1.49±0.38 ( 8 )

1.26±0.38 ( 8 )

1.35±0.30 ( 8 )

1.37±0.29 (26)

1.28±0.26 (24)

1.27±0.34 (26)

1.30±0.24 (26)

1.23±0.32 (35)

1.18±0.30 (35)

1.36±0.28 (35)

1.26±0.20 (35)

1.24±0.34 (12)

1.10±0.25 (12)

1.25±0.20 (12)

1.20±0.15 (12)

1.22±0.31 (23)

1.23±0.32 (23)

1.42±0.30 (23)

1.29±0.22 (23

7-8 YEARS
NF + F areas
Low-caries
High-caries
NF areas
Low-caries
High-caries
F areas
Low-caries
High-caries
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Appendix 18

Amount of toothpaste (g/day) used per brushing at baseline and at 6
and 12 months subdivided by age, area of residence in fluoridated (F)
and non-fluoridated (NF) areas, and caries activity (low-caries :::; 5
units of progression; high-caries~ 6 units of progression).

Baseline
3-4 YEARS
NF + F areas
Low-caries
High-caries

MEAN ± SD (number of children)
6 months
12 months

MEAN

0.60±0.40 (66)

0.62±0.39 (64)

0.52±0.35 (66)

0.58±0.29 (66)

0.62±0.39 (29)

0.62±0.38 (27)

0.47±0.32 (29)

0.57±0.26 (29)

0.59±0.41 (37)

0.62±0.40 (37)

0.57±0.36 (37)

0.59±0.32 (37)

NF areas

0.66±0.41 (34)

0.61±0.40 (34)

0.54±0.36 (34)

0.60±0.31 (34)

Low-caries

0.67±0.40 (14)

0.53±0.35 (14)

0.42±0.32 (14)

0.54±0.28 (14)

High-caries

0.66±0.42 (20)

0.66±0.43 (20)

0.62±0.38 (20)

0.65±0.33 (20)

F areas
Low-caries

0.54±0.38 (32)

0.63±0.38 (30)

0.51±0.33 (32)

0.56±0.28 (32)

0.58±0.38 (15)

0.72±0.40 (13)

0.52±0.33 (15)

0.60±0.25 (15)

High-caries

0.50±0.39 (17)

0.56±0.36 (17)

0.51±0.34 (17)

0.52±0.30 (17)

0.66±0.62 (69)

0.61±0.42 (66)

0.62±0.41 (68)

0.64±0.40 (69)

0.61±0.55 (20)

0.61±0.46 (20)

0.61±0.48 (20)

0.61±0.45 (20)

0.68±0.65 (49)

0.61±0.41 (46)

0.62±0.39 (48)

0.65±0.38 (49)

NF areas
Low-caries

0.75±0.81 (34)

0.69±0.50 (32)

0.68±0.50 (34)

0.70±0.49 (34)

0.65±0.80 ( 8 )

0.63±0.60 ( 8 )

0.59±0.62 ( 8 )

0.62±0.65 ( 8 )

High-caries

0.78±0.83 (26)

0.72±0.48 (244)

0.71±0.47 (26)

0.73±0.44 (26)

F areas
Low-caries

0.58±0.34 (35)

0.53±0.32 (34)

0.55±0.29 (34)

0.5_7±0.28 (35)

0.58±0.34 (12)

0.60±0.36 (12)

0.63±0.39 (12)

0.60±0.28 (12)

High-caries

0.58±0.35 (23)

0.50±0.29 (22)

0.51±0.22 (22)

0.56±0.28 (23

0.63±0.52 (135)

0.61±0.40 (130)

0.57±0.38 (134)

0.61±0.35 (135)

0.62±0.45 (49)

0.62±0.41 (47)

0.53±0.39 (49)

0.59±0.35 (49)

0.64±0.56 (86)

0.61±0.40 (83)

0.60±0.38 (85)

0.62±0.35 (86)

7-8 YEARS
NF + F areas
Low-caries
High-caries

BOTH AGES
NF+F areas
Low-caries
High-caries
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Appendix 19

Fluoride intake (mg/day) from toothpaste at baseline and at 6 and 12
months subdivided by age, area of residence in fluoridated (F) and
non-fluoridated (NF) areas, and caries activity (low-caries:::; 5 units of
progression; high-caries ~ 6 units of progression).

Baseline
3-4 YEARS
NF and F areas
Low-caries
High-caries

MEAN ± SD (number of children)
6 months
12 months

MEAN

0.37±0.29 (65)

0.37±0.29 (64)

0.23±0.23 (66)

0.33±0.21 (66)

0.42±0.31 (28)

0.40±0.29 (27)

0.24±0.22 (29)

0.35±0.18 (29)

0.33±0.28 (37)

0.36±0.30 (37)

0.23±0.25 (37)

0.31±0.23 (37)

NF areas

0.42±0.32 (34)

0.38±0.28 (34)

0.23±0.25 (34)

0.34±0.23 (34)

Low-caries

0.42±0.31 (14)

0.34±0.21 (14)

0.19±0.21 (14)

0.32±0.19 (14)

High-caries

0.41±0.34 (20)

0.40±0.32 (20)

0.26±0.28 (20)

0.36±0.26 (20)

F areas

0.32±0.26 (31)

0.37±0.32 (30)

0.24±0.21 (32)

0.31±0.19 (32)

Low-caries

0.43±0.32 (14)

0.47±0.36 (13)

0.29±0.23 (15)

0.38±0.18 (15)

High-caries

0.24±0.16 (17)

0.30±0.27 (17)

0.20±0.20 (17)

0.25±0.18 (17)

0.28±0.34 (67)

0.28±0.25 (66)

0.18±0.18 (68)

0.25±0.18 (69)

0.24±0.21 (19)

0.25±0.17 (20)

0.17±0.16 (20)

0.22±0.13 (20)

0.30±0.38 (48)

0.30±0.38 (46)

0.19±0.19 (48)

0.26±0.20 (49)

7-8 YEARS
NF and F areas
Low-caries
High-caries
NF areas
Low-caries

0.30±0.45 (34)

0.31±0.28 (32)

0.21±0.21 (34)

0.27±0.22 (34)

0.20±0.24 ( 8 )

0.21±0.10 ( 8 )

0.13±0.14 ( 8)

0.18±0.14 ( 8 )

High-caries

0.33±0.50 (26)

0.34±0.32 (24)

0.23±0.22 (26)

0.29±0.24 (26)

F areas
Low-caries
High-caries

0.26±0.17 (33)

0.26±0.21 (34)

0.16±0.15 (34)

0.23±0.13 (35)

0.26±0.19 (11)

0.27±0.21 (12)

0.19±0.18 (12)

0.24±0.13 (12)

0.26±0.17 (22)

0.25±0.22 (22)

0.14±0.12 (22)

0.22±0.13 (23)
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Appendix20

Fluoride content (mg/kg) of the diet of children at baseline and at 6 and
12 months subdivided by age, area of residence in fluoridated (F) and
non-fluoridated (NF) areas, and caries activity (low-caries:::;;; 5 units of
progression; high-caries::::: 6 units of progression).

Baseline

MEAN ± SD (number of children)
6 months
12 months

MEAN

NF AREAS
Both ages

0.17±0.10 (68)

0.15±0.11 (66)

0.16±0.08 (68)

0.16±0.06 (68)

Low-caries

0.14±0.08 (22)

0.11±0.05 (22)

0.16±0.07 (22)

0.14±0.04 (22)

High-caries

0.19±0.10 (46)

0.17±0.13 (44)

0.16±0.08 (46)

0.17±0.07 (46)

3-4 years

0.13±0.07 (34)

0.16±0.12 (34)

0.15±0.09 (34)

0.15±0.06 (34)

Low-caries

0.09±0.04 (14)

0.13±0.05 (14)

0.13±0.06 (14)

0.12±0.03 (14)

High-caries

0.15±0.08 (20)

0.18±0.15 (20)

0.17±0.11 (20)

0.17±0.07 (20)

7-8 years

0.22±0.10 (34)

0.14±0.11 (32)

0.17±0.07 (34)

0.18±0.06 (34)

Low-caries

0.22±0.07 ( 8 )

0.09±0.04 ( 8 )

0.20±0.07 ( 8 )

0.17±0.04 ( 8 )

High-caries

0.21±0.11 (26)

0.16±0.12 (24)

0.16±0.06 (26)

0.18±0.06 (26)

Both ages

0.32±0.16 (67)

0.35±0.17 (67)

0.39±0.21 (67)

0.35±0.11 (67)

Low-caries

0.33±0.16 (27)

0.32±0.11 (27)

0.38±0.25 (27)

0.34±0.10 (27)

High-caries

0.31±0.15 (40)

0.37±0.20 (40)

0.39±0.18 (40)

0.36±0.11 (40)

3-4 years

0.31±0.16 (32)

0.35±0.15 (32)

0.41±0.24 (32)

0.36±0.11 (32)

Low-caries

0.35±0.19 (15)

0.33±0.13 (15)

0.45±0.30 (15)

0.38±0.12 (15)

High-caries

0.28±0.13 (17)

0.37±0.17 (17)

0.38±0.17 (17)

0.34±0.10 (17)

7-8 years

0.32±0.15 (35)

0.35±0.19 (35)

0.36±0.18 (35)

0.35±0.10 (35)

Low-caries

0.31±0.13 (12)

0.30±0.09 (12)

0.30±0.14 (12)

0.30±0.06 (12)

High-caries

0.33±0.17 (23)

0.38±0.23 (23)

0.40±0.20 (23)

0.37±0.11 (23)

F AREAS
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Appendix21

Fluoride intake (mg/day) from food and drinks alone at baseline and at
6 and 12 months subdivided by age, area of residence in fluoridated
(F) and non-fluoridated (NF) areas, and caries activity (low-caries:::;; 5
units of progression; high-caries ;;::: 6 units of progression).

----------------------KfEXN-±-sn-rn-umfiero1-ch1Wrenf________ _
Baseline

6 months

12 months

MEAN

NF-7rREAS-------------------------------------------------3-4 years

0.14±0.08 (34)

0.15±0.10 (34)

0.15±0.09 (34)

0.15±0.06 (34)

Low-caries
High-caries

0.09±0.03 (14)

0.12±0.05 (14)

0.13±0.08 (14)

0.11±0.03 (14)

0.17±0.09 (20)

0.17±0.12 (20)

0.17±0.10 (20)

0.17±0.06 (20)

7-8 years

0.30±0.18 (34)

0.18±0.09 (32)

0.21±0.07 (34)

0.23±0.08 (34)

Low-caries

0.28±0.11 ( 8)

0.14±0.06 ( 8 )

0.24±0.09 ( 8 )

0.22±0.06 ( 8 )

High-caries

0.30±0.19 (26)

0.19±0.09 (24)

0.20±0.07 (26)

0.23±0.09 (26)

0.34±0.22 (32)

0.31±0.16 (32)

0.44±0.30 (32)

0.36±0.17 (32)

0.36±0.22 (15)

0.30±0.18 (15)

0.47±0.39 (15)

0.38±0.19 (15)

0.32±0.24 (17)

0.32±0.15 (17)

0.40±0.21 (17)

0.35±0.15 (17)

0.39±0.20 (35)

0.41±0.27 (35)

0.49±0.27 (35)

0.43±0.14 (35)

0.38±0.20 (12)

0.32±0.13 (12)

0.36±0.16 (12)

0.35±0.08 (12)

0.40±0.20 (23)

0.46±0.32 (23)

0.55±0.29 (23)

0.47±0.16 (23)

F AREAS
3-4 years
Low-caries
High-caries
7-8 years
Low-caries
High-caries
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Appendix22

Fluoride intake (mg/day) from diet and toothpaste at baseline and at 6
and 12 months subdivided by age, area of residence in fluoridated (F)
and non-fluoridated (NF) areas, and caries activity (low-caries ~ 5
units of progression; high-caries ; :;: 6 units of progression).

MEAN ± SD (number of children)
Baseline
6 months
12 months

MEAN

NF AREAS
3-4 years
Low-caries
High-caries

0.56±0.33 (34)
0.52±0.31 (14)
0.58±0.34 (20)

0.53±0.32 (34)
0.45±0.22 (14)
0.58±0.36 (20)

0.39±0.26 (34)
0.32±0.19 (14)
0.43±0.29 (20)

0.49±0.25 (34)
0.43±0.19 (14)
0.53±0.28 (20)

7-8 years
Low-caries
High-caries

0.60±0.48 (34)
0.49±0.29 ( 8 )
0.63±0.53 (26)

0.48±0.30 (32)
0.35±0.13 ( 8 )
0.53±0.32 (24)

0.42±0.21 (34)
0.37±0.20 ( 8 )
0.43±0.22 (26)

0.50±0.22 (34)
0.40±0.18 ( 8 )
0.52±0.23 (26)

Both ages
Low-caries
High-caries

0.57±0.41 (68)
0.51±0.30 (22)
0.61±0.45 (46)

0.51±0.31 (66)
0.41±0.20 (22)
0.55±0.34 (44)

0.40±0.23 (68)
0.34±0.19 (22)
0.43±0.25 (46)

0.49±0.23 (68)
0.42±0.18 (22)
0.53±0.25 (46)

F AREAS
3-4 years
Low-caries
High-caries

0.67±0.36 (31)
0.80±0.41 (14)
0.56±0.29 (17)

0.69±0.37 (30)
0.78±0.41 (13)
0.62±0.33 (17)

0.67±0.38 (32)
0.76±0.47 (15)
0.60±0.26 (17)

0.68±0.27 (32)
0.78±0.28 (15)
0.59±0.24 (17)

7-8 years
Low-caries
High-caries

0.64±0.24 (33)
0.63±0.26 (11)
0.65±0.23 (22)

0.66±0.32 (34)
0.59±0.24 (12)
0.69±0.36 (22)

0.64±0.29 (34)
0.56±0.31 (12)
0.68±0.27 (22)

0.65±0.17 (35)
0.59±0.15 (12)
0.68±0.18 (23)

Both ages
Low-caries
High-caries

0.65±0.30 (64)
0.72±0.36 (25)
0.61±0.26 (39)

0.67±0.34 (64)
0.69±0.35 (25)
0.66±0.34 (39)

0.65±0.33 (66)
0.67±0.41 (27)
0.64±0.27 (39)

0.66±0.22 (67)
0.69±0.24 (27)
0.64±0.21 (40)
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Appendix23

Flow rate (g/rnin) of mixed saliva at baseline and at 6 and 12 months
subdivided by age, area of residence in fluoridated (F) and nonfluoridated (NF) areas, and caries activity (low-caries :::; 5 units of
progression; high-caries ~ 6 units of progression) ..

Baseline

MEAN ± SD (number of children)
6 months
12 months

MEAN

3-4 YEARS
NF + F areas
Low-caries
High-caries

0.68±0.30 (66)

0.69±0.28 (66)

0.74±0.33 (66)

0.71±0.28 (66)

0.68±0.28 (29)

0.69±0.30 (29)

0.75±0.33 (29)

0.71±0.28 (29)

0.68±0.31 (37)

0.70±0.27 (37)

0.73±0.34 (37)

0.70±0.28 (37)

NF areas
Low-caries
High-caries

0.74±0.34 (34)

0.73±0.30 (34)

0.80±0.37 (34)

0.76±0.31 (34)

0.77±0.26 (14)

0.76±0.26 (14)

0.81±0.33 (14)

0.78±0.26 (14)

0.72±0.40 (20)

0.71±0.33 (20)

0.79±0.40 (20)

0.74±0.34 (20)

F areas

0.62±0.23 (32)

0.65±0.27 (32)

0.67±0.29 (32)

0.65±0.24 (32)

Low-caries
High-caries

0.60±0.29 (15)

0.63±0.33 (15)

0.70±0.34 (15)

0.64±0.30 (15)

0.64±0.18 (17)

0.68±0.20 (17)

0.65±0.24 (17)

0.65±0.19 (17)

0.84±0.32 (68)

0.91±0.32 (66)

0.91±0.39 (68)

0.89±0.30 (69)

0.88±0.38 (19)

0.89±0.32 (19)

1.01±0.41 (19)

0.93±0.32 (20)

0.82±0.29 (49)

0.92±0.32 (47)

0.87±0.37 (49)

0.87±0.30 (49)

NF areas
Low-caries
High-caries

0.87±0.33 (34)

0.97±0.33 (32)

0.96±0.43 (34)

0.93±0.33 (34)

0.98±0.44 ( 8 )

0.98±0.30 ( 8 )

1.22±0.48 ( 8)

1.06±0.36 ( 8 )

0.84±0.29 (26)

0.96±0.35 (24)

0.87±0.39 (26)

0.89±0.31 (26)

F areas
Low-caries
High-caries

0.81±0.31 (34)

0.86±0.30 (34)

0.86±0.33 (34)

0.84±0.28 (35)

0.81±0.34 (11)

0.82±0.33 (11)

0.85±0.30 (11)

0.83±0.26 (12)

0.81±0.30 (23)

0.88±0.29 (23)

0.87±0.35 (23)

0.85±0.29 (23)

7-8 YEARS
NF + F areas
Low-caries
High-caries
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Appendix24

Flow rate (g/min) of parotid saliva at baseline and at 6 and 12 months
subdivided by age, area of residence in fluoridated (F) and nonfluoridated (NF) areas, and caries activity (low-caries : : ; 5 units of
progression; high-caries~ 6 units of progression).

MEAN ± SD (number of children)
Baseline
6 months
12 months

MEAN

3-4 YEARS
NF + F areas
Low-caries
High-caries

0.26±0.17 (66)
0.27±0.19 (29)
0.25±0.15 (37)

0.21±0.12 (66)
0.20±0.11 (29)
0.22±0.13 (37)

0.20±0.11 (65)
0.20±0.09 (28)
0.20±0.13 (37)

0.22±0.12 (66)
0.22±0.11 (29)
0.22±0.12 (37)

NF areas
Low-caries
High-caries

0.30±0.19 (34)
0.34±0.24 (14)
0.28±0.14 (20)

0.22±0.13 (34)
0.22±0.12 (14)
0.23±0.14 (20)

0.20±0.11 (33)
0.21±0.10 (13)
0.20±0.12 (20)

0.24±0.12 (34)
0.26±0.13 (14)
0.24±0.12 (20)

F areas
Low-caries
High-caries

0.21±0.13 (32)
0.20±0.10 (15)
0.23±0.16 (17)

0.20±0.12 (32)
0.19±0.11 (15)
0.21±0.13 (17)

0.19±0.12 (32)
0.19±0.09 (15)
0.19±0.14 (17)

0.20±0.11 (32)
0.19±0.09 (15)
0.21±0.13 (17)

NF + F areas
Low-caries
High-caries

0.33±0.23 (67)
0.30±0.20 (19)
0.35±0.24 (48)

0.23±0.14 (66)
0.22±0.14 (19)
0.24±0.14 (47)

0.27±0.17 (67)
0.23±0.12 (19)
0.29±0.19 (48)

0.28±0.15 (69)
0.25±0.13 (20)
0.29±0.16 (49)

NF areas
Low-caries
High-caries

0.37±0.25 (34)
0.33±0.26 ( 8 )
0.39±0.25 (26)

0.24±0.14 (32)
0.25±0.15 ( 8 )
0.24±0.15 (24)

0.28±0.18 (34)
0.27±0.16 ( 8)
0.28±0.19 (26)

0.30±0.16 (34)
0.28±0.15 ( 8 )
0.30±0.17 (26)

F areas
Low-caries
High-caries

0.29±0.19 (33)
0.27±0.15 (11)
0.30±0.21 (22)

0.23±0.14 (34)
0.20±0.14 (11)
0.24±0.14 (23)

0.27±0.17 (33)
0.20±0.08 (11)
0.30±0.20 (22)

0.26±0.14 (35)
0.22±0.11 (12)
0.28±0.16 (23

NF+F areas
Low-caries
High-caries

0.30±0.20 (133)
0.28±0.19 (48)
0.31±0.21 (85)

0.22±0.13 (132)
0.21±0.13 (48)
0.23±0.14 (84)

0.21±0.11 (132)
0.25±0.17 (47)
0.24±0.15 (85)

0.25±0.14 (135)
0.23±0.12 (49)
0.26±0.15 (86)

NF areas
Low-caries
High-caries

0.34±0.22 (68)
0.34±0.24 (22)
0.34±0.22 (46)

0.23±0.14 (66)
0.23±0.13 (22)
0.23±0.14 (44)

0.24±0.15 (67)
0.23±0.12 (21)
0.25±0.16 (46)

0.27±0.14 (68)
0.27±0.13 (22)
0.27±0.15 (46)

F areas
Low-caries
High-caries

0.25±0.17 (65)
0.23±0.13 (26)
0.27±0.19 (39)

0.21±0.13 (66)
0.19±0.12 (26)
0.23±0.13 (40)

0.23±0.15 (65)
0.19±0.09 (26)
0.25±0.18 (39)

0.23±0.13 (67)
0.20±0.10 (27)
0.25±0.15 (40)

7-8 YEARS

~!

BOTH AGES
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Appendix 25 a

Fluoride content (ppm or lJ.g/ml) of mixed saliva at baseline and at 6
and 12 months subdivided by age, area of residence in fluoridated (F)
and non-fluoridated (NF) areas, and caries activity (low-caries ::;; 5
units of progression; high-caries;;::: 6 units of progression).

Baseline

MEAN ± SD (number of children)
6 months
12 months
MEAN

All children

0.022±0.012 (135)

0.029±0.020 (133) 0.025±0.026 (134) 0.025±0.014 (135)

Low-caries
High-caries

0.024±0.013 (49)

0.034±0.022 (49)

0.026±0.0ll (48)

0.028±0.012 (49)

0.021±0.011 (86)

0.027±0.018 (84)

0.024±0.031 (86)

0.024±0.015 (86)

NF areas

0.022±0.010 (68)

0.028±0.016 (66)

0.026±0.034 (68)

0.025±0.014 (68)

Low-caries
High-caries

0.025±0.013 (22)

0.028±0.014 (22)

0.025±0.010 (22)

0.026±0.009 (22)

0.020±0.008 (46)

0.028±0.017 (44)

0.027±0.041 (46)

0.025±0.016 (46)

F areas
Low-caries
High-caries

0.022±0.013 (67)

0.031±0.023 (67)

0.023±0.013 (66)

0.025±0.013 (67)

0.023±0.014 (27)

0.038±0.026 (27)

0.026±0.012 (26)

0.029±0.013 (27)

0.022±0.013 (40)

0.026±0.020 (40)

0.021±0.013 (40)' 0.023±0.013 (40)

Appendix 25 b

Fluoride content (ppm or lJ.g/ml) of parotid saliva at baseline and at 6
and 12 months subdivided by age, area of residence in fluoridated (F)
and non-fluoridated (NF) areas, and caries activity (low-caries ::;; 5
units of progression; high-caries ;;::: 6 units of progression).

Baseline

MEAN ± SD (number of children)
6 months
12 months

MEAN

All children
Low-caries
High-caries

0.005±0.003 (129)

0.005±0.002 (126) 0.005±0.003 (130) 0.005±0.002 (135)

0.006±0.003 (47)

0.006±0.002 (46)

0.006±0.002 (47)

0.006±0.002 (49)

0.005±0.003 (82)

0.005±0.002 (80)

0.005±0.004 (83)

0.005±0.002 (86)

NF areas
Low-caries
High-caries

0.005±0.002 (64)

0.005±0.002 (62)

0.005±0.003 (67)

0.005±0.002 (68)

0.007±0.003 (20)

0.007±0.002 (21)

0.007±0.002 (22)

0.007±0.002 (22)

0.005±0.002 (44)

0.005±0.002 (41)

0.004±0.002 (45)

0.005±0.002 (46)

0.005±0.004 (65)

0.005±0.002 (64)

0.005±0.004 (63)

0.005±0.003 (67)

0.006±0.003 (27)

0.006±0.002 (25)

0.006±0.002 (25)

0.006±0.002 (27)

0.005±0.004 (38)

0.004±0.002 (39)

0.005±0.005 (38)

0.005±0.003 (40)

F areas
Low-caries
High-caries
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Appendix26

1.

List of some major food items constituting each of the food groups in
the data base.

BAKERY PRODUCTS
Biscuits, Breads, Buns, Cakes, Chapatis, Crispbreads, Doughnuts, Pies, Rolls

2.

BEVERAGES (non-alcoholic)
Bournvita powder, Cocoa powder, Horlicks powder, Milo powder, Ovaltine
Coca Cola, Cordial, Syrup, Juice, Lemonade, Ribena, Tea, Just Juice, Vitamin C

3.

BREAKFAST CEREALS
Bran cereal, Cornflakes, Muesli, Porridge, Granola, Honey puffs, Weetbix

4.

CEREALS AND PSEUDO-CEREALS
Custard powder, Flour, Macaroni, Rice, Rolled oats, Rye, Soya, Spaghetti

5.

DAIRY
Butter, Cheese, Cream, Ice cream, Milk, Milk shakes, Yoghurt, Milk Soya

6.
7.

EGGS
FAST FOODS
Burgers, Coleslaw, McDonald's, Kentucky, Pies, Pizza, Potato fries, Sausages,
Saveloys, Fish and chips

8.

FATS AND OILS
Margarine, Spreads (low fat), Vegetable oils

~A

9.

FRUIT
Fresh and dried fruits, fruit salads

10. MEAT
11. MEAT PRODUCTS
Cornish pastie, Canned meat, Luncheon meats, sausages, pies, saveloys

12. MISCELLANEOUS
Pepper, Salt, Vinegar, Bovril, Marmite, Vegemite

13. NUTS
Almonds, Cashews, Coconut (dessicated), Peanut butter, Peanuts

14. RECIPES
Stewed mince, Lasagne, Macaroni cheese, Casseroles, Chilli Con carne,
Quiche, Scones, Tarts, Homemade biscuits, Meringue, Pudding, Jam

15. SAUCES AND CONDIMENTS
Piccallili, Pickle (sweet), Tomato ketchup

16. SNACK FOODS
Muesli bars, Potato crisps, Cheese straws, Rashuns

17
18

SOUPS
SUGAR, HONEY, CONFECTIONARY
Bolied sweets, Chocolate bars, Chocolates, Chewing gum, Honey, Ice cream,
Marmalade, Sugar, Toffees, Popcorn, Marshmallow

19
20

VEGETABLES
FINFISH
Cod, Pilchards, Salmon, Tuna

21

SHELLFISH
Mussels, Lobsters, Oysters, Paua
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Appendix27

Food sources of maltose, vitamin B6, and niacin analysed by the Diet
Analyses Computer programme.

FOOD SOURCES OF MALTOSE
(g/100g)
Bread Malt
13.5
Horlicks Malted Milk Powder
12.1
Ovaltine Powder
10.9
Bournvita Powder
9.6
Chocolates Fancy and Filled
8.1
Crisp bread Wheat Starch Reduced
7.4
Chocolate Bar 'Mars Bar'
7.3
Honey
6.5
HoneyComb
6.3
Toffees Mixed
6.2
'Liquorice Allsorts'
5.8
'Nutties'
5.0

-•,

FOOD SOURCES OF VITAMIN B6
(mg/lOOg)
Wheatgerm
2.4
Yeast Bakers' Powdered
2
'Kornies'
1.8
Rice Puffed
1.75
Cornflakes
1.7
Muesli Toasted Sweetened
1.7
Muesli Bran Toasted
1.7
Muesli Flakes Toasted
1.7
Muesli Non-Toasted Sweetened
1.6
Muesli Porridge
1.6
Wheat Bran
1.35
'Marmite'
1.07
FOOD SOURCES OF NIACIN
82
'Bovril'
42.3
'Marmite'
36
Yeast Bakers' Powdered
28.9
Wheat Bran
22.8
Peanut Butter Smooth and Crunchy
22
Coffee Instant Powder
19.1
'San Bran'
18
BeerNuts
17.9
Peanuts Salted Dry Roasted
16.8
Bran Cereal
16
Peanuts Raw
15.2
Sheep Lamb Liver Fried(Coated in Seasoned Flour)
15
Horlicks Malted Milk Powder
15
Ovaltine Powder
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Appendix28

Proportion of fat derived from the different food sources
3-4 yrs

7-8 yrs

Total

Total

LCA

HCA

(%)

(%)

(%)

(%)

(%)

28.0
16.0
Bakery
10.6
Meat
Fast foods
8.8
Snack foods
5.4
Fats and oils
4.6
Vegetables
3.1
Meat products
3.0
Breakfast cereals 2.6
Nuts
1.8
Confectionary
1.3
Beverages
1.2
Fruit
0.9
Eggs
0.9
Sauces
0.8
Cereals
0.8
Soups
0.4
Miscellaneous
0.2

20.4
16.9
13.0
9.8
6.2
5.3
2.8
3.3
2.5
1.6
1.4
0.8
1.7
1.6
0.9
2.0
0.4
0.2

28.9
14.9
10.3
7.5
3.9
5.1
3.7
1.5
4.2
2.9
1.1
1.6
1.1
1.3
0.4
0.4
0.7
0.2

27.3
16.8
10.9
9.9
6.6
4.2
2.6
4.1
1.4
1.0
1.4
0.9
0.8
0.5
1.0
1.2
0.2
0.1

21.7
16.6
10.1
7.8
6.5
7.9
4.3
3.4
2.8
1.9
0.1
0.8
1.8
0.6
1.0
1.9
0.7
0.4

Food
sources
of Fat
Dairy

3-4 years
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7-8 years
LCA
HCA

(%)
19.8
17.1
14.3
10.7
6.0
4.1
2.0
3.1
2.3
1.4
2.0
0.8
1.6
2.0
0.8
2.0
0.3
0.1

Appendix29

Proportion of sucrose derived from the different food sources
3-4 yrs

7-8 yrs

Total

Total

LCA

RCA

(%)

(%)

(%)

(%)

(%)

(%)

22.6
13.1
Dairy
10.6
Beverages
7.0
Fast foods
Vegetables
5.6
Confectionary
5.6
Breakfast cereals 4.8
Meat
4.5
Fruit
3.1
3.0
Meat products
Miscellaneous
2.7
2.0
Snack foods
1.7
Soups
0.9
Fats and oils
Cereals
0.9
0.8
Eggs
0.7
Sauces
0.3
Nuts

23.2
7.6
12.2
6.4
4.7
6.5
5.4
5.9
4.5
2.1
1.7
2.5
1.2
1.2
3.2
0.8
0.9
0.3

21.6
12.0
9.9
5.8
6.4
6.0
5.0
4.1
3.8
1.7
1.5
1.9
2.4
1.3
0.5
1.7
0.4
0.4

23.3
14.0
11.1
7.9
5.0
5.3
4.6
4.8
2.6
4.1
3.7
2.1
1.2
0.6
1.2
0.1
1.0
0.2

22.2
10.2
14.1
5.6
4.2
4.6

23.7
6.4
11.4
6.7
5.0
7.3
5.3
6.4
3.7
1.7
1.8
2.6
1.2
0.7
3.3
1.1
0.8
0.3

Food
sources
of Sucrose
Bakery

3-4 years
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7-8 years
LCA
RCA

5.7
4.9
6.1
2.9
1.5
2.3
1.3
2.3
3.0
0.1
1.2
0.4

Appendix 30
Food
sources
of Energy

Proportion of energy derived from the different food sources
3-4 yrs

7-8 yrs

Total
(%)

Total
(%)

LCA
(%)

HCA
(%)

LCA
(%)

HCA
(%)

21.7
19.2
Dairy
Beverages
9.3
Meat
7.6
Vegetables
6.0
Fast foods
5.3
4.2
Confectionary
Breakfast cereals 4.1
Fruit
4.0
Snack foods
3.8
Meat products
1.3
Fats and oils
1.3
Cereals
1.3
Sauces
0.6
Nuts
0.6
Soups
0.4
Miscellaneous
0.4
Eggs
0.4

21.1
13.7
8.1
10.6
5.5
7.5
3.4
3.7
4.3
4.1
1.4
1.8
3.0
0.4
0.7
0.4
0.2
1.2

22.2
19.7
8.3
8.6
6.2
5.0
3.8
5.0
3.9
2.4
0.7
1.2
1.2
0.4
0.9
0.6
0.3
0.6

21.3
18.8
10.1
6.9
5.8
5.6
4.5
3.4
4.1
4.8
1.9
1.3
1.3
0.7
0.4
0.3
0.4
0.3

19.2
15.1
7.7
10.2
5.8
7.4
2.1
3.8
4.7
3.7
1.7
2.8
2.7
0.6
1.0
0.5
0.2
1.5

22.0
13.0
8.3
10.7
5.4
7.6
4.0
3.7
4.2
4.3
1.3
1.4
3.2
0.4
0.6
0.3
0.1
1.1

Bakery

3-4 years
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7-8 years

Appendix 31

Proportion of sodium derived from the different food sources
3-4 years

3-4 yrs

7-8 yrs

Total

Total

LCA

HCA

(%)

HCA

(%)

(%)

LCA

(%)

(%)

(%)

Bakery
22.0
13.4
Meat
8.0
Fast foods
7.3
Vegetables
Miscellaneous
6.3
Breakfast cereals 6.1
Dairy
5.9
5.0
Beverages
Snack foods
3.6
2.7
Fruit
2.2
Meat products
1.7
Nuts
1.3
Cereals
Confectionary
1.2
1.0
Soups
Sauces
0.7
Fats and oils
0.4
Eggs
0.3

22.9
14.1
8.8
7.1
3.8
8.0
4.4
3.2
4.2
2.9
2.2
2.4
3.2
1.3
1.2
0.9
0.7
0.5

24.8
11.8
6.5
7.7
3.7
7.3
5.8
5.6
2.5
2.7
1.2
1.9
1.2

19.8
14.6
9.2
6.9
8.3
5.2
5.9
4.5
4.5
2.7
2.9
1.5
1.3
0.6
0.6
0.6
0.4
0.1

24.6
10.3
7.1
7.2
3.5
7.1
3.9
3.4
4.3
3.9
2.5
3.3
3.4
2.3
1.8
1.1
0.9
0.0

Food
sources
of Sodium

1.9
1.6
0.9
0.4
0.7

+
7

k
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7-8 years

22.1
15.9
9.6
7.1
3.9
8.4
4.6
3.1
4.2
2.4
2.1
2.0
3.1
0.9
0.9
0.7
0.7
0.7

Appendix 32
Food sources
of Maltose

Bakery
Confectionary
Beverages
Snack foods
Fast foods
Breakfast cereals
Vegetables
Meat
Cereals
Dairy
'?0

Fruits
Soups

Proportion of maltose derived from the different food sources

TOTAL

Children aged 3-4 years
LCA
HCA

(%)

(%)

45.1
12.9
10.6
4.9

3.7
2.4
0.4
2.7
2.9

46.1
13.4
10.7
6.5
4.6

1.2
2.0
1.5
1.1
0.9
0.3
0.8

1.0
0.3
0.2
0.5
0.0

3.9
1.1
1.0
0.8
0.8
0.4
0.1
0.4

-"

%
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(%)

0.0
0.2

Appendix 33
Food sources
of Niacin
Bakery
Vegetables
Breakfast cereals
Meat
Dairy
Fruit
Fast foods
Beverages
Miscellaneous
Snack foods
Nuts
Cereals
Confectionary

-

Proportion of niacin derived from the different food sources in children
aged 3-4 years

TOTAL
15.8
ll.8
10.9
10.7
10.4
8.0
6.2
5.2
4.4
2.1
1.1
1.2
0.7

Children aged 3-4 years

LCA

HCA

16.7
11.8
13.7
9.7
9.4
7.2
4.5
5.4
1.9
1.9
1.6
1.4
1.2

15.2
11.9
8.8
11.4
11.1
8.6
7.5
5.1
6.2
2.2
0.6
1.1
0.3

\
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Appendix 34
Food sources
of Glucose

Fruits
Beverages
Confectionary
Dairy

Vegetables
Bakery
Fast foods
Snack foods
Breakfast cereals
Sauces
Meat
Cereals
Meat products
Miscellaneous
Nuts
Eggs
Soups

Proportion of glucose derived from the different food sources in
children aged 3-4 years

TOTAL

Children aged 3-4 years
LCA
HCA

(%)

(%)

22.5
21.6
10.1
9.4
6.4
4.3
3.7
3.7
3.6
1.3
0.8
0.8
0.6
0.2
0.2
0.1
0.9

19.7
17.3
10.1
7.8
9.6
6.7
3.9
3.3
6.7
1.5
0.8
1.3
0.8
0.1
0.4
0.2
1.4
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(%)

24.7
24.8
10.1
10.7
3.8
2.4
3.6
4.0
1.2
1.1
0.9
0.4
0.6
0.2
0.0
0.1
0.5

Appendix 35
Food sources
of Vitamin B6

Proportion of Vitamin B6 derived from the different food sources in
children aged 7-8 years

TOTAL

Meat

21.9

Dairy

19.7
13.6
7.8
5.9
5.4
4.5
4.5

Bakery
Fast foods
Vegetables
Breakfast cereals
Fruit
Eggs
Beverages
Cereals
Snack foods
Meat products
Sauces
Confectionary
Soups
Nuts
JVf..iscellaneous

2.5
2.4
2.2
2.2
0.5
0.4
0.4
0.4
0.3

Children aged 7-8 years
LCA
HCA
15.6
23.4
15.1
6.3
8.8
4.6
3.3
3.2
3.2
2.8
2.5
3.0
0.7
0.0
0.8
0.7
0.5

"h
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24.9
17.9
12.8
8.5
4.6
5.8
5.1
5.1
2.3
2.2
2.0
1.8
0.5
0.6
0.2
0.2
0.3

