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1 Introduction 

At the end of the seventies and in the beginning of the eighties several epidemiological 
studies In the US and Europe demonstrated a decline in carles prevalence among 
schoolchildren (Glass,1981; Anderson et al., 1982; von der Fehr,1982,· Fejerskov et al., 1982). 
This secular trend was also observed In the Netherlands (Kalsbeek, 1982; Truin et al., 1981, 
1986) and continued through a 15-year period. Simultaneously, a tremendous Increase of 
carles free 6- and 12-year-old children In the Netherlands was observed. In The Hague, the 
Netherlands, In 1969 only 1% of the five-year-old children were found to be caries free. In 
1984 this percentage had Increased to 65% (Truin et al., 1986). In North-east Friesland, 6-
year-old children showed a decrease of the dmfs score from 14 in 1973 to 4 in 1988 
(Frencken et al., 1990). As 47% of these children were caries free, a dmfs score of 4 for the 
whole group means that 50% of the children had an average dmfs score of 8. Truin and 
co-workers (1991) found In 1989 that the non-caries free 5-to-6-year-old children had on 
average a dmfs score of 7.8. In the past dental caries was prevalent In the whole 
population, and almost every patient needed the same type of dental treatments. At 
present, epidemiologic research reveals that the major part of the restorative dental 
treatments In young children is performed in a relatively small group of patients. Therefore, 
the types of treatment offered to the patients nowadays should be more diverse. In the 
group of children remaining caries free, radiographs and topical applications of fluorides 
should be avoided. On the other hand, more extensive individual preventive care such as 
the use of fissure sealants, dietary counselling, topical application of fluorides and 
antibacterial treatments should be directed to children with a high carles risk. Ideally 
preventive treatments should be Instituted before carious lesions have developed In these 
children. This Is only possible when the future caries risk can be determined for each child 
with the help of a predictive test. An ideal test to predict the carles risk would have to 
meet requirements as validity, reliability and feasibility (Newbrun et al., 1984). A predictive 
test should also take into account the etiological factors of dental caries; moreover, 
etiology Is the key to preventive treatment. With the help of a good predictive test the 
budget for dental care could be spent more economically without a raise of the costs. 
Caries prevalence would decrease while a number of unnecessary dental treatments in 
the low risk population could be avoided. 

Caries etiology, in a nutshell, was first correctly described by W. D. Miller (1890) who stated 
that the hard tissues of teeth were chronically attacked by acids, which are a 
fermentation product of oral microorganisms from dietary sugars as a luxury substrate. 
Miller at the same time was the first to indicate the most Important possibilities to prevent 
caries by eliminating the causative factors: 
(1) by hygienic measures to secure the best possible development of teeth; 
(2) by repeated, thorough, systematic cleansing of the oral cavity and the teeth, to so 

far reduce the amount of fermentable substances as to materially diminish the 
production of acid, as well as to rob the bacteria of the organic matter necessary to 
their rapid development; 



(3) by prohibiting or limiting the consumption of such foods or luxuries which readily 
undergo acid fermentation to remove the chief source of the ferment-products 
Injurious to the teeth; 

(4) by the proper and intelligent use of antiseptics to destroy the bacteria, or at least to 
limit their number and activity. 

Miller's logic Implicitly included the possibility to predict high carles activity if the 
cariogenic factors (especially acldogenlc bacteria and carbohydrate substrates) were 
abundant, and to predict freedom from caries If these causative factors were weak. 

During the 1970's increasing knowledge about Important details of the pathogenesis of 
carious lesions stimulated new attempts to improve carles prediction and identification of 
risk groups. Optimism in this respect was Justified by the discovery of a of group 
microorganisms, now called "mutans streptococci" (MS), which: 

formed more acid, and more rapidly than others from sugars, 
were more acidurlc (= acid tolerant) than other acid formers, 
formed extracellular polysaccharides, a key constituent of adhesive, tenacious 
microbial plaque on tooth surfaces. 

Klock and Krasse (1979) were the first to use Individual numbers of MS to predict future 
carles prevalence In children, while at the same time taking Into account two other 
determinants. The first was the number of new small enamel white spot lesions as an 
Indicator (rather than predictor) of beginning carles activity; the second was buffering 
capacity and secretion rate of saliva which has a considerable capacity to remineralize 
and thus continuously repair enamel under caries attack. 

The predictive power of this assessment of the Individual caries risk was not very high. The 
reason for this most likely was the fact that many Important etiological factors chosen as 
determinants of caries activity were not considered In the model. One of these factors not 
taken into account was the number of sugary meals determining the rate of acid attack, 
and the other was the availability of fluoride which is known to considerably enhance the 
rate of remineralisation (ten Cate and Duijsters, 1982 ). 

Considering the encouraging results of Klock and Krasse (1979) with their limited number 
of determinants, it seemed promising to study the predictive power of an increased 
number of factors in the multifactorial mechanism of development of carious lesions. From 
their function described before it seemed feasible to concentrate on Incorporation of: 
1. A dietary history with emphasis on elucidation of the number of sugar-containing 

meals, snacks and drinks, and 
2. the frequency of administration of repair-promoting fluoride, and 
3. the level of oral hygiene. 

It seemed essential to continue counting mutans streptococci and lactobacilli according 
to Klock and Krasse (1979) due to their important role as cariogenic pathogens. On the 
other hand, due to the low discriminative power of the factor saliva (Klock and Krasse, 
1979; Crossner, 1981; Plenlhâkklnen, 1987; Sullivan and Schröder, 1989) and the general 
lack of deficiencies in young children, the collection of data on salivary secretion could 
be omitted. 
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1.1 Definition of the high risk patient for caries 

While In the past carles was almost proportional distributed over the population, the 
present prevalence of dental carles In many young populations shows a skewed 
distribution CTruin et al., 1991). The patient at risk Is the person with the potential to attract 
the disease due to genetic or environmental conditions. For the patient with a high carles 
risk there is no generally accepted definition. Grahnén et al (1977) defines the patient with 
a high carles risk as the patient who develops more carious lesions than the average 
number of lesions in the whole population examined. This means that, when differences in 
the average carles frequency exist between two populations, patients with an equal 
number of carious lesions are defined differently depending on the population within 
which they are living. Another possibility Is to determine arbitrarily that a patient Is at risk 
when he/she develops more than three new carious lesions within one year (Stecksén-
Blicks and Gustafsson, 1986). In certain populations these definitions may be useful. 
However, a disadvantage of these two definitions is that a patient is considered to be at 
risk at a moment that caries has developed already. At that moment preventive 
measures are insufficient, and restorative treatment Is already necessary. Especially In a 
young population one would like to avoid any restorative treatment as the cooperation 
of the patient will be limited. When children of two to three years old visit a dentist, most of 
them will be carles free. This Is an Ideal situation because at that moment preventive 
measures can be very effective In helping to prevent the development of dental caries. 

Looking at the consequences for the dental treatment, one might define the young 
patient with a high carles risk as; the patient who Is likely going to develop caries In the 
future when no additional preventive measures are taken. 

1.2 Aim of the study 

The major aim of this study was to investigate if a predictive test for dental carles In 
preschool children could be constructed which enables a good discrimination between 
the future caries free- and carles active children. An important feature of such a 
predictive test should be its feasibility in a general dental practice. 

Due to the lack of longitudinal dental data of very young children In the Netherlands this 
cohort study was also meant to describe the long term behaviour of the determinants of 
dental carles In 2-to-5-year-old children. 
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2 Study design, methods and data quality 

2.1 Introduction 

Since 1974 all parents In Nymegen and the surrounding villages have received a letter 
from the local government as soon as their child reaches the age of two. This letter makes 
them aware of the need for good dental care. The parents are then asked to return this 
letter In which they can make a choice for treatment by their family-dentist, the 
pedodontlc department of the University of Nymegen, or the child dental health center In 
Nymegen. The returned letters are sent to the service that the parents prefer, and the 
child Is called as soon as possible for a first dental visit. The children, sampled for this 
longitudinal study, were living In the city of Nymegen or in the surrounding villages and 
visited the child dental health center in Nymegen. Traditionally In the Netherlands the 
child dental health center Is chosen by parents who appreciate the child-tailored 
approach, or by parents who do not regularly visit a dentist themselves. The child dental 
health center was selected for the study because it would be possible to get enough 
participants within a short period of time. The carles activity was expected to be high 
enough as about 50% of the 5-year-old children In this clinic had dental caries at the time 
that the study was started. The study had to be embedded in the normal organization of 
this clinic where dentists and dental nurses are working and children have check-ups 
every half a year. This has certain limitations as not all the circumstances can be 
controlled or changed. For example, one has to comply with the way of dental treatment 
and procedures In the clinic. A study design, totally different from the normal treatment 
procedures at the clinic, would Inevitably lead to a larger non-partlcipatlon of the 
children. Another disadvantage, from a methodologie point of view, was the fact that the 
dentist-examiner was responsible for both the collection of the data and the dental 
treatment. A study design with a dentist who is collecting the data and a second dentist 
who is responsible for the dental treatments may be preferable but Is not applicable In a 
group of very young children. Most of the parents want their child to be treated by one 
and the same dentist during a longer period of time, and a change in persons will have a 
negative effect on the cooperation as well as the participation of the young child. 

Population of the study 

Between October 1985 and June 1987 all parents of new patients, younger than three 
years of age, and visiting the child dental health center were asked permission for 
participation In this Investigation. It was made clear that the only difference with the 
regular treatment would be that they had to pay an extra visit at the start of the study. 
The parents were motivated by the understanding that their child would receive extra 
time to get used to the dental environment and that more information about the diet 
could be given. Children from ethnical minorities were not excluded from the study but It 
was a condition that at least one of the parents of the child should speak the Dutch 
language to be able to acquire the correct Information. 
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291 children were examined at a first appointment and 252 of them, with an average age 
of 2 years and 3 months (range 1 year and 11 months - 2 years and 10 months), 
participated In this study. Of this group 49% were boys and 51% were girls. 

This group of children was examined at six month Intervals until they reached the age of 
five years. Depending on the age of the children at baseline, they participated In this 
study for 2.5 to 3.5 years. Ideally a child was 2 years old at the first visit and 5 years at the 
7th visit. But when the child was older than 2.5 years at baseline, he or she would have 
reached the age of 5 at the 6th examination which then was the last one. As shown In 
table 2.1, the data which were collected varied with the visit. 

Table 2.1 Data collected at each visit. 

Data collected 

Social background 
Dental information 
about the parent 
Dietary information: 
- 7-days dietary diary 
- 24-hour recall 
Intra-oral examination 
Bacteriological 
sampling 
Radiographs 

Visit 
Baseline 2 3 4 5 6 7 

X 
X 

X 
X X X X X X X 
X X X X X X X 
X X X (X) X 

(X) χ 

(X) Only In case of final examination 

Inevitably some variation in Intervals occurred because of illness, holidays or other 
reasons. Incidentally the period between two visits was one year due to a prolonged 
illness of the child or of the parent. When a child visited the clinic at the moment that the 
dentist was not present, it was asked if he/she could return another time. When this was 
Impossible, the child was seen by another dentist and the data collected during this visit 
were not used In this study. If bacteriological samples could not be taken at the regular 
Interval, they were collected at the next visit. In order to obtain information about the diet 
of the child during a week day using the 24-hour dietary recall method, the Investigation 
was not performed on Mondays. By collecting all information In the morning it was 
possible to process the bacteriological samples In the laboratory on the same day. At the 
final examination bacteriological samples were always collected and when not all the 
approximal surfaces of the deciduous molars could be visually inspected, bitewlng 
radiographs were made. A comprehensive description of the measurements, used in this 
study, is presented In the following paragraphs. 

During the study the number of subjects decreased for reasons such as migration, 
problems with arranging an appointment, and leaving the child dental health center. 
When a child left the dental health center it was not possible to detect the reason for 
leaving in most of the cases. The participation of the subjects may have been influenced 
by several extraneous factors. During the study most of the child dental health services in 
the Netherlands were abolished. In Nymegen there had been a lot of discussion about 
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the future of the child dental health center. Many parents had to be convinced that the 
dental treatment of their child at the center could be guaranteed in the near future. 
However, other parents decided to leave the child dental health center and took their 
child to their family dentist or the pedodontic department of the University. Another factor 
that may have had an effect on the participation were the fees of the treatment at the 
center. At the beginning of the study there was a subscription rate for children with a 
private Insurance. As this subscription rate was rather high in case that the child remained 
carles free, several children may have left the clinic. In Nymegen, for this reason the 
subscription rate was replaced three years after the start of this study by the normal fees 
that are used in dentistry. For some parents of caries active children this may have made 
the child dental health center less attractive. No efforts were made to find out the exact 
reasons for the drop-out. 

2.2 Methods of collecting data 

In this study data were collected by Interviewing the accompanying adult, by performing 
Intra-oral examinations and bacteriological sampling of the child as well as the parent. 
The young age of the children, the extenslveness of the information to be gathered and 
the purpose to develop a carles predictive test which is applicable In a general dental 
practice, should be considered. The various tests had to be suitable for use In young 
children with a limited cooperation and ideally a combination of all these tests must be 
applicable In one visit. The young child was always accompanied by an adult. In most 
cases a parent and Incidentally a nurse. This person was interviewed to gather information 
about the child. At the start of the study, data were collected in two sessions for several 
reasons. Firstly, the amount of information at baseline (especially about the diet) was too 
much to collect during one visit. Secondly, the young child had more time to get 
accustomed to the environment and the dentist. This might have had a positive effect on 
the cooperation of the child on the short and long term. In most of the cases the Intra-oral 
examination was postponed to the second session. At baseline, additional Information 
was obtained about the dental and bacteriological status of the parent who was most 
closely involved in upbringing the child. Normally this was the mother and incidentally the 
father of the child. 

2.2.1 Data collected by interviewing the parent 

Social status of the family 

Information about the social background was recorded at the first examination by 
interviewing the accompanying adult about the type of insurance (National health 
service. Private Insurance) and the level of education. 
The level of education of the parents was divided into three categories: 

Low level: primary school or elementary vocational training, 
Middle level: secondary - or high school education. 
High level: university training. 
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Diet of the child 

At the first visit, baseline data concerning the diet was collected with the help of the 24-
hour recall method (van Schaik, 1971). The parent was asked to describe the food Intake 
of the child during the preceding day. At that time no comments were made on the 
information gathered, but the importance of a good diet was stressed. Furthermore, the 
parent was asked to record the food Intake of the child during one week using a dietary 
diary (Young et al., 1952). In this 7-day dietary diary the hours at which food was 
consumed were also recorded. The procedure was described In detail and the relevance 
of a good Insight In the child's diet was explained. When the diet was healthy, positive 
aspects were emphasized. When the diet appeared to be carlogenic, the possibility of 
spotting undesirable components In the food was stressed. The average number of food 
Intakes, and particularly those containing fermentable carbohydrates (defined as sugar-
containing Intakes), were calculated for week days, the weekend days and the whole 
week. Various types of sugar were not differentiated. When the Interval between two 
food intakes was less than 20 minutes, they were counted as one. Baseline data 
concerning the diet were only collected at the first visit. In all subsequent visits only the 24-
hour recall method was used. 

Special attention was paid to the feeding with nursing bottles. The frequency of their use 
and the times of feeding over 24 hours were recorded. When the child needed more than 
20 minutes to empty a bottle, two food intakes were counted. 

The contents of the bottle, was differentiated In: 
- Water. 

Tea. 
Milk. 
Unsweetened softdrlnks. 
Sweetened and unsweetened softdrinks. 
Sweetened drinks. 

Use of fluoride 

The administration of fluoride was registered at each examination. 

Most of the toothpastes contain fluoride In varying concentrations. The type and amount 
of toothpaste used for each brushing was recorded: 

No toothpaste at all. 
Toothpaste without fluoride. 
Toothpaste with a low concentration (0.025%) of fluoride. 
Toothpaste with normal concentration of fluoride (0.1 -0.15%) but only a small amount 
«Igr). 
Toothpaste with normal concentration of fluoride (0.1-0.15%) equal to or more than 1 

gr. 

The mean amount of toothpaste Ingested by a child Is strongly depended on his/her age. 
On average one third of the total amount of toothpaste applied on the brush. Is Ingested 
In a group of 2-to-4-year-old children (Bamhart et al., 1974). 
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The actual administration of fluoride by toothpaste Is also influenced by the frequency of 
brushing. Therefore, the parents were asked how often the teeth of the child were 
brushed per day. 

The additional fluoride Intake per day from tablets was recorded as: 
No fluoride supplements. 
One fluoride tablet (0.25 mg). 
Two fluoride tablets (0.50 mg). 
Three fluoride tablets (0.75 mg). 
Four fluoride tablets (1 mg). 
Irregular administration of tablets. 

The total fluoride consumption was described as the total daily amount of fluoride 
Ingested from toothpastes and tablets. An assessment of the daily Intake of fluoride, 
assuming that 1 /3 of the toothpaste is swallowed was calculated by: (number of tablets χ 
0.25 mg) + 1/3 (amount and type of toothpaste χ frequency of brushing). 

2.2.2 Bacteriological data 

Sampling technique 

For bacteriological analysis plaque and saliva samples were collected at the start of the 
study and subsequently once a year. When no sample could be obtained, the attempt 
was repeated at the next visit. At the last examination, plaque and saliva samples were 
always taken, 

The saliva sample was collected at the start of each intraoral examination. Owing to this 
the sample was not influenced by the mobilisation of plaque due to dental procedures. In 
very young children collecting saliva is more complex than in older subjects. Saliva 
samples were taken by moving cotton pellets, held by tweezers, through the oral cavity. 
Contacting the teeth was avoided. The saliva-soaked pellets were gathered In a glass 
bottle until 1 ml of saliva could be substracted. 

After the collection of saliva, the front teeth were dried with air, and with a piece of 
dental floss plaque was scraped from the interdental spaces of the upper Incisors and the 
mesial surfaces of the canines. When as result of a trauma or an extraction one of the 
Incisors was absent, plaque was also taken from the distal surfaces of the canines. Finally, 
the piece of floss was placed In 1 ml of saline and transported to the laboratory. 

Laboratory procedures 

Within 5 hours after collection all bacteriological samples were processed at the 
microbiological laboratory of the dental school of the University of Nymegen. Plaque 
samples were homogenized and cotton pellets were treated by ultrasonic dispersion for 
20 seconds at 0° С using a Kontes cell dlsruptor, and serially diluted 10 fold. Plaque 
samples were plated onto TSY20B agar (Schaeken et al, 1986) and saliva samples onto 
TSY20B agar and Rogosa SL agar. All plates were Incubated at 37° С in an atmosphere of 
91% N2,5% CO2 and 4% H2 for 5 days. 
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The plaque samples were used to assess the presence and numbers of mutans 
streptococci. The saliva samples were analysed for the presence and numbers of mutans 
streptococci as well as lactobacllli. 

2.2.3 Intra-oral examinations 

At every visit the mouth was examined and the presence of approxlmal contacts In the 
dentition, decayed, missing or filled deciduous teeth (surfaces), and gingival inflammation 
was recorded. 

The contact areas between the first and the second primary molar were examined In 
each quadrant and scored as open or closed : 

Approximal surface of first and/or second molar can be examined visually. 
Approxlmal surface of first and/or second molar cannot be examined visually. 
No clinical examination possible because of lack of cooperation. 

Recording dental caries 

The tooth surfaces were visually examined. A probe was only used to remove plaque or to 
detect any loss of tooth substance when this was suspected. When the teeth had to be 
cleaned this was done after collecting the saliva and plaque sample. 

After drying the teeth with air, each tooth surface was recorded according to the 
following criteria: 
0 = No signs of caries. 
1 = White spot. Intact enamel. 
2 = Dark (yellow/brown) discolouration. Intact enamel. 
3 = Discolouration accompanied by loss of surface continuity of enamel. 
4 = Cavity progressing Into dentin. 
5= Restoration. 
6 = Extracted because of carious destruction. 
7 = Tooth not erupted yet. 
8 = Cavity In the dentin without visible loss of surface continuity of enamel. 
9 = Tooth present but not examined because of lack of cooperation of the patient. 

The scores 1 and 2 may represent the same condition but they are distinguished from 
each other because the presence of dark dlcolourations can be diagnosed In a more 
reliable way. 

White dlscolourations in the enamel, developmental In origin, were frequently present in 
the study population and hampered the diagnosis of white spot lesions. The white spot 
lesions were separately recorded In order to prevent an overestlmatlon of caries activity. 
Finally they were not Incorporated in the carles diagnosis. 

The diagnosis "carious lesion" was finally divided Into three cumulated categories: 

da = Dark discolouration, loss of enamel or cavity into the dentin (score 2,3,4,8). 
db = Loss of surface continuity of enamel or cavity Into the dentin (score 3,4,8). 
dc = Cavity into the dentin (score 4,8). 
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These categories are not exactly the same as described by the WHO (1977, 1979) or 
Marthaler (1966). In the Di category of the WHO (almost comparable with the d a cate
gory In this study) white spot lesions of the smooth surfaces are Included. The Оэ condition 
according to Marthaler Is comparable to the dc condition In this study. However, 
Marthaler and the WHO do not explicltely use the score 8 (cavity In the dentin without 
visible loss of enamel). 

Posterior bltewlng radiographs were made at the age of five years when the approxlmal 
surfaces could not be inspected. All the radiographs were made and developed under 
standardized conditions by a trained dental assistent. 

Caries on the bitewlng radiographs was Independently diagnosed by two experienced 
dentists and scored according to a modification of the method of Marthaler (1966): 
0 = No signs of carious decalcification. 
1 = Radlolucency In the enamel layer, which does not reach the dentlno-enamel 

Junction. 
2 = Radlolucency visible In the Inner half of the enamel layer reaching the dentlno-

enamel junction. 
3 = Radlolucency visible in the dentine. 
4 = Radlolucency visible in the inner half of the dentine. 
5 = Restoration. 
X = Corresponds to a surface unavailable for examination as In clinical recording. 

Instead of a division of enamel carles Into lesions In the Inner or outer half of the enamel 
layer, a separation was made between lesions extending or not extending to the dentlno-
enamel junction. In case of difference In judgement between both examiners, consensus 
was obtained by re-examining the bitewing radiographs. 

Plaque and gingivitis 

Presence of plaque and gingivitis were scored in a simplified manner by modification of 
the Suomi-Barbano-index (Suomi and Barbano, 1968) and the plaque-index by Silness and 
Loe (1964). Only four sites In the mouth were checked. In the upper Jaw the buccal 
surfaces and In the lower jaw the lingual surfaces of the most distal molars were 
examined. After drying the teeth with air, the presence of dental plaque was Initially 
scored without using a probe and subsequently the condition of the gingiva was 
investigated for the presence of a discoloration or spontaneous bleeding. After the first 
visual inspection a periodontal probe was gently moved along the inspected tooth 
surfaces while it was In slight contact with the marginal gingiva. 

The plaque scores were defined as: 

No plaque present. 
Thin layer of plaque adhering to the marginal gingiva and the Joining tooth surface. 
Plaque becomes only visible when using a probe. 
Soft debris visible on the gingiva and tooth surface. 
No clinical examination possible because of lack of cooperation. 
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Gingivitis was scored as: 

No signs of inflammation. 
Mild discolouration but no bleeding after probing. 
Discolouration accompanied by bleeding, spontaneous or after a gentle contact 
with a periodontal probe. 

2.2.4 Dental health related data of the parent 

Information was also gathered concerning the dental health of the parent who played 
the major role in raising the child. The accompanying parent was asked If he or she visited 
a dentist at regular Intervals of six months. 

Bacteriological data 

At the start of the study, a paraffin-stimulated saliva sample was taken. The parent was 
asked to chew on a piece of paraffin until at least 1 milliliter of stimulated saliva could be 
collected. This sample was analysed for the numbers of mutans streptococci and 
lactobacllli. The bacteriological procedures were the same as described In section 2.2.3. 

Denial examination of the parent 

The oral cavity of the parent was visually Inspected and the DMFT status was recorded 
according to the WHO criteria (1977). The presence of removable appliances was sepa
rately noted. 

2.3 Data quality 

In this paragraph the quality of all the data collected, and the carles scores In particular, 
will be analysed. Attention has to be paid to the quality of the data before subjecting 
them to further analysis. When more observations are available, the quality of the 
measuring Instruments and data can be assessed. For example, the reliability of the data 
can be tested with standard analysis of duplicate observations. In a study which Involves 
only one examiner, the reproducibility of the measurements can be evaluated by 
assessing the intra-examlner agreement. Such a test requires a situation In which the 
examiner Is unaware of the fact that he is repeating the observation. This may be possible 
In a large epidemiologic survey where a lot of subjects are quickly examined without 
prolonged contact between the examiner and the subject. The first measurement may 
not alter the actual situation as this would Influence the re-measurement. However, this 
study was performed with very young children which meant that a friendly working 
relationship between the child and the investigator was of a major Importance to enable 
the performance of measurements. Under these conditions It seemed Impossible to do a 
blind duplicate measurement within a short period of time. The value would be limited 
even If a blind condition could be created. The carles score would be the only variable in 
this study suitable for such a duplicate measurement. This variable Is appropriate since It 
will not change In a short period by the measuring technique or dental visit. The plaque 
score required removal of the plaque from the tooth surface and therefore it could not be 
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repeated on the same day. The gingivitis score necessitated probing of the gingiva which 

could cause a reaction of the gingiva. Influencing the re-measurement. A re-

measurement after one week would also have had a limited value because an oral 

hygiene instruction was given to children with a b a d oral hygiene. This instruction would 

probably Influence a re-measurement within a short period of time. For bacteriological 

tests plaque and saliva samples were taken under standardized conditions. A direct saliva 

re-measurement would only evaluate the accuracy of the method, while not taking Into 

account dally fluctuations of the oral microflora. All other data used in this study were 

collected by interviewing the accompanying adult and therefore re-measurement was 

not feasible. To summarize. It can be said that the possibilities of re-measurement 

agreement In this study were limited. Moreover, the extra effort asked from the children 

and their parents might result In a reduced Interest to participate In this longitudinal study. 

Instead of re-assessment of the different variables, the reproducibility of the measurement 

was estimated using the natural repetition of the measurements in a longitudinal study the 

so called Inter Period Correlation matrix (IPC) analysis (van 't Hof and Kowalski, 1979). 

2.3.1 The Inter Period Correlation (IPC) matrix-analysis 

The IPC-analysIs Is especially suitable for longitudinal studies with repeated observations or 

measurements between the Initial and final collection of data, With this type of analysis 

the reproducibility of data In a study can be assessed when changes In health status and 

behaviour over time are measured. The IPC analysis enables the Investigator to separate 

errors of measurement (e) from differences in developmental changes (g) in relation to 

the standard deviation In the considered population (s). The Inter Period Correlation 

matrix contains the correlations between the measurements of one and the same 

variable at different times of measurement. In general the correlations will decrease with 

increasing time Interval between the measurements. When the interval between two 

measurements Is short, the correlations mainly express the error. The correlations between 

measurements with a long time interval mainly express differences over time. Plotting the 

correlations against the time interval will mostly result in a decreasing line of negative 

slope. The Intercept (ro) estimates the correlation between the measurements with an 

interval of 0 and may be interpreted as the test-retest correlation. This intercept may serve 

as an Indication for the reliability of the variable as it is associated with the error In the 

measurement or observation. A low value for the Intercept can result when the variable Is 

difficult to score, or shows a low variance in the population. The slope of the regression 

line Is an Indication for the variability in the development. With increasing variation In the 

development the slope will become steeper. 

The following relationships can be stated: 

ro = 1 - e2/s2 or e W = 1 - ro and 

slope = -g 2 /s 2 or g2/s2 = -2 χ slope and 

e2/g2 = (l-ro)/-2x slope 

In a longitudinal study the parameter e ^ g 2 = 1 means that between two succeeding 

measurements the error variance is of the magnitude of the variance of Increments. A 

higher value means a greater error. The value for e 2 / g 2 can be Interpreted as the time 
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Interval that Is needed to obtain a value of 2 equal to g2. The value e2 = g 2 gives 
Information about the measurability interval that is the Interval needed to measure Inter-
Indlvidual differences of Increments. When e2/g2 = 2, this means that an Interval of two 
times longer than the original Interval equals the variance in measurement and the error 
variance. The quality of the IPC-analysIs can be seen from the residual standard deviation 
around the regression line. The lower the residual standard deviation Is, the closer are the 
correlations to the regression line which means that the quality of the data Is more 
consistent. Note that the IPC-analysis considers short term variability to be error variance. 
Indeed short term fluctuations can not be explained by global long term Information. 

Longitudinal consistency of the bacteriological data 

Bacteriological samples were collected at baseline, and subsequently at 1 year Intervals 
up to the final examination. The saliva samples were tested for numbers of mutans 
streptococci and Iactobacilii and the plaque sample for numbers of mutans streptococci 
only. The results of the IPC analysis for the bacteriological variables are given In figure 2.1 
and table 2.2. 

Figure 2.1 IPC analysis for numbers of mutans streptococci In plaque, mutans 
streptococci in saliva, and Iactobacilii In saliva. 
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Table 2.2 Additional information concerning the IPC-analyses of the bacterial counts. 

Numbers of Estimated 
test/retest 
correlation 

Mutans streptococci In plaque 0.50 
Mutans streptococci in saliva 0.79 
Lactobacilli in saliva 0.59 

e2/s2 

0.50 
0.21 
0.41 

g2/s2 

0.13 
0.38 
0.34 

Residual 
SD 

0.13 
0.10 
0.19 

Measurability 
Interval (yrs) 

3.8 
0.6 
1.2 

The test/retest correlation for the lactobaclllus counts in saliva was .59, and .79 for the 
mutans streptococci in saliva. The measurability intervals for the numbers of mutans 
streptococci In saliva are shorter than the 1 year-Intervals used in this study. The residual 
standard deviation for the numbers of mutans streptococci in plaque was higher 
compared to the deviation of mutans streptococci In saliva. This can be explained by the 
fact that saliva better reflects the mutans population on the whole dentition, than plaque 
from a particular surface. Because lactobacllll are often present as a transient in young 
children, the residual standard deviation of this microorganism was relatively high. 

Longitudinal consistency of the 24-hour recall of food consumption 

With the help of the 24-hour recall method, the food pattern was evaluated longitudinally. 
The result of the IPC analysis for the dietary Information Is given in figure 2.2 and table 2.3. 
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Figure 2.2 IPC analysis of the dietary Information collected with the 24-hour recall 
method. 
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Table 2.3 Additional Information derived from the IPC-analysIs of the 24-hour recall 

method. 

Estimated e 2 ^ 2 

test/retest 

correlation 

All food intakes 0.42 0.58 

Sugar-containing food intakes 0.40 0.60 

Slope 

( g 2 ^ 2 ) 

0.15 
0.09 

Residual Measurabllity 

SD interval (yrs) 

0.08 1.9 
0.09 3.3 

The test/retest correlation of the 24-hour recall method was low. The measurability 
intervals exceeded the time Intervals between the observations. Several effects may have 
contributed to the low consistency of this dietary Information in the IPC analysis. Firstly, the 
day on which the 24-hour recall Information was obtained may not have been a 
representative day. Secondly, one had to rely on the accompanying adult for the dietary 
information. This person might have had problems remembering, or was unaware of the 
actual eating behaviour of the child. And thirdly, especially in case that more people 
were Involved in upbringing the child, the dietary pattern might not be consistent during 
the week. The age of the child will also have Influenced the reliability of the dietary 
information. With Increasing age of the child, he/she will go outdoors more frequently and 
thus parents appear to loose Insight In the eating behaviour of their child. 

Longitudinal consistency of the oral hygiene measurements 

The accompanying adult was interviewed on each examination to get an Insight In the 
child's habits regarding brushing frequency, use of fluoride tablets and the total fluoride 
ingestion. The results of the IPC analysis for these variables are presented in figure 2.3 and 
table 2.4. 
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Figure 2 3 IPC analysis of the variables fluoride and brushing frequency. 
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Table 2.4 Additional information derived from the IPC-analysis of the fluoride variables 
and brushing frequency. 

Estimated eS/s2 

test/retest 

correlation 

g2/s2 Residual Measurability 

SD Interval (yrs) 

Frequency of toothbrushmg 

Fluoride obtained from tablets 
Fluoride Ingested from 

toothpaste 

Total fluoride Intake 

0.59 
067 

0.64 

061 

0.41 

0 33 
0.36 

0.39 

0 30 
0 22 

0.40 

0 25 

0 13 

006 
0.07 

006 

0.7 

0 8 

0.5 

0.8 

The use of fluoride tablets demonstrated the highest test/retest correlation while the 
variation was relatively low. The measurability interval was higher than the interval 
between two observations From the slopes It appeared that the most distinct changes 
took place for the fluoride intake by toothpaste and subsequently also by the brushing 
frequency of the child. 
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Longitudinal consistency of the plaque and gingivitis scores 

The presence of plaque and gingivitis was recorded on each Intra-oral examination. The 
average scores were calculated and the highest score found at a site was taken. The 
results are presented in figure 2.4 and table 2.5. 

Figure 2.4 IPC analysis of the plaque and gingivitis scores. 
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Table 2.5 Additional information derived from the IPC analysis of the plaque and 
gingivitis scores. 

Average plaque score 
Maximum plaque score 
Average gingivitis score 
Maximum gingivitis score 

Estimated 
test/retest 
correlation 

0.49 
0.34 
0.43 
0.28 

e2/s2 

0.51 
0.66 
0.57 
0.72 

g2/s2 

0.24 
0.23 
0.12 
0.08 

Residual 
SD 

0.10 
0.08 
0.10 
0.07 

Measurability 
interval (yrs) 

1.1 
1.4 
2.4 
4.5 

The estimated test/retest correlations were low for all these variables. The plaque scores 
were higher than the gingivitis scores and the average scores demonstrated a better 
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behaviour than the maximum scores. The measurabllltv Interval far exceeded the interval 
of 1/2 year. 

Longitudinal consistency of the caries scores 

In the longitudinal group only those children (n=222) were placed from which 3 to 7 caries 
recordings were obtained. For all three visual caries scores (damfs, dbmfs and dcmfs) the 
results of the IPC-analysis are shown in figure 2.5 and table 2.6. 

Figure 2.5 IPC analysis of the three dmfs scores 
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Table 2.6 Additional information derived from the IPC analysis of the dmfs scores. 

d a mfs 

dbmfs 
d c mfs 

Estimated 

test/retest 
correlation 

1.02 

1.07 
1.07 

e2/s2 

low 
low 

low 

g2/s2 

0.18 

0.22 

0.26 

Residual 

SD 

0.10 

0.12 

0.11 

Measurability 

interval (yrs) 

<0.5 l) 

<0.5 l) 
<0.5 1) 

^ Due to the high estimated test-retest correlation no specification may be given. 
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The caries score showed a very low variation at baseline. Therefore, this variable was less 
suited for the IPC analyses and correlations higher than 1.0 were found. However, the 
direct estimation of the intercept from the plot resulted in high values from which it could 
be concluded that the test/retest correlation was high. The values for the measurablllty 
intervals revealed that the interval of time between two observations necessary to 
separate the individual differences In increments from the measurement error were within 
the time intervals used In this study. 

Looking at the data In more detail, the dmfs counts appeared not always to be consistent 
on the long term (table 2.7). 

Table 2.7 Longitudinal behaviour of the dmfs counts (visual examination). 

Longitudinal 
behaviour 
No caries 
Stable carles or increasing 
Carles reversal observed at one 
or more occasions 
Total 

damfs 
96 
82 
44 

222 

Number of children 
dbmfs 
160 
59 
3 

222 

dcmfs 
169 
53 

-

222 

There are several explanations for the Inconsistency in the damfs score. In this group of 222 
children congenital enamel disturbances were present In 103 of them. The differential 
diagnosis between these disturbances and dlscolouratlons due to the development of 
caries is difficult and would lead to misinterpretation of the origin of the discolouration. 
Also the presence of pigmentation on the teeth, rampant carles and non-cooperative 
behaviour of the child would further hamper the diagnosis of dental caries. On the other 
hand, superficial defects in teeth might disappear with time because the physiological 
wear in the primary dentition is high. Especially when the child turns to the habit of bruxism 
(pressing upper and lower teeth together, and grinding) or when hypomineralized enamel 
is present, extensive wear can be seen, From the 44 children In which reversals of the 
damfs-score were observed, 16 showed developmental disturbances In the enamel, 7 
had bruxism, and 14 had developmental disturbances in the enamel as well as a habit of 
bruxism. The other caries scores are more reliable as they are apparently less sensitive for 
misinterpretations and changes due to wear. 

In the dbmfs-group three children showed reversals In their caries scores. Two of them had 
rampant caries while In the other child the closure of the Interproximal contacts between 
the molars prevented a correct diagnosis of the lesions present on an approximal surface. 

The IPC-analysIs showed a large variation In values for the measurement/remeasurement 
correlation and measurabllity Interval of the variables (Table 2.8). 
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Table 2.8 Summary of the Intercepts and measurablllty Intervals for the various 
variables. 

Measurement/ 
remeasurement 
correlation 
Very good (0.90-1.00) 

Good (0.70 - 0.90) 
Moderate (0.50-0.70) 

Low (0.30 - 0.50) 

Very low (< 0.30) 

Variable 

damfs 
dbmfs 
dcmfs 

Numbers of mutans str. In saliva 
Fluoride ingested from toothpaste 
Frequency of toothbrushing 
Fluoride obtained from tablets 
Total fluoride ingestion 
Numbers of lactobacilll in saliva 
Numbers of mutans str. In plaque 
Average plaque score 
Average gingivitis score 
Maximum plaque score 
All food intakes (24 hr recall) 
Sugar-containing food Intakes 
(24-hr recall) 
Maximum gingivitis score 

Measurability 

Interval (years) 

<0.5 
<0.5 
<0.5 

0.6 
0.5 
0.7 

0.8 
0.8 
1.2 
3.8 
1.1 
2.4 
1.4 
1.9 
3.3 

4.5 

It can be concluded that the reproducibility of the carles scores was quite successful 
even for the damfs score which occasionally became less In 20% of the children as 
demonstrated In table 2.7. Due to the large number of observations, the effect on the IPC 
analysis was limited. The reproducibility of the numbers of mutans streptococci In saliva 
was also good. The lower value for the other variables can be explained by Improper 
measurements or real fluctuations of the variables. The lactobaclllus and mutans 
streptococcus counts were obtained from the same saliva sample. Therefore, the lower 
test/retest correlation of the lactobacllli will probably be the result of real fluctuations In 
the numbers of lactobacilll Instead of problems with the sampling technique. The lower 
test/retest correlation of the numbers of mutans streptococci In plaque than in saliva will 
have been Influenced by the amount of plaque present on the teeth. Considering the 
low test/retest correlation of the plaque score, a variation in the amount of plaque 
present on the teeth seemed evident. The plaque score is correlated with the gingivitis 
score. Gingivitis Is normally seen as a better Indication of the oral hygiene than the 
amount of plaque as brushing the teeth may Immediately remove the plaque but not the 
gingivitis. For this reason the very low test/retest correlation of the gingivitis score may 
reflect fluctuations as well as unreliable measurements. The low test/retest correlation of 
the dietary information can be caused by real daily fluctuations In the food Intake or the 
difficulty for the parents to remember the child's food Intake. The other variables 
recorded by Interviewing the parent Included the frequency of toothbrushing, fluoride 
tablets administration, and the total fluoride intake, It may be expected that these 
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variables will be more easily remembered by most of the parents than the dietary pattern 
since they will fluctuate less on the very short term. 

The results are difficult to compare with other studies which were all performed In older 
age groups. A study of De Vries (1989) reported on a IPC analysis In 8-year-old children 
over a period of 6 years. Nevertheless, her results are comparable to the present study as 
she found a good but somewhat lower reproducibility of the caries scores and a low 
reproducibility for the variables plaque (intercept .40) and gingivitis (intercept .16) which 
were measured In a different way. 

2.3.2 Reliability of the carles diagnosis 

The reliability of the carles diagnosis was also tested In terms of sensitivity and specificity. 
The sensitivity of a carles predicting test is the probability that an Individual with caries had 
a positive test result. The specificity Is the probability that an individual without carles had 
a negative test result. In an Ideal test the values of sensitivity and specificity should be 
100%. These values can be calculated when the Information of a prognostic test and the 
resulted carles-Incidence are available and the Individuals are grouped acccordlng to 
their predicted and real caries incidence. The sensitivity and specificity will change 
depending on the discriminating level of the screening criterion. A lower discriminating 
level will result in a higher sensitivity. The size of the risk group that still can be treated by 
the dental health services determines the lowest acceptable level of the screening 
criterion. The sensitivity and specificity influence the predictive value of a test. The 
positive/negative predictive value is the proportion of true positive/negative cases 
among the recorded positive/negative cases. The positive predictive value is also called 
the diagnostic power of the test. The predictive value of a test Is Influenced by the 
sensitivity and specificity of the test and the prevalence of the disease. A lower 
prevalence of a disease will lead to a lower positive predictive value and a higher 
negative predictive value of the test. The way of calculating sensitivity, specificity and 
predictive values Is presented In table 2.9. 

Table 2.9 Definitions of diagnostic quality. 

Disease (carious surfaces) 

D+ D" Total 

a = correct 
positive 

с = false 
negative 

a + с = diseased 
group 

b = false 
positive 

d = correct 
negative 

b + d = non-
diseased group 

a + b = positive 
test 

с + d = negative 
test 

a + b + c + d = 
total 
group 

D+ : disease present; D" : disease not present 
T+ : test result positive; T" : test result negative 
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Sensitivity = Proportion of positive test results In diseased cases 
a 

= 1 - P(false negative) = P(T+1D+), and Is calculated as 
a +c 

Specificity = Proportion of negative test result In non-diseased cases 

= 1 - P(false positive) = PCTID")- and Is calculated as b + d 

Positive predictive = Proportion of diseased cases when test result Is positive 

value =P(D+IT+) a 

a + b 
Negative predictive = Proportion of non-diseased cases when test result is negative 

d value =P(D-|T-) = c + d 

Sensitivity of the carles diagnosis 

At the final examination bltewlng radiographs were made when Interproximal contacts 
between molars were present. Radiographs conslstute a valuable tool for detecting 
approximai lesions In posterior teeth. In this study radiographs were used to test the validity 
of the clinical carles data. Previous studies (Foreest et al., 1983; Ruiken et al. 1982,1986a, 
1986b; de Vries et al., 1990) revealed that in permanent teeth the extra Information which 
radiographs can add to the clinical examination depends on the carles prevalence in a 
population and the experience of the observer. 

Bitewlng radiographs were taken at the end of the study (when the children had reached 
the age of five and the approximai surfaces could not be diagnosed clinically) In a group 
of 182 children and were examined under standardized conditions by two experienced 
dentists. In case there were differences In diagnosis, agreement was achieved by 
discussion. 

Unreadable surfaces on the radiographs were eliminated. The dentists were unaware of 
the results of the clinical examination. The validity of the clinical and radiographical 
Judgements of the various tooth surfaces was related to the sensitivity, specificity and the 
negative predictive value of both sets of ratings (see table 2.9). 

In the diagnosis of carious lesions the sensitivity of the diagnostic test is defined as the 
proportion of surfaces, diagnosed to be carious according to the test, to the number of 
surfaces which are carious Indeed. The specificity Is expressed as the proportion of 
negative test results among sound surfaces. In order to calculate the sensitivity and 
specificity of a diagnostic test for dental caries, the use of a "definitive yardstick" or 
"golden standard" Is essential. Implying that correct diagnosis are present for all the 
included surfaces. To establish a golden standard, teeth should be extracted to allow a 
thorough examination. This is Impossible in this type of study and therefore the radiograph 
was used as a "golden" standard. Clinical signs of dental caries are normally weaker than 
the signs on the radiographs. However, both the clinical examination and the diagnosis 
with help of radiographs will underestimate lesion depth (Wenzel et al, 1990). For the 
Interproximal tooth surfaces, caries will not be diagnosed clinically In absence of a 
positive score on the radiograph. As a consequence, the specificity would amount to 
nearly 1.0 which is unrealistic. For similar reasons no positive predictive values were 
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calculated. The clinically established scores could be confirmed by the radiographs In 
most of the cases. 

To be able to compare the clinical data with the data collected by radiographs 
(paragraph 2.2.4), the dmfs scores were classified into a uniform scale (table 2.10). 

Table 2.10 Reclassification of the clinical dmfs scores and scores (occlusal and 
approximal tooth surfaces) from the radiographs (according to WHO criteria 
1977). 

Reclassified score Clinical score Score on radiograph 
0 = Sound. 0,1,2 0 
1 = Loss of enamel/lesion only In the enamel. 3 1,2 
2 = Lesion progressing Into the dentin. 4,8 3,4 
3 = Restoration present. 5 5 

When on the radiograph a lesion In the enamel reaching the dentino-enamel Junction 
was detected, the score 2 was given according to the WHO criteria. However, there are 
Investigators who state that when the radiograph shows a lesion reaching the dentino-
enamel Junction, the carles process will have reached the dentin clinically (Verdonschot 
et al., 1991). 

Diagnosis with radiographs of surfaces restored with radiolucent restorative materials (e.g. 
glass-ionomer cement) or slightly radiolucent materials (e.g. composite resin) appeared to 
be difficult. Differential diagnosis between a cavity or a glass-lonomer restoration Is hardly 
possible while small composite resin restorations on the occlusal surfaces can be 
undetectable on a radiograph. For this reason some of the data collected with the 
radiographs had to be corrected on the basis of the patient's file. The restorations, not 
diagnosed on the radiographs were not regarded as missing. Normally the Information 
about exclstlng restorations will be present, while the choice of amalgam as restorative 
material would also have prevented misinterpretation. 

Diagnosis of approximal surfaces 

As the specificity and positive predictive value are artificially chosen to equal 1 In all 
cases, only the sensitivity scores and negative predictive values of the clinical diagnosis of 
approximal carles are presented in table 2.11. On the approximal toothsurfaces, 
dlscolourations of the enamel cannot be diagnosed when approximal contacts are 
present. Moreover, dlscolourations of the enamel will not necessarily be visible on the 
radiograph. Therefore, only the dbmfs score (Including radiographic score 1 and 2) and 
dcmfs score (including radiographic score 3 and 4) were taken Into account. 
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Table 2.11 Sensitivity and negative predictive values of the clinical diagnosis of approxl-
mal tooth surfaces of deciduous teeth. 

Teeth 

Canines 
Molars 

Surfaces 
total η 

889 
2825 

Carious 
surfaces 

(%) 
2 
9 

dbmfs score 
Sensitivity 

0.13 
0.15 

Negative 
predictive 
value 

0.99 
0.92 

Carious 
surfaces 

(%) 
1 
6 

dcmfs score 
Sensitivity 

0.18 
0.30 

Negative 
predictive 
value 

0.99 
0.97 

When the lesions reaching the dentlno-enamel junction on the radiograph were judged 
as lesions progressing Into the dentin, the sensitivity further decreased (canines 0.15, 
molars 0.23). The sensitivity scores were very low and therefore the clinical diagnosis alone 
is unreliable for a correct Identification of approximal surfaces with carious lesions In 
children at five years of age. 

Diagnosis of occlusal surfaces 

Diagnoses of occlusal caries by radiographs Is considerably more difficult than the 
diagnosis of approximal carles. The clinical examination as well as the diagnosis with a 
radiograph will frequently underestimate lesion depth In permanent teeth (Wenzel et al., 
1990). In a well fluoridated population, the caries diagnosis will be further hampered as a 
dentinal carious lesion may be present In absence of a visible lesion In the enamel. For this 
reason a special score (score 8) was Introduced representing this condition. This score was 
mostly used on the occlusal surfaces as the outer surface of the tooth must allow visual 
Inspection. On the approximal surfaces a separation between score 4 and score 8 can 
not be made in presence of approximal contacts. In this study 34% of the dentinal carious 
lesions in the occlusal surfaces of the deciduous molars were not accompanied by visible 
loss of enamel. A golden standard Is not available for occlusal carles but Is best 
approached by combining the Information from the radiographs, the patient's file and 
the clinical examination. In that case one must be aware of the fact that the carles 
prevalence is still underestimated. The sensitivity, the specificity and the predictive values 
of the radiographs and the visual examination can be calculated when this combination 
Is accepted as a 'golden* standard. As the specificity and positive predictive value are 
taken to bel In all cases, only the sensitivity and negative predictive value of the clinical 
diagnosis and the diagnosis with help of radiographs are presented in table 2.12. 
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Table 2.12 Sensitivity and negative predictive values of the different diagnostic tests 
(clinical and radiographs) for the dbmfs score and dcmfs score In the 
occlusal surfaces of 1426 deciduous molars. 

Diagnostic 
method 

dbmfs score 
Clinical 
Radiograph 
dcmfs score 
Clinical 
Radiograph 

Carious 
surfaces 

(%) 
9 

8 

Sensitivity 

0.82 
0.87 

0.80 
0.89 

Negative 
predictive 
value 

0.98 
0.99 

0.98 
0.99 

The results for the clinical diagnosis of occlusal lesions progressing Into the dentin of 
deciduous molars were much better than for the approximal surfaces. However, radio
graphs appeared still more suitable to estimate the lesion depth. 
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3 Behavioural and clinical data 

In the dental literature the number of longitudinal studies focussing on determinants of 
dental carles In 2-to-5-year old children Is limited In comparison to older age groups. This 
chapter therefore presents a comprehensive description of the data collected at 
baseline and following examinations. By studying the children at various ages, it can be 
studied if tracking occurs. 

Only at baseline, data concerning the sociological background of the child and dental 
health of the parent were collected. Variables having a more direct relationship with the 
etiology of dental carles were measured every half year or once a year (bacteriological 
data). Since there were no differences observed depending on the sexes, the data will 
not be presented separately. 

3.1. Baseline data 

At baseline. Information was gathered by interviewing the parents concerning the diet 
and oral hygiene habits of the child, and by performing an Intra-oral examination. At the 
same visit, data were collected about the dental status and the dental attendance of 
the parent who was most involved in upbringing the child. 

3.1.1 Data collected by Interviewing the parent 

Diet of the child 

As described In chapter 2, the diet of the child was recorded with the help of a 7-day 
dietary diary and the 24-hour recall method. In these recordings the use of nursing bottles 
was Included. However, special attention was directed to the content and use of nursing 
bottles as these may be responsible for the development of caries at a very young age. 

- 24-Hour Recall and 7-Day Dietary Diary 

In the first session Information about the child's food intake from the preceding day 
(Including the number and content of the nursing bottles) was obtained from the 
accompanying adult with the help of the 24-hour recall method. At the start of the study 
Information about the diet was also collected using a seven days dietary diary. Although 
recording of a dietary diary requires more cooperation from the parents, the response 
rate was even better than for the 24-hour recall method. The 7-day dietary diary was not 
complete In only 8.7% of the children. The 24-hour recall method was unsuccesfull In 21.8% 
of the children because the accompanying adult was unable to provide this Information. 
From 6 children (2.4%) no dietary Information could be obtained at all. The 24-hour recall 
method was always related to week days because the children were not examined on 
Mondays. The numbers of all food Intakes, and in particular food containing sugar- or 
fermentable carbohydrates, are given in table 3.1. 
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Table 3.1 Average numbers of food Intakes and sugar-containing food intakes 
obtained from the 7-day dietary diary and 24-hour recall at baseline. 

Food intakes Average S.D Range 
per day 

24-hour recall (n = 197) 
All food intakes/week day 
Sugar intakes/week day 
7-days dietary diary (n > 237) 
All food Intakes/week day 
Sugar Intakes/week day 
All food intakes/weekend day 
Sugar Intakes/weekend day 
All food intakes/average week 
Sugar Intakes/average week 

The 7-day dietary diary made It possible to assess differences in numbers of food Intakes 
between a week day and a weekend day, and a week day according to the dietary 
diary or the 24-hour recall method. None of the differences appeared to be significant (T-
test). The Pearson correlation coefficients between the different scores revealed more 
variation as can be seen in table 3.2. 

7.0 
4.6 

6.9 
4.5 
6.9 
4.7 
6.9 
4.5 

1.6 
1.7 

1.4 
1.5 
1.7 
1.6 
1.5 
1.5 

4-13 
1-10 

4-12 
1 - 9 
3-12 
1-10 
4-12 
1 - 9 
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Table 3.2 Pearson correlation coefficients between the different dietary scores. 

Food int. Food int. Sugar int. Sugar int. Food int. Sugar int. Food int. Sugar int. 
week day weekend week day weekend average/ average/ 24-hr recall 24-hr recall 

day day week week 

Food intake 
week day 
Food Intake 
weekend day 
Sugar intake 
week day 
Sugar Intake 
weekend day 
Food Intake 
average/week 
Sugar Intake 
average/week 
Food Intake 
24-hr. recall 
Sugar Intake 
24-hr. recall 

1.00 

.77 

.60 

.54 

.94 

£0 

M 

.18 

.77 

1.00 

45 

.59 

.80 

.51 

.34 

.12 

.60 

.45 

1.00 

.77 

.59 

.94 

.23 

.51 

.54 

.59 

.77 

1.00 

.59 

.88 

.18 

.43 

.94 

.80 

.59 

.59 

1.00 

.62 

.43 

.19 

.60 

.51 

.94 

.88 

.62 

1.00 

,23 

.52 

.42 

.34 

.23 

.18 

.43 

.23 

1.00 

.49 

.18 

.12 

.51 

/43 

.19 

.52 

.49 

1.00 



On α group level the values obtained with both methods were almost the same. 
However, the correlation between the 7-day diary and 24-hour recall method was 
statistically significant but relatively low (p < 0.05). 

For the purpose of this study the average number of sugar-containing food Intakes per 
day was calculated by taking the mean score as derived from the 7-day diary and 24-
hour recall method. The results are presented In figure 3.1. 

Figure 3.1 Average number of sugar-containing food Intakes per day found at 
baseline. 
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- The use of nursing bottles 

Since nursing bottles are often administered to Infants and can be responsible for 
extensive carious attack, the number and contents of the bottles was registered 
separately. When the child did not empty the bottle within 20 minutes, the bottle was 
counted as two food Intakes. Some children had access to a bottle the whole day or 
night combined with an unpredictable drinking behaviour. Sometimes they emptied the 
bottle Immediately while on other occasions they appeared to drink several times from 
the same bottle. In that case it was Impossible to calculate the exact number of intakes 
during the 24 hour and two food Intakes were counted. 144 children (57.1%) used a 
nursing bottle every day with an average frequency of 1.9 bottles/day (range M 2). The 
content of the bottles varied largely (table 3.3). 
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Table 3.3 Content of the nursing bottles at baseline . 

Content of the bottle η % 
Water 
Tea without sugar 
Milk 
Unsweetened softdrlnks 
Varying content, with and without sugar 
Sweetened drinks 

θ 
4 

28 
4 

58 
42 

5.5 
2.8 

19.4 
2.8 

40.3 
29.2 

Total 144 100.0 

The parents were also asked during which part of the day their child had access to the 
nursing bottle. A majority (79.9%) only drank from a bottle at day-time and 5.5% only at 
night. The bottle was accessible at day- and night time for 14.6% of the children. 

Most of the parents were not aware of the severe carious attack that could result from 
frequently used nursing bottles. Parents were always advised to stop administering nursing 
bottles containing fermentable substrates. 

Oral hygiene procedures and fluoride Intake 

The actual use of fluoride at home was recorded at every examination by Interviewing 
the accompanying adult. Fluorides can be administered to children In several ways such 
as tablets, toothpastes and vitamin AD droplets. Toothpastes on the market vary In 
composition. Type, amount and fluoride concentration of toothpastes used for brushing 
the children's teeth, as reported In the Interview is shown in table 3.4. 

Table 3.4 Toothpaste used for brushing the children's teeth at baseline. 

Toothpaste η % 

No toothpaste or no brushing 
Toothpaste without fluoride 
Toddler toothpaste 0.025% fluoride 
Toothpaste 0.1 -0.15% fluoride = 0.40 gr 
Toothpaste 0.1 -0.15% fluoride £1 gr 

Total 252 loag 

The fluoride Intake from toothpaste will vary due to differences In the amount and type of 
toothpaste used per brushing. The mean amount of toothpaste Ingested by a child Is 
strongly depended on his/her age and will vary from child to child. Because on average 
one third of the total amount of toothpaste applied on the brush Is Ingested by 2-to-4-
year-old children (Barnhart et al.,(1974) this percentage was also used in this study. 

In order to calculate the amount of fluorides Ingested from toothpaste, the daily 
frequency of toothbrushlng Is noted (table 3.5). 

57 
49 
70 
71 

5 

22.6 
19.4 
27.8 
28.2 

2.0 
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Table 3.5 Frequency of tooth brushing per day at baseline. 

Frequency of tooth brushing % 

No brushing 
Once a day 
Twice a day 
Three times a day 

6 

120 

107 

19 

2.4 

47.6 

42.5 

7.5 

Total 252 100.0 

Other sources of fluoride Intake beside the food and toothpaste can be fluoride-
containing food supplements as fluoride-containing vitamin droplets and fluoride tablets. 
In this population no fluoride-containing vitamin droplets were administered. The 
administration of fluoride-containing tablets Is presented In table 3.6. 

Table 3.6 Administration of fluoride-containing tablets at baseline, 

Fluoride supplements % 

No tablets 
1 tablet (0.25 mg)/day 
2 tablets (0.50 mg)/day 
3 tablets (0.75 mg)/day 
Irregular use 

59 

52 

128 

5 

θ 

23.4 

20.6 

50.8 

2.0 

3.2 

Total 252 100.0 

The administration of fluoride tablets was quite common as the use of these tablets Is 
already stimulated at maternity and well-baby clinics. 

For each child, the total dally ingestion of fluoride per child from tablets and toothpaste 
was calculated by multiplying the Intake by toothpaste with the brushing frequency and 
adding the fluoride intake from the tablets. The results of these calculations are presented 
in figure 3.2. 

Figure 3.2 Daily fluoride intake by tablets and toothpaste at baseline. 

с 50-
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Based on their daily intake of fluoride the children could be divided into three groups 
(table 3.7). The group of 22 children using no fluoride at all were included in the group 
"lowfluoride Intake". 

Table 3.7 Fluoride intake (mg/day) at baseline, according to three levels of Intake. 

Fluoride Intake η % 

Low fluoride Intake 82 32.5 
(0-0.25 mg/day) 
Moderate fluoride Intake 129 51.2 
(0.25-0.60 mg/day) 
High fluoride Intake 41 16.3 
(0.60-1.10 mg/day) 
Total 252 100.0 

3.1.2 Caries, plaque and gingivitis at baseline 

Caries prevalence 

In contrast to many epidemiological caries studies where partial recording systems were 
applied, this study performed full-mouth recordings at each visit. The diagnosis Included 
the presence of dark (yellow-brown) dlscolouratlons and a score for cavities progressing 
Into the dentin but without a detectable loss of enamel. White spot lesions were excluded 
from the diagnosis since they can be easily mlsclassified as developmental disturbances 
(hypomlneralization) of the enamel. 

The diagnosis 'carles' was therefore divided in three cumulative categories of lesions: 

da = dark discolouration, loss of enamel or cavity Into the dentin. 
db = loss of surface continuity of enamel, or cavity into the dentin. 
dc = cavity into the dentin. 

No radiographs were taken at baseline though not all the tooth surfaces could be 
Inspected visually. Especially the approximal contacts between the first and second 
primary molar are difficult to diagnose due to the morphology of these teeth. However, at 
baseline the loss of information on these sites will be very limited as only few contactpolnts 
are present at such a young age. Moreover, caries of the approximal surfaces of the 
deciduous molars is not to be expected already at the first examination due to the 
relatively short exposure of these surfaces to the oral environment. In a group of 248 
children visual Inspection of the approximal surfaces was possible in 95% of the upper 
molars and 91% of the lower molars. At the start of the study, only 7% of all the approximal 
contactpolnts between the primary molars could not be examined visually for caries. 

In four children It was Impossible to perform a complete oral examination. At the second 
visit, an oral examination was possible and they all appeared to be carles free, Therefore, 
It was assumed that no carles was present at the first examination. In this sample of young 
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children the dmfs count virtually was a ds count as no teeth were restored or extracted at 
baseline. The mean ds-scores per child at baseline are presented In table 3.8. 

Table 3.8 Mean ds-scores at baseline and percentages of children with one or more 

lesions at baseline (average age 2 years and 3 months, range 1 year and 11 

months - 2 years and 10 months). 

x SD Children with lesions (%) 

das 0.35 ± 1 . 3 4 11 
dbS 0.16 ± 0.98 4 
dçs 0.06 ± 0.51 2 

The frequency distribution of the ds counts Is presented In table 3.9. 

Table 3.9 Frequency distribution (n) of the three ds scores at baseline. 

dmfs score 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

das 

225 
10 
7 
1 
2 
0 
2 
3 
0 
1 
1 

dbS 

242 
3 
3 
0 
0 
0 
1 
2 
0 
0 
1 

des 

247 
1 
2 
1 
0 
0 
0 
1 
0 
0 
0 

At baseline most of the children were carles free (dmfs = 0) especially when dark 
dlscolouratlons of the enamel, mostly In the fissures, were excluded from the dmfs score. 
Most lesions were restricted to the upper anterior teeth and the occlusal surfaces of the 
primary molars. 

Plaque and gingivitis 

The presence of plaque and gingivitis was scored at four sites in the mouth (see chapter 
2). Plaque and gingivitis Indices were composed by calculating the value of the average 
scores (range 0 to 2) for these sites. All four sites could be examined and diagnosed In 227 
(90.1%) of the children. The results of both scores are given in figure 3.3. 
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Figure 3.3 Distribution of average plaque and gingivitis scores, measured at four sites, 
at baseline. 
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The mean plaque score was 0.48 (SD = 0.50) and the mean gingivitis score was 0.59 (SD = 
0.43). The presence of sites with gingivitis with bleeding or plaque and debris visible on the 
tooth and gingiva (score 2) gives a better picture of oral hygiene than the average 
plaque and gingivitis score. Therefore, the maximum scores found In each child are given 
In table 3.10. These data were missing In 25 children. 

Table 3.10 Maximum scores for plaque and gingivitis present on at least one site In a 
child at baseline. 

Maximum score 

0 
1 
2 

Total 

η 

86 
90 
51 

227 

Plaque 
% 

37.9 
39.6 
22.5 

100.0 

Gingivitis 
η % 

46 20.3 
121 53.3 
60 26.4 

227 100.0 

About one quarter of the children had at least one plaque-triggered periodontium with 
gingivitis with bleeding reflecting an Insufficient oral hygiene. The gingivitis scores were 
more unfavourable than the plaque scores. Just before visiting the dentist most parents 
will clean the teeth of their children more thoroughly than usual. This may Immediately 
have removed dental plaque while the gingivitis remained unaltered. Nevertheless the 
correlation between the plaque scores and gingivitis scores was relatively high (Pearson's 
r = 0.67, ρ < 0.01). The differences between the scores for the upper and lower Jaw were 
not significant (t-test). In contrast a highly significant difference (p < 0.01) was seen for the 
plaque- and gingivitis scores between the left and the right sides of the mouth with the 
highest scores in the second and third quadrant (gingivitis t = 16.10, plaque t = 8.67). 
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3.1.3 Parental data 

The baseline Information about the parent was gathered by interview and a 
bacteriologie and Intra-oral examination. The Interview was focussed on the type of 
Insurance, level of education and dental attendance of the parents. The dental status of 
the parent was recorded by an Intra-oral examination. A saliva sample was collected to 
study the oral microflora, Details about the composition of the oral microflora of the 
parent will be presented In chapter 4. 

Type of insurance 

Two types of Insurance are In operation In the Netherlands: the'SIck Fund" and private 
Insurance. The type of Insurance can be considered as a rough Indication of the Income 
as beyond DF.50.000,- one cannot participate In the Sick Fund. In this group of patients 
186 (73.8%) were enroled in the Sick Fund, and the parents of 66 patients (26.2%) had a 
private insurance. 

Education of the parents 

The level of education of the parents was divided Into a low, middle or high level. 

For 21 children living in a one-parent family with only the mother present, the level of 
education of their fathers was not available. 

The levels of education of the mothers and fathers are shown In table 3.11. 

Table 3.11 The level of education of the child's parents. 

Level of education 

Low 
Middle 
High 

Total 

η 

89 
94 
69 

252 

Mother 
% 

35.3 
37.3 
27.4 

100.0 

η 

90 
69 
72 

231 

Father 
% 

39.0 
29.9 
31.1 

100.0 

The correlation between the level of education of both parents was high (Pearson's r = 
0.72); fathers had on average a significantly (p < 0.05) higher level of education. 

Dental attendance 

From the parent who was most Involved in upbringing the child the dental situation was 
recorded when this parent was present. In most Instances (87%) this was the mother and 
occasionally (2.7%) the father of the child, In the other cases more people were Involved 
in caring for the child or the child was institutionalized for several years. In these situations 
the bacteriological data and DMFT-score of the parent were recorded as missing. 

The parent was asked for his/her mode of dental attendance; the answers are assembled 
In table 3.12. These data were missing In 16 cases. 
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Table 3.12 Dental visits of the parent. 

Mode 
Every 6 months, regularly 
No regular visits 
No visits due to full dentures 

Total 

η 

174 

48 
14 

236 

% 

73.7 
20.4 

5.9 

100.0 

DM FT status of the parent 

When the parent who was most frequently In charge of the child was present, a DMFT-
status was recorded by clinical examination of the dentition. From the 236 parents who 
could be examined 14 (5.9%) had full dentures. The DMFT-scores of the dentulous parents 
are given In figure 3.4. The average DMFT score was 16 (range 0-28). 

Figure 3.4 DMFT-score of the parent. 

r SOT 1 

DMFT score 

Decayed teeth were only recorded as carious when dentinal cavities were Involved. In 74 
(33,3%) of the dentulous parents one or more cavities were found. The mean DT-score was 
1.0 with a maximum of 17 cavities. 

3.2 Age specific data 

In this paragraph the Independent and dependant variables are presented In relation to 
various ages. 

Age groups 

As described In chapter 2, the 252 children entering the study were on average 2 years 
and 3 months old (range 1 year and 11 months - 2 years and 10 months). The group of 
children, younger than 2 years, was small and therefore all the children younger than 2,5 
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years have been placed In the same group. As a result of the age distribution at baseline, 
the youngest age group was not representative for the whole baseline group because 
some of the older children started In group2. The various age Intervals and the number of 
children belonging to them are presented In table 3.13. 

Table 3.13 The various age Intervals and number of children In each group. 

Group Age range Average 
age (yrs) 

Number of 
children 

Group! 
Group2 
Group3 
Group4 
GroupS 
Groupó 
Group? 

1.92-2.49 
2.50-2.99 
3.00-3.49 
3.50-3.99 
4.00-4.49 
4.50-4.99 
5.00-5.52 

2.2 
2,7 
3.2 
3.8 
4.3 
4.7 
5.2 

1Θ2 

183 

197 

195 

197 

195 

198 

3.2.1 Age-related behaviour 

Dietary pattern 

The average number of food- and sugar Intakes per day by various ages (according to 
the 24-hour recall method) are presented In figure 3.5. 

Figure 3.5 Average number and standard deviation of food intakes and sugar 
containing food Intakes per day at various ages. 

age Interval 

0 food Intakes @ sugar-containing food Intakes 

Looking at the results obtained with the 24-hour dietary recall, an age effect on the 
dietary habits was hardly present, A possible explanation for the slight decrease in the 
number of food intakes per day may be the reduction of the number of children who 
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were using nursing bottles. The total daily number of food Intakes Oncluding meals, drinks 
and snacks) showed a range of 4 to 14, while the number of sugar-containing food 
Intakes ranged from 1 to 10. 

In every age interval statistically significant (p < 0.01) correlations were found (range 0.45 -
0.55) between the dally number of food intakes and the number of sugar-containing food 
intakes. 

The correlations between the number of food Intakes and sugar-containing food intakes 
and the dbmfs scores at the various age Intervals were very low and never exceeded 0.23 
(p<0.01). 

Use of fluoride and brushing frequency 

Use of fluoride, administered In tablets or toothpaste. Is presented In figure 3.6 and 3.7. The 
beneficial effect of the fluoride in toothpaste on the dentition also depends on the 
frequency of brushing (figure 3.8). 

Figure 3.6 Use of fluoride tablets (% of the children) by number of tablets per day. 

H 4 tablets (%) 

0 3tablets«.) 
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H 1 tablet (%) 
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Q no tablets (%) 
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The administration of fluoride tablets appeared to be well accepted in the population 
under study. The percentages of children using no fluoride tablets at all were low but 
remained fairly constant (10-20%). 
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Figure 3.7 Use of t o o t h p a s t e (%) a t various ages. 
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The percentages of children using no toothpaste at all gradually decreased with 

Increasing age. Numerous children disliked the taste of the toothpaste when they were 

very young but they got used to It when they grew older. Accordingly, the percentages 

of children using fluoride toothpaste Increased slowly. Less than 40% of the children used 

*toddler" toothpastes with a low fluoride content. 

Figure 3.Θ Percentage of children by tooth brushing frequency at various ages. 
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Almost all children were familiar with oral hygiene procedures. The frequency of brushing 
slightly raised with Increasing age, but only a small percentage of the children brushed 
the teeth 3 times a day. 

The total dally Ingestion of fluoride depends on the daily number of fluoride tablets, type 

and amount of toothpaste as well as brushing frequency. An assessment of the daily 

intake of fluoride, assuming that 1/3 of the toothpaste is swallowed, was calculated by: 

(number of tablets χ 0.25 mg) +1/3 (amount and type of toothpaste χ frequency of 

brushing). The total daily fluoride Intake in the various age groups Is presented In figure 3.9. 
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Figure 3.9 Average daily fluoride Ingestion (mg) a n d standard deviation at various 

ages. 
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As a result of the increase of the daily number of fluoride tablets and the brushing 

frequency combined with fluoride-containing toothpastes, the total dally fluoride intake 

raised when the children became older. No statistically significant correlations were found 

between the fluoride Intake or the frequency of tooth brushing and the dbmfs score 

measured at the same moment. 

3.2.2 Intra-orally collected data 

Approximal contacts between deciduous molars 

After eruption of the primary dentition In the young child minor changes In the tooth 

position take place. With increasing age the teeth will migrate in a mesial direction until 

approximal contacts are established. The number of approximal contacts between the 

first and second deciduous molar per child by age groups is presented in figure 3.10. 

Figure 3.10 Number of approximal contacts present between the first and second 

primary molars by age Interval (% of the children). 
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Of those below 2.5 years of age, more than 90% of the children had no approxlmal 
contacts between the first and second deciduous molars. The number of approxlmal 
contacts constantly Increased until at the age of five 60% of the children had contacts 
between all the deciduous molars. 

Plaque and gingivitis 

The results of scoring of plaque and gingivitis are presented in figure 3.11. 

Figure 3.11 Average plaque and gingivitis score and standard deviations according to 
the age Interval. 

1.9 2.5 3 3.5 4 4.5 5 
age Interval 

0 average plaque score Ξ average gingivitis score 

The value of the plaque and gingivitis score may vary from 0 to 2. Depending on the age 
interval, the correlations between the plaque and gingivitis scores ranged of 0.54 to 0.67 
(p < 0.01). Only at two age intervals significant (p < 0.05) correlations were found between 
the plaque or gingivitis scores and the actual dbmfs score. However, the correlations 
never exceeded 0.21. 

Caries prevalence 

As described in chapter 2, dental caries was scored at three levels of severity. The 
diagnosis "caries" was divided In three cumulative categories: 

da = Dark discolourations, or a loss of enamel or a cavity Into the dentin. 
db = Loss of enamel or a cavity Into the dentin. 
dc= Cavity into the dentin. 

The dmfs-scores (visual examination only) for the different age groups are presented In 
table 3.14. 
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Table 3.14 The average clinical dmfs-scores and standard deviations at various ages. 

Group Average damfs SD dbmfs SD dcmfs SD 

age (yrs) 

2.21 

2.74 

3.24 

3.75 

4.25 

4.73 

5.24 

0.18 

0.50 

1.01 

1.23 

1.66 

2.16 

2.54 

0.83 

1.70 

2.36 

2.58 

3.00 

3.56 

3.98 

0.01 

0.14 

0.27 

0.37 

0.57 

0.88 

1.17 

0.15 

0.72 

1.07 

1.46 

1.80 

2.46 

3.02 

0.01 

0.03 

0.11 

0.27 

0.45 

0.69 

1.00 

0.15 

0.21 

0.51 

1.16 

1.53 

1.98 

2.68 

As can be expected, the dmfs scores raised with Increasing age. One must keep In mind 
that these results only represent the visual carles diagnosis. In the younger age groups the 
molars were Just shortly exposed to the oral environment while most of the tooth surfaces 
could be visually Inspected. With Increasing age the visual examination was to become 
less reliable as more approxlmal contacts were present. Information about the results of 
the diagnosis with the help of radiographs In comparison to the visual examination Is given 
in chapter 2 and 6. The various dmfs scores are presented In figure 3.12 to 3.14. 

Figure 3.12 Graphic presentation (% distribution) of the damfs score according to the 
visual examination between age 1.9 and 5.5 year. 
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Figure 3.13 Graphic presentation (% distribution) of the dumfs score according to the 
visual examination between age 1.9 and 5.5 years. 

Figure 3.14 Graphic presentation (% distribution) of the dcmfs score according to the 
visual examination between age 1.9 and 5.5 years. 

" V , 

The percentage of children who were caries free at the various ages are presented In 
table 3.15. 
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Table 3.15 Percentage of carles free children (dmfs= 0) upon visual examination 
according to average ages. 

Average age 

2.2 
2.7 
3.2 
3.8 
4.3 
4.7 
5.2 

damfs=0 

92.7 
85.4 
70.9 
66.7 
56.3 
50.8 
47.8 

dbmfs=0 

99.4 
94.1 
91.3 
90.4 
82.7 
77.7 
71.9 

dcmfs=0 

99.4 
97.3 
94.4 
92.9 
86.3 
79.8 
75.9 

In the five-year-old children clinical diagnosis alone will result In an under-estimatlon of the 
actual carles prevalence. After combining the results of the clinical examination and the 
radiographs, the average dbmfs score (including score 2 and 3 on the radiograph) 
became 2.08 (SD 3.5) while only 51% of the children were free from db-type lesions and 
restorations. The average dcmfs score (radiographic score 3 = lesion reaching the 
dentlno-enamel Junction not Included) raised to 1.68 (SD 3.6) with 64% of the children 
being free from restorations and dc-type lesions. When the score 3 on the radiograph was 
regarded as a dentinal lesion and was added, the dcmfs score became 1.80 (SD 3.5) 
while only 57% of the children had a dcmfs score of zero. 

3.3 Correlations between some data 

In the various age groups the correlations between several data were calculated. 

Diet of the child and level oí education of the mother 

The level of education of the mother was correlated with the number of food Intakes (and 
sugar-containing food Intakes In particular) per day of the child (figure 3.15). 
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Figure 3.15 Spearman correlations between the level of education of the mother and 
the number of dally food Intakes and sugar-containing food Intakes of the 
child depending on the age of the child. 

τ г 
4.5 5 

age Interval 
sugar Intakes Щ] food Intakes 

•p<0.05 " p < 0 . 0 1 

At every age significant negative correlations were found between the level of education 
of the mother and the dally food- and sugar-containing food Intakes. 

Ora/ hygiene of the child and level of education of the mother 

The level of education of the mother was also correlated with the average plaque and 
gingivitis scores and the total dally fluoride Intake of the child. The low correlations 
(Spearman's r <, -0.20) between the level of education of the mother and the oral hygiene 
variables of the child, expressed by average plaque and gingivitis scores, were only 
significant (p < 0.05) In the elder age Intervals. 

The variable education of the mother was the only variable which demonstrated a 
statistically significant negative correlation (r = -0.17; ρ < 0.02) with the dally fluoride 
intake. This only happened at the age Interval of 4.0 to 4.5 years and therefore this may 
have been Just a coincidence. 

Level of education and DMFT score of the mother and the dt/nfs score of the child 

Also the Information about the parent (In most cases the mother) collected at baseline 
was correlated with the carles score of the child at different ages. The level of education 
and the DMF score of the mother were correlated with the dbmfs score of the child and 
presented in figure 3.16. Between the level of education of the mother and the cfemfs 
score of the child a negative correlation was found which means that with a lower level 
of education of the mother the carles prevalence Increased. 
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Figure 3.16 Spearman correlations between the dbmfs score of the child, depending on 
the age of the child, and the level of education and DMFT score of the 
mother. 

1.9 2.5 3 3.5 4 4.5 5 
age Interval 

Щ educmoth. QJ DMFT mother 

•p<0.05 "p<0.01 

With increasing age of the child the negative correlation between the level of education 
of the mother and the dbmfs score of the child became stronger. This effect was not 
observed for any of the other combined variables. The level of education of the mother 
appeared to have a stronger Influence on the dbmfs score of the child than the DMFT 
score of the mother. 

3.4 Discussion 

Baseline group 

In this chapter the behavioural and clinical baseline data are presented. The reason why 
a separate chapter has been dedicated to this data Is the fact that limited Information Is 
available in the literature about 2-to-3-year-old children. In most studies directed at carles 
prediction, populations of elder children were chosen while studies performed on 2-to-3-
year-old children generally worked with a limited set of variables. Probably this Is a 
consequence of the limited cooperation that a young child can give. In order to obtain 
as much Information as possible, compromises have to be made. To be able to collect all 
data, for each variable a time-consuming and low-burdening method must be selected. 
The first examination took most of the time. Information about the social background and 
the dental situation of the parent was gathered and at the same visit an Instruction about 
dental health care was given. Therefore, the collection of all the baseline data of each 
child took two visits. The second visit made It possible to discuss the dietary diary that was 
introduced at the first visit. The need for this second visit was explained to the parents of 
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the child as an Ideal opportunity for the child to get accustomed step by step to the 
dental clinic and the dentist. This Introduction probably prevented problems with regard 
to the readiness to participate. For most parents a positive and quiet approach of their 
child Is very important and probably a precondition to cooperate In a longitudinal study. 
Only when the parents feel that their child Is not subjected to experiments, but receives 
special attention, good participation can be expected. For the child It was the first 
acquaintance with the dentist and the clinic. Therefore, all the basic dental information 
had to be given and the child needed time to get accustomed to the dentist and the 
unknown environment. From a theoretical research point of view, the Ideal situation 
would require a separate dentist and researcher. However, In practice this would result In 
non-cooperation and finally non-participation of many children. 

Particularly at the first examination much attention was paid to the dietary pattern of the 
child. In recording the dietary pattern the 7-day diary was properly filled out by the 
parents. This can be explained by the fact that the parents were well Instructed and were 
aware of the fact that a reliable diary would be indispensable In obtaining important 
Information about the diet. Although the 24-hour recall method took less time, the non-
response was higher than with the diary. This was due to the accompanying parent who 
was not present the day before, or the child normally being In a nursery, or even problems 
with remembering all details. On a group level the agreement between both methods 
was good In contrast to the correlation on an Individual level. The question arises which 
method of registration is most reliable. Filling out a 7-day questionnaire will make people 
conscious of the dietary pattern and this may result In an Immediate change. In this study 
the parent delivered the required Information on the diet of the child and possibly this was 
more reliable than when one has to record one's own dietary pattern. At the same time 
one may expect that a 24-hour recall method Is reasonably reliable when used in a group 
of young children (Klesges et al., 1987). Due to the young age the child will be at home 
most of the time, and the dietary pattern Is defined by the parent. On growing older It will 
become more difficult for the parent to influence the dietary habits of the child. The 
conclusion can be that the 7-day dietary diary supplies more information than the 24-hour 
recall. The dietary diary forms a firm base for a more complete and personally tailored 
dental education. A disadvantage of the dietary diary Is that the method Is relatively 
time-consuming for the dentist as well as the parent. Apparently this Is not a problem 
when the diary Is Introduced for the first time but it can be expected that the non-
response will increase when the diary has to be filled out on several occasions. The 24-
hour recall method Is time-saving and therefore this method Is chosen to register the 
dietary pattern longitudinally. A methodologie problem arises if the advice given to the 
parents alters the dietary pattern of the child. Therefore, to predict caries In the future the 
information about the diet, collected at the first examination, may be less suitable. 
Refraining the parent from this basic Information would, however, be unethical. 

The majority of the children were using fluoride during a prolonged period of time, In 
comparison to other studies performed In the Netherlands, the regular consumption of 
fluoride tablets In this population was high (73.4%). In other studies on 5-to-6-year old 
children 37 to 42% of the children used fluoride tablets (Kroesbergen, 1988; Klingenberg, 
1989; Truln et al., 1991; Verrips, 1990). The high consumption of tablets In the Nymegen 
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region Is probably the result of the fluoride Instruction as It Is given In the well-baby clinics 
In the Nymegen district. More children seemed to obtain fluoride from tablets than from 
toothpaste. As the parents regularly asked for a receipt for fluoride tablets and most of 
them were well aware of the number of tablets that should be administered, the high 
consumption can not be explained by the social desirability of answers. A considerable 
number of children used no toothpaste at all. while also the special toddler toothpastes 
with a low fluoride content were not generally accepted. For practical reasons many 
parents administered a toothpaste with a high fluoride content to their child, but mostly In 
small amounts. 

As can be expected In such a young population, carles prevalence at baseline was very 
low. The dmfs-counts were lower than In a comparable age group of children as 
presented In a study by Alaluusua and Renkonen (1983). Only 2% of the children showed 
cavities progressing Into the dentin. The number of children with the diagnosis "caries" 
raised to 11% when dark dlscolouratlons and enamel lesions were included. Inclusion of 
the white spot lesions would have further Increased this number but at the same time the 
diagnosis "caries" became less reliable. The presence of developmental defects of 
enamel might have interfered with the differential diagnosis "white spot lesions". 

Scores for plaque and gingivitis demonstrated a good correlation while the mean 
gingivitis score was higher than the mean plaque score. This can be explained by the fact 
that when a child visited the dentist special attention was paid to oral hygiene. This 
temporary change In oral home care may lower the plaque score but will only have a 
limited effect on the condition of the gingiva. The clear differences In scores between the 
left and right side of the mouth are more difficult to explain. Both sides of the mouth were 
judged in the same way which means under direct vision and therefore the influence of 
the method of diagnosis can be considered to be low. In right-handed people brushing 
the right half of the mouth will be easier than brushing the left side. However, In most of 
these young children the parents appeared to help the child with brushing. Depending 
on the position the parent takes during brushing, the difference between the left and right 
side of the mouth should be less evident. 

The parent who was involved with the child's upbringing was in most cases the mother. A 
relatively large number of the mothers were not attending a dentist at regular Intervals 
and cavities were present In one third of all mothers. 

Various age groups 

In preschool children rapid changes are expected to occur. Therefore It seemed 
Interesting to study the possible Influence of age effects. On a group level, the dietary 
habits, expressed in terms of total number of food Intakes and number of sugar containing 
food Intakes In particular, hardly changed with Increasing age. The total number of food 
Intakes slightly diminished with increasing age and significant differences between some 
age groups were observed (p < 0.01). The number of sugar-containing food Intakes 
remained fairly constant over the various age categories and no significant differences 
were found. In spite of this, the composition of the diet may have altered. With Increasing 
age, nursing bottles were emptied less frequently but were more than likely replaced by 
different between meal snacks. However, this aspect was not studied as the dietary diary 
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was only used at baseline. The Information of the 24-hour dietary recall does not give 
enough Insight in this respect. For the dietary Information one has to rely on the memory of 
the parent and this will more often result In an under-estlmatlon than an over-estimation of 
the actual food Intake. But the accuracy of the 24-hour recall report will not not have 
been Influenced by the socio-economic status of the mother (Baranowskl et al., 1991). 
However, the record of the parent may be obscured by a distraction or absence from 
home, or when more people are Involved In the upbringing of the child. The under
estimation will probably Increase when the child gets older, as it will spend more time 
outdoors In absence of the parent. Very low correlations were found between the dietary 
scores and the dbmfs scores. The correlations never exceeded r = 0. 23 and were not 
statistically significant at ρ < 0.05 In every age group. However, the Importance of the diet 
Is demonstrated in several human studles.The relationship between the frequency of sugar 
Intake and caries activity was demonstrated In a group of mentally retarded patients in 
the Vipeholm study (Gustaffson, 1954). In the Hopewood House study a diet without sugar 
and other refined carbohydrates resulted in a low carles prevalence In absence of 
fluoride or a good oral hygiene (Harris, 1963). In cross-sectional studies on 3-year-old 
children the Importance of the diet In the caries process became evident (Schröder and 
Granath, 1983; Schroder and Edwardsson, 1987). There are several explanations for the 
low correlation between the dietary data and the caries score In the present study. The 
correlations between the dietary habits and the caries prevalence will be low when the 
carles prevalence is low and the differences In dietary habits are small (Newbrun, 1989). 
The low correlations may also be partially explained by the problems In the collection of 
data on dietary habits. It can be assumed that In reply to particular questions socially 
desirable answers were given. With regard to the reliability of the answers, an Interview 
technique appears to give less problems than when a patient has to fill out a 
questionnaire (Schroder et al., 1981). Klesges et al. (1987) concluded that the 24-hour 
recall Is a useful means of evaluating the food Intake In preschoolers. Another study In 
preschool children compared a food questionnaire with the 24-hour dietary recall 
method (Treiber et al., 1990). The questionnaire showed a better test-retest value than the 
24-hour recall method but the description of the food pattern by the questionnaire lacked 
detailed Information. Even when the 24-hour recall registration was accurate, dally 
fluctuations in the diet may have given a low test-retest value. In the interpretation of the 
dietary data no division was made in the cariogenicity of the various sugar-containing 
food products. Apart from the acldogenlc properties of foods, the carlogenic potential Is 
Influenced by the retention In the mouth, the physical form of the food, the protective 
effect of food ingredients, the effects on bacterial colonization and the quantity and type 
of carbohydrate composition (Mundorff et al., 1990a), 

The total dally intake of fluoride as calculated raised with increasing age and up to the 
age of 3.5 year statistically significant differences (p < 0.01) exclsted. However, the 
amount of toothpaste Ingested will probably decrease with Increasing age and will vary 
between children. The number of children who were irregular users or used no fluoride at 
all remained fairly constant In time. With Increasing age more fluoride tablets per day 
were taken. Though It was never advised to give the child more than 3 tablets per day, 
frequently the parents appeared to follow the Instructions of the manufacturer of the 
tablets which goes up to 4 tablets (4 χ 0.25mg) or more per day. In the youngest age 
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group almost 40% of the children did not obtain fluoride from the toothpaste. Some 
children had a toothpaste without fluoride or they used no toothpaste at all because they 
disliked the taste. The consumption of toddler toothpaste (with a low fluoride content) did 
not increase In time. Many parents wanted to have one toothpaste for all the members of 
the family, but reduced the volume of toothpaste applied to the brush of the young 
children. Most of the children received very small doses of fluoride from their toothpaste 
compared to the fluoride tablets. The use of fluoride containing toothpastes by 60% of the 
children was low when compared to 88% of the 5-to-6-years old children In another study 
In the Netherlands (Klingenberg, 1989). The frequency of tooth brushing was relatively low 
and only a small number of children brushed three times a day. In case of a low 
frequency of brushing In combination with a small amount of toothpaste, one may doubt 
If fluoridation was optimal In the absence of fluoride tablets. However, on a group level 
the variable fluoride Intake demonstrated no statistically significant correlation with the 
carles score. This may be an effect of the high level of fluoridation in the study population. 
The majority of the children used fluoride tablets and these appear to reduce the carles 
activity effectively in the deciduous dentition (Holbrook et al., 1989; Wldenhelm and 
Birkhed, 1991). The percentage of children who used no fluoride at all was very small and 
especially In this group the parents were mostly aware of the Importance of the diet In the 
development of dental carles. No statistically significant correlation was found between 
the frequency of tooth brushing and the dbmfs score. A positive effect of the brushing 
frequency on the carles experience will not only be the result of the removal of plaque 
but also the caries-Inhibiting effect of fluoride-containing dentifrices will play an Important 
role (Leske et al., 1976). An Improved oral hygiene and a frequent contact with fluoride 
will have a synergistic effect on the carles reduction (Rolla et al., 1991). The effect of the 
toothbrushing frequency and application of fluoride-containing toothpastes on the carles 
prevalence was also demonstrated by a study of Stecksén-Bllcks et al. (1989). In 4-year-
old children a statistically significant effect of the frequency of tooth brushing on the 
dmfs-value was shown. The caries prevalence of this group of Swedish children was high 
and the use of fluoride relatively low. Application of a fluoridated toothpaste reduced the 
differences In dmfs-values between children with varying toothbrushing frequencies. The 
high consumption of fluoride tablets In the population of the present study may be the 
reason that no effect of the brushing frequency on the dbtrifs score could be observed. 

Approxlmal contacts of the deciduous molars were hardly present in the youngest age 
group. With Increasing age more approxlmal contacts were established, and In most of 
the older children not all the tooth surfaces could be visually Inspected. 

Until the age of 3.5 years the plaque and gingivitis scores Increased but statistical 
significant differences were only found between the youngest age group and the other 
age groups (p < 0.01). Possible explanations may be less control by the parents on the oral 
hygiene of the children or changes In the number of teeth present In the mouth. After 
eruption of the second deciduous molars, their localisation distally in the mouth, may 
hamper the effectivity of tooth brushing. The correlations of the plaque and gingivitis 
scores with the dbmfs score were very low and not statistically significant In every age 
group. A strong positive association between the amount of plaque and the caries score 
was reported in a study where the level of oral hygiene was low (Kleemola-Kujala et al., 
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1982). Though the relationship between gingivitis and carles is not always clear, children 
with a high carles activity showed significantly more gingivitis than children with a low 
caries activity (Stecksén-BIIcks and Gustafsson, 1986). In 3-year-old children the presence 
of clean teeth. Irrespective of the dietary habits, and children with suitable dietary habits 
(provided they did not have general gingivitis with bleeding) were regarded as a low 
carles risk (Schroder and Granath, 1983). 

With Increasing age more carious tooth surfaces were found. Depending on the definition 
of dental caries, visual examination revealed between 20 to 50% of the children to have 
dental carles. In many children only dlscolouratlons In pits and fissures were observed, In 
the youngest children the visual diagnosis of dental carles was reliable because most of 
the tooth surfaces could be Inspected. During the study most of the approxlmal spaces 
were closing, and the longer the approxlmal toothsurfaces were In contact, the higher 
the chance that carles may have developed and was overlooked. Addition of the 
information from the radiographs, obtained In the oldest age group. Increased the 
percentages of children with carles present from 28% to 49% (dbmfs) or from 24% to 36% 
(dcmfs according to WHO criteria). Still then the caries experience (dcmfs according to 
WHO criteria) of the children was low in comparison to other studies performed In the 
Netherlands during the same period (Frencken et al., 1990; Truln et al., 1991). Truln et al. 
(1991) found about 60% of the 5-year-old children to be carles free. However, the 
average damfs score (comparable to the dcmfs score) was almost twice as high. The 
present results confirm the conclusions of Rlmmer and Pitts (1991) that variations In the 
diagnostic thresholds influence the percentage of subjects that are considered to be 
"sound". In their study, especially the Inclusion of Initial carles lesions (dark discolouration 
without detectable loss of substance) resulted In scores which are significantly different 
from the caries scores excluding this type of defect. However, In the present study large 
differences were also found between the percentages of children considered to be 
"carles free" according to the cfemfs score or dcmfs score. Depending on the definition of 
dentinal carles different values were found for the dcmfs score. While the WHO criteria 
consider lesions up to the dentlno-enamel Junction as enamel lesions, arguments are 
present to classify this type of defect as a lesion progressing Into the dentin (Verdonschot, 
1991). 

Parents will have an Influence on most of the variables associated with the development 
of dental carles in their children. The level of education of the parents, the profession of 
the father and the Income of the family can be used to describe the socio-economic 
status. The relation between the socio-economic status and the carles experience in 
young children was demonstrated In several studies (Samuelson et al., 1971; Crossner and 
Holm, 1975; Brinkman-Engels and Tijmstra, 1977; Flach et al., 1981; Grytten et al., 1988; Truln 
et al., 1986). A possible explanation for the correlation between the carles experience In 
the child and the education of the parents could be that higher educated people 
demonstrate a more dental minded behaviour; they eat less sweets, brush their teeth 
more often and visit their dentist more regularly (De Vries and Ruiken, 1987). Granath 
Kinnby et al. (1991) found that the level of education of the parents did not influence the 
knowledge about oral hygiene, diet, and use of fluorides but rather the ability to put the 
knowledge Into practice. Therefore, the level of education was statistically significantly 
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higher among parents of healthy children than among those of diseased children. Similar 
findings were made in the present study where all the parents received the same 
Information. The variable education of the mother showed statistically significant 
correlations with the dbmfs scores and the determinants of dental caries of their children. 
At every age Interval the level of education of the mother was negatively correlated with 
the number of daily food Intakes and sugar-containing food Intakes in particular. For some 
age Intervals low but significant correlations were found between the level of education 
of the mother and the plaque- and gingivitis score or daily fluoride intake of the child. This 
may have been Just a coincidence. Grytten et al. (1988) found no relationship between 
the level of education of the mother and the Intake of fluoride tablets by three-year-old 
children. However, a low but significant relationship was found between the number of 
missing teeth of the mother, her dental attendance pattern and her level of education 
and the caries experience in her child (Grytten et al., 1988). In the present study, the 
correlations between the DMFT score (or the MT score In particular) of the mothers and 
the dbmfs score of the children were low and not statistically significant In every age 
group. The dental conditions of the mothers are probably not necessarily Indicative for the 
dental situation of their young children. 

The level of education of the mothers demonstrated a higher (negative) correlation with 
the dbmfs scores of the children than the DMFT score of the mothers. With Increasing age 
of the child the correlation between the level of education of the mother and the dbmfs 
score of the child gradually raised as well. When a child grows older, unfavourable 
conditions will have been present for a longer period which may finally result in the 
development of carious lesions. 

The relatively low correlations of most of the variables with dental carles will be partially 
explained by the cross-sectional analysis in this chapter. The determinant of the caries 
process at present should be searched for in the past. In a cross-sectional study the factor 
exposure time Is not taken Into account. At the time that caries is clinically present In the 
mouth, the causative factors may have altered In the meantime. Chapter 5 will focuss on 
this subject concerning caries incidence, exposure time and causal factors. 
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4 Microbiological data 

In this chapter the oral microflora of the children Is described on a group level at baseline 
and at various ages, and on an individual level. The cohort design of this study enabled 
the Investigator to see If tracking occurred. The microbiological data were correlated to 
several other variables collected In this study. With the eruption of the dentition In young 
children, the composition of the oral microflora has to settle. The colonization of the 
mouth will be Influenced by other processes taking place at the same time. Within a day 
after birth, microorganisms will colonize the oral cavity of the newborn child. The supporter 
of the child, which Is In most cases the mother. Is an Important source of infection. The oral 
microflora will change with the eruption of the natural dentition. Bacteria as mutans 
streptococci can only colonize the mouth when hard toothsurfoces are present. An 
Increase of the number of teeth Is accompanied by a gradual Increase of mutans 
streptococci (Catalanotto et al., 1975; Alaluusua and Renkonen, 1983; FuJIwara et al., 
1991). Wether deposition of the bacteria on the teeth occurs, depends on the 
concentration of the bacterial species In saliva. At an older age the numbers of mutans 
streptococci in the saliva will reflect the numbers of infected tooth surfaces. With 
Increasing numbers of tooth surfaces positive for mutans streptococci, higher salivary 
levels of mutans streptococci will be found (Alaluusua et al., 1989). 

4.1 Oral microflora at baseline 

Mutans streptococci In saliva and plaque 

Special techniques (see chapter 2) were used to obtain a bacteriologie sample from the 
mouth of a young child. As described In chapter 2, some children refused all cooperation 
while others had problems with producing an adequate amount of saliva. At baseline a 
saliva sample could be collected from 235 children (93.2%) and a plaque sample from 
225 children (89.3%) 

At baseline the percentages of children in whom mutans streptococci (MS) were not 
detected were high. No mutans streptococci were discovered in 57% of the saliva 
samples and In 69% of the plaque samples. In the dental literature the numbers of mutans 
streptococci are often divided into three categories expressing low, moderate and high 
levels of mutans streptococci (table 4.1). Respectively 74.8 to 77.5% of the children 
belonged to the low category. 
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Table 4.1 Distribution of children according to low, moderate and high numbers (CFU 
= colony forming units) of mutans streptococci (MS) In saliva and plaque 
samples at baseline. 

Numbers of MS 

(CFU/ml) 

Low 

Moderate 

High 

Total 

SO and<10 4 

slCH land<106 

sio* 

Saliva 

η % 

166 74.8 

30 13.3 

29 12.9 

225 100.0 

Plaque 

η % 

182 77.5 

20 8.5 

33 14.0 

235 100.0 

A plaque sample as well as a saliva sample was obtained from 224 children. The Isolation 
frequencies of mutans streptococci from the plaque and saliva samples of these children 
is shown In table 4.2. 

Table 4.2 Percentages of children with mutans streptococci In bacteriological samples 
of saliva and/or plaque 

Mutans streptococci In saliva 

Detected 

Not detected 

Total 

Detected 

24 

19 

43 

Not detected 

8 

49 

57 

Total 

32 

68 

100 

Mutans 

streptococci 

In plaque 

The saliva samples appeared to be more sensitive than the plaque samples In detecting 
mutans streptococci In the oral cavity. The Spearman correlation between the numbers 
of mutans streptococci In plaque and saliva was 060 (p < 0.01). 

Lactobacilli In saliva 

Lactobacilli were not detected In the saliva samples of 88.5% of the children. In order to 
compare these results with other studies, the subjects were also divided Into three 
categories reflecting low, moderate and high numbers of lactobacilli In saliva (table 4.3). 
However, In the dental literature the numbers used In these categories are lower for 
lactobacilli than for mutans streptococci, The majority of the children (93.8%) belonged to 
the low category at baseline. 

Table 4.3 Distribution of children according to low, moderate and high numbers of 
lactobacilli In saliva samples at baseline. 

Numbers of lactobacilli in saliva 

(CFU/mD 

Low 

Moderate 

High 

Total 

SO a n d < 1 0 3 

slCI 3 and<10 5 

sio5 

η 

211 

12 

2 

225 

% 

93.8 

5.3 

0.9 

100.0 
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Of every parent most in charge In raising the child, a sample of paraffin-stimulated saliva 
was taken and analysed for the presence of mutans streptococci and lactobacilll. The 
results are presented in figure 4.1. Mutans streptococci were detected In 97% of the 
parents and lactobacilll in 81% of the parents. 

Figure 4.1 Numbers of mutans streptococci and lactobacilll In the saliva of the parent. 
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The numbers of mutans streptococci and lactobacilll were also divided In three 
categories with low, moderate and high numbers of these microorganisms present (table 
4.4 and 4.5). 

Table 4.4 Distribution of parents according to levels of mutans streptococci In saliva. 

Numbers of mutans streptococci η % 

in saliva (CFU/ml) 

Low 

Moderate 

High 

> 0 and<10 4 

^ 1 0 4 a n d < 1 0 6 

SlO* 

21 

91 

115 

9.3 

40.1 

50.6 

Total 227 100.0 
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Table 4.5 Distribution of parents according to levels of lactobacllll in saliva. 

Numbers of lactobacilli 
In saliva (CFU/ml) 

Low 
Moderate 
High 

Total 

¿0 and<103 

à l0 3 and<10 5 

slO5 

η 

90 

88 

45 

223 

% 

40.4 

39.4 

20.2 

100.0 

Lactobacllll were more frequently absent, or present In lower numbers, compared to the 
mutans streptococci. The differences In the number of missing cases can be explained by 
failures In the laboratory processing of some samples. 

4.2 Age effects on the oral microflora 

Since the bacteriological samples were only taken once a year and the children entered 
the study at different ages, bacteriological data were not available for all age groups. 
The bacteriological Information at each age interval was subtracted from the sample 
taken at that age or by taking the average of the scores of the previous and following 
examination. Because the percentages of children having no microorganisms at all were 
considerable, the average numbers of mutans streptococci In plaque and saliva and 
lactobacilli In saliva, depending on the age Interval, are not presented. 

The categories representing low, moderate or high numbers of mutans streptococci or 
lactobacilli (as used in 4.1) are normally applied In older agegroups. In young children 
lower numbers of these microorganisms may be considered to be high because the oral 
microflora will continue to develop with the eruption of teeth. More detailed Information 
about the behaviour of the variables mutans streptococci In plaque and in saliva, and 
lactobacilli in saliva can be presented after classifying the number of microorganisms In 4 
categories (table 4.6). No difference was made In categories for the mutans streptococci 
and the lactobacilli. The results are presented In figures 4.2,4.3 and 4.4. 

Table 4.6 Definitions of categories, based on numbers of colony-forming units 
(CFU/ml). 

Category Number of microorganisms 

(CFU/ml) 

0 not detected 
1 >0 and<103 

2 sl0 3 and<10 5 

3 ¿IO5 
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Figure 4.2 Percentage distribution of the children at various ages with mutans 
streptococci (In saliva) according to the categories in table 4.6. 

Figure 4.3 Percentage distribution of the children at various ages with mutans 
streptococci (In plaque) according to the categories in table 4.6. 
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Figure 4.4 Percentage distribution of the children at various ages with lactobacllli (in 
saliva) according to the categories in table 4.6. 

For the mutans streptococci as well as the lactobacilli It was expected that their numbers 
would rise with Increasing age of the children since teeth were still erupting. The results of 
this study did not show such a pattern, The average numbers of microorganisms only 
showed small variations between successive age Intervals. The development of the oral 
microflora on an Individual level may explain these results and will be presented In the 
following section, 

4.3 Development of oral microflora on an individual level 

The bacteriologie examination was performed at baseline, every following year and at 
the end of the study. On four occasions samples were taken. However, due to non-
cooperation of the child or failures In the laboratory procedures, some samples were 
missing, A prerequisite for the children In this part of the study was that they were younger 
than 3 years of age at the first bacteriological examination, older than 5 years at the final 
examination and that at least 3 examinations had been successful. In the majority of the 
children at least 4 bacteriological samples could be obtained. Only three samples were 
obtained In 10% (mutans streptococci in saliva) 11% (mutans streptococci in plaque) or 
8% (lactobacilli In saliva) of the children. 

The children were placed in groups with a distinct pattern of long term behaviour of each 
microorganism (table 4.6). As due to biological variation or error of measurement some 
fluctuation will always be present, a decrease In the numbers of microorganisms 
(abbreviated "MO") < 102 between two examinations was considered to be no 
fluctuation. A reduction In the number of MO > 102 was considered as a real decrease. A 
distinct fall counted worse than an Increase In number of microorganisms. 
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Table 4.6 Groups reflecting the longitudinal behaviour of each species of micro
organisms (MO). 

Group Longitudinal behaviour of MO 

1 MO absent at each examination. 
2 MO absent at first, present or increasing at following examinations. 
3 MO present at each examination at constant or increasing level. 
4 Absence of MO followed by presence but showing a decrease (^O2) at following 

examinations. 
5 MO present at every examination but showing a decrease (>102) but still present 

at a following examination. 
6 MO present at an examination, not detectable at the next examination but 

present again at a later visit. 
7 MO present at first but not detectable at following examinations. 

The percentages of children belonging to each group are presented in table 4.7. 

Table 4.7 Percentages of children In the distinct groups separately for mutans strepto
cocci and lactobacllli. 

Group MS In plaque MS In saliva Lactobacilli In saliva 

1 43.0 28.0 58.2 
2 14.0 22.8 14.3 
3 0.5 12.6 1.1 
4 0.5 2.9 0.6 
5 4.3 3.4 0.0 
6 20.4 15.4 19.8 
]_ 1^2 149 6Ό 

Total m o loao loao 

Based on the longitudinal pattern of presence of the microorganisms the groups were 
placed In three categories: 

A- Numbers of MO are constant or increasing (groups 1+2 + 3) 
B- Numbers of MO are decreasing In time (groups 4 + 5) 
C- After being present MO not detectable In all or some of the following examinations 

(groups 6 + 7) 

As a result of the large variation of the number of children with no microorganisms present 
(category A), the differences between percentages of children with mutans streptococci 
In saliva and plaque and lactobacllli were small. After exclusion of the children who were 
free of lactobacilll or mutans streptococci at each occasion, groups of 106 (MS In 
plaque), 126 (MS in saliva) and 76 (lactobacilll In saliva) children were left. Figure 4.5 
represents the percentage distribution of children after excluding group 1 in table 4.7. 
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Figure 4.5 Percentage of children harbouring MS and lactobacilll In at least one 

bacteriologie sample. 
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Constant or increasing numbers of microorganisms were only seen in a minority of the 

children (group 2+3), the mutans streptococci In saliva showing the least fluctuations, 

4.4 Correlations between bacteriological data 

In this paragraph correlations between variables representing the oral microflora and 

several other variables will be described at various ages. Between the numbers of mutans 

streptococci in plaque and saliva samples high correlations (.55 to .61, ρ < 0.01) were 

found which were not Influenced by age effects. The correlation between the mutans 

streptococci and the lactobacilll in the child varied more (figure 4.6 and 4.7). 

Figure 4.6 Spearman correlations between numbers of mutans streptococci and 

lactobacilll in saliva samples of the children according to age Interval. 
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о 

о 
υ 

age Interval 
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Figure 4.7 Spearman correlations between numbers of mutans streptococci in plaque 
and lactobacllll In saliva of the children according to age interval. 

с I T 1 

age Interval 
* ρ < 0.05 " ρ < 0.01 

As demonstrated In figure 4.8 and 4.9 Spearman correlations between the numbers of 
mutans streptococci In plaque and saliva and lactobacilll in saliva were relatively low. The 
differences In correlations between the lactobacilll in saliva and the mutans streptococci 
in plaque or saliva were small and all correlations fluctuated in time. 

At the first examination a saliva sample was taken from the parent In charge of the child 
(mostly the mother). This sample was analysed for the presence and numbers of mutans 
streptococci and lactobacilll. In adults the oral microflora Is unlikely to show a large 
variation In time, thus no further samples were collected. 

As the parent may play an important role in the establishment of the oral microflora in the 
child, the correlations between the bacteriological data of the parent and the child were 
calculated and presented in figure 4.8 and figure 4.9. 
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Figure 4.8 Spearman correlations between numbers of mutans streptococci In the 

saliva of the parent and In the plaque and saliva of the child, at different 

ages of the child. 

S 1' 

I a 9 ^ 
о 0.8-
о 0.7-i 
ü 

0.6 -. 

0.5-i 

0.4 -І 

0.3 -i 

0.2 

0.1-i 

0 
m WA 

MM 221 

1.9 2.5 3 

^ MS child (plaque) 

3.5 4 4.5 

И MS child (saliva) 
age Interval 

* ρ < 0.05 

The correlations between the numbers of mutans streptococci of the mother and the 

child were found to be very low and did not Increase In time. 

Figure 4.9 Spearman correlations between the numbers of lactobacilli In the saliva of 

the parent and the child according to the age of the child. 
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Compared to the mutans streptococci, the correlations between the numbers of 

lactobacilli in the saliva of the mother and the child were slightly higher but still low. No 

significant age effects could be observed. 
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Dietary scores 

Between the bacteriological data and the dietary Information (according to the 24-hour 
recall method) the Spearman correlations were calculated. The correlations between the 
numbers of mutans streptococci In plaque or saliva and the numbers of dietary Intakes 
were very low and not statistically significant at ρ < 0.05 In most of the age categories. The 
correlations with the dietary Intakes were not higher for the numbers of lactobacilli than 
for the numbers of mutans streptococci. 

dbmfs score 

Spearman correlations between the visual dbmfs score and the numbers of mutans 

streptococci and lactobacllll at the various age Intervals are presented In figure 4.10. The 

dbmfs score was chosen Instead of the damfs score since In that case manifestation of 

caries (loss of surface continuity of the enamel) Is unmistakably present. 

Figure 4.10 Spearman correlations between dbmfs scores (visual examination) and 

numbers of mutans streptococci and lactobacilli in the child according to 

the age intervals. 

О i-
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Statistically significant at ρ < 0.01 In all the children older than 2.5 years 

In the youngest agegroup a very low but negative correlation was found between the 
bacteriological data and the dbmfs score. Above the age of 3.5 years the correlations 
with the dbmfs score were the highest for the numbers of lactobacilli followed by the 
numbers of mutans streptococci in saliva. 

Correlations between data of the parent and caries prevalence and determinants of 
dental caries In the child 

Spearman correlations between the bacteriological composition of the saliva of the 
parent and the microflora of the child appeared to be low. However, as shown in chapter 
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3, the variable level of education of the mother demonstrated negative correlations with 
most of the variables tested. Between the level of education of the mother and the oral 
microflora In the child (numbers of mutans streptococci and lactobacllll In saliva) 
significant negative correlations were found (figure 4.11). 

Figure 4.11 Spearman correlation between the level of education of the mother and the 
numbers of mutans streptococci and lactobacllll in saliva of the child 
according to the age of the child. 

« I T 1 

age interval 

El MS saliva child Ш lactobacllll child 

• ρ < 0.05 " ρ < 0.01 

At every age the negative correlations between the numbers of mutans streptococci of 
the child and the level of education of the mother were low but significant. The 
correlations between the level of education of the mother and the numbers of mutans 
streptococci of the child were somewhat lower for the plaque sample than for the saliva 
sample. The numbers of mutans streptococci and lactobacllll of the child were more 
strongly correlated with the level of education of the mother than the bacteriological 
variables of the mother. 

4.5 Discussion 

Baseline group 

The number of children with detected mutans streptococci were relatively high In 
comparison to other studies (Catalanotto,1975; Alaluusua e.a.,1983). A strong correlation 
exists between the presence and infection load of mutans streptococci In plaque and 
saliva samples (Keene, 1982; Van Houte, 1978; Köhler, 1981; Schaeken et al., 1987). This 
was confirmed by the present study where In a positive and high correlation was found 
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between the numbers of mutans streptococci In saliva and plaque. This correlation Is In 
the same order as demonstrated In 12-to- 15-year-old children by Mundorff et al. (1990b). 
However, the saliva samples contained mutans streptococci more frequently than the 
plaque samples. This can be explained by the fact that the plaque samples were only 
collected from the upper Incisors and therefore did not reflect the whole mouth In 
contrast to the saliva sample. 

Taking a plaque sample from the upper Incisors required less cooperation from the child 
than the collection of saliva. In a number of children it was totally impossible to acquire a 
saliva sample, while In some children an adequate amount of saliva could not be 
assembled. 

The presence of low amounts of lactobacilll in only a small number of children confirm the 
findings of Carlsson (1975). 

As could be expected, the composition of the oral microflora was different In the parents 
compared to their children. Mutans streptococci were detected In 97% of the saliva 
samples of the parents and In 50% of the subjects In high numbers ^ІО6). Lactobacilli 
were observed In the saliva samples of 81% of the parents and high numbers (>105) were 
found In 20% of them. Though the average age of the parents will have been higher, 
these results are comparable to a study on 394 adolescents (15-19 yrs) (Frankenmolen, 
1990). Frankenmolen discovered mutans streptococci in the saliva of 95% of his 
population and 55% had high numbers (^ΊΟ6). Lactobacilli were found in the saliva of 75% 
of the adolescents while 25% of them showed high numbers (>105). 

Various age groups 

Between the various agegroups no significant differences were found for the numbers of 
mutans streptococci in saliva. In general lower levels of these microrganlsms were found In 
this study In comparison to studies In older populations ( Alaluusua et al., 1987; Kloek and 
Krasse, 1979; Zlckert et al., 1982). This study could not confirm the findings that mutans 
streptococci are Isolated more frequently when the child grows older because the 
numbers of teeth and retentive sites on the tooth surfaces will increase (Alaluusua and 
Renkonen, 1983; Catalanotto et al., 1975; Fujiwara et al., 1991). This might be explained by 
the age of the children being too high at baseline. In most of the children only the second 
deciduous molars still had to erupt. The change in the numbers of teeth present in the 
mouth may have been too small to observe an effect on the oral microflora. The number 
of mutans streptococci fluctuated more than the number of lactobacilll which tended to 
Increase In time. At the age of five the number of mutans streptococci In saliva In this 
study were comparable to the group of five-year-old children in a study of Alaluusua et al. 
(1989). 

Individual level 

In order to describe the development of the oral microflora in greater detail, the 
behaviour of mutans streptococci and lactobacilli was studied on an individual level. 
Looking at the group of children in whom the microorganisms were detected at one or 
more occasions, an increase or constant level of the bacterial counts was only seen in 
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26% (mutans streptococci In plaque), 49% (mutans streptococci In saliva) and 37% 
(lactobacllll In saliva) of the children. In the same group of children the microorganisms 
appeared to be undetectable In the samples on one or more occasion. In 66% (mutans 
streptococci In plaque), 42% (mutans streptococci in saliva) and 62% (lactobacllll In 
saliva) of the children. The disappearance of the microorganisms from the sample could 
simply be the result that the microorganisms were transients or that there were problems 
with the sampling technique. A study for the reliability of the tongue depressor for saliva 
sampling In 2-to-6-year-old children, demonstrated variation In the numbers of mutans 
streptococci during the day (Weinberger and Wright, 1990). Significant differences (p < 
0.01) were found between mld-mornlng and after lunch and between before and after 
lunch. A false negative result was found in 5% of the samples. In the present study the 
effect of fluctuations during the day will have been limited as all the samples were 
collected In the morning. The technique of sampling saliva was compared to the paraffin 
stimulated saliva technique and the tongue depressor technique in groups of young 
children and adults (Schaeken et al., to be published). In a group of 24 children (age 2 to 
5 years) mutans streptococci were detected in 50% of the children with the tongue 
depressor technique as well with the unstimulated saliva sample. In a group of 28 dental 
students mutans streptococci were detected In 100% of the samples with the paraffin 
stimulated and the unstimulated saliva technique and only 86% of the samples obtained 
with the tongue depressor technique. The average numbers of mutans streptococci 
detected were higher In the paraffin stimulated sample than In the unstimulated samples 
(Schaeken et al., to be published). The unstimulated saliva technique proved to be 
sensitive in detecting mutans streptococci and therefore the numbers of false negatives 
can be considered to be low. 

The detection frequency and numbers of mutans streptococci In the saliva samples are 
higher than In the plaque samples. This can be explained by the saliva better reflecting 
the situation In the whole mouth than the partial mouth plaque samples. The larger 
fluctuations of mutans streptococci In the plaque samples will partially have been the 
result of differences In the amount plaque collected. Furthermore, the storage of plaque 
In physiological saline presents more risks than the storage of saliva samples. To reduce 
the negative effects of storage, the samples were always kept In a refrigerator and most 
of the time processed at the day of collection. When the results represent the actual 
situation this Is surprising since the plaque samples have always been collected from the 
same sites. One would expect that after colonization of an approximal tooth surface the 
microorganism will not disappear anymore. The theory that the plaque on a tooth 
surface, once colonized with mutans streptococci, will show little variation in composition, 
could not be confirmed. The present study confirms the findings of Marsh et al. (quoted by 
König, 1978) who collected ten approximal plaque samples during a 3.5 year period In a 
group of 64 schoolchildren. They found stable increases In the viable counts of mutans 
streptococci In only 22% of the children. A last explanation for the variation in the 
bacterial counts could be that changes in the diet or fluoride Intake of the child are 
followed by a change in the composition of the oral microflora. However, small 
differences in the diet as found In this study will not affect the counts of mutans 
streptococci and lactobacllll In children (Carlsson, 1989). 
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Correlations between bacteriological data 

The amount of mutans streptococci present In stimulated saliva reflects the presence and 
proportion of mutans streptococci in the plaque (Köhler et al., 1981; Schaeken et al.. 
1987). The same can be stated for an unstimulated saliva sample and the plaque sample. 
In this study the correlation between the number of mutans streptococci in plaque and 
saliva were high and hardly varied with the age Interval. If a full-mouth plaque sample 
would have been collected the correlation between the number of mutans streptococci 
in the plaque and saliva sample would probably be higher. 

Between the number of mutans streptococci and lactobacilli lower correlations were 
found. The correlations between the number of mutans streptococci In plaque and the 
number of lactobacilli in saliva were more constant and on average slightly higher than 
the correlations between the number of lactobacilli and the number of mutans 
streptococci In saliva. The correlations between the number of lactobacilli and the 
number of mutans streptococci in the child were comparable and sometimes even 
higher than in the parent. 

In some studies similar biotypes of mutans streptococci were found In the parent (in most 
cases the mother) and the child (Rogers,1981). This supports evidence that the supporter 
of the child plays an important role in the infection of the child with mutans streptococci 
(Berkowitz and Jordan, 1975; Berkowitz et al. 1980). It has also been shown that bacterial 
transmission Is likely to occur among children in the same nursery (Masuda et al., 1979). 
Infection can occur by direct transfer of saliva as well as from the use of domestic objects 
such as toothpaste, toothbrushes and spoons that are contaminated with saliva (Köhler 
and Bratthall,1978; Svanberg,1978). The salivary concentrations of microorganisms such as 
mutans streptococci and S. sanguis were suggested to be crucial In their establishment on 
the tooth surface (van Houte,1974). Based on the intra-famllial relationship, Köhler et al. 
(1982,1983) have treated mothers that carry high numbers of mutans streptococci with 
the anti-bacterial agent chloorhexidine. In this way the establishment of mutans 
streptococci In the Infants could be prevented or delayed (Köhler et al., 1982, 1983). In 
the present study the correlations between mutans streptococci in the parent and the 
child were very low and most of the time not statistically significant (p < 0.05). These results 
are not In agreement with the studies of Köhler et al. (1982, 1983) who found strong 
correlations between numbers of mutans streptococci in the young mother and mutans 
streptococci in the child. Since in their studies the suppression of mutans streptococci was 
performed as a part of a preventive program, it cannot be excluded that In these studies 
that the extra attention for this group of mothers might also have affected some other 
variables which in turn might have influenced the number of mutans streptococci In the 
child. The present results are more In accordance with the study from van Houte et al. 
(1981) who studied the relationship of levels of infection of mutans streptococci in the 
saliva of 5-to-8-year-old children and their parents. For the whole group of children no 
positive association was found between the levels of mutans streptococci In the children 
and their parents. However, after dividing the group into children with carles and without 
carles, a significant association ( r = 0.31) was observed between the levels of mutans 
streptococci In the children with carles present and their mothers. 
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From the age of 2.5 years, statistically significant (p < 0.01) correlations were observed 
between the bacteriological data and the dbmfs scores of the children. At most of the 
age Intervals, lactobacllll showed somewhat higher correlations with the dbmfs scores 
than the mutans streptococci. The correlations between dbmfs scores and the mutans 
streptococci In saliva were slightly higher than between the dbmfs scores and the mutans 
streptococci in plaque. Only at the youngest age Interval no significant correlations were 
found between the carles scores and the mutans streptococci or lactobacllll. Positive 
correlations between the numbers of lactobacilll and mutans streptococci In saliva, and 
the carles activity were noted In several other studies (Klock and Krasse, 1977; Crossner, 
1981; Zlckert et al., 1983; Newbrun et al., 1984). Although mutans streptococci are the 
species which Is most active In converting sucrose to acids (Mlnah and Loesche, 1977), 
the present study demonstrated that the lactobacllll had the highest correlation with the 
dbnnfs score. However, lactobacllli were detected less frequently and In lower numbers 
than the mutans streptococci. 

The correlations between the dietary scores (according to the 24-hr. recall method) and 
the numbers of mutans streptococci in plaque and saliva were very low and not 
significant In most of the age groups. Lactobacilli are thought to be strongly associated 
with the number of sugar-containing food Intakes ( Karjalainen et al. 1987) but this was not 
evident In the present study. The results were similar to the correlations between the 
numbers of mutans streptococci and the number of dietary Intakes. In a study of Carlsson 
(1989) in adults no differences were found in the composition of the oral microflora 
between groups with a carlogenlc and a non-cariogenlc diet. He concluded that the 
differences In diet between these groups were not sufficient to affect the counts of 
lactobacllli or mutans streptococci, but may have been sufficient to create differences In 
carles prevalence. This might also be applicable to the present study. In general better 
correlations were found between the dietary scores and the mutans streptococci In saliva 
than in plaque. 

The composition of the oral microflora in the mother had a limited effect on the oral 
microflora of the child. However, the level of education of the mother revealed significant 
correlations with the numbers of mutans streptococci and lactobacilll In the child at every 
age. As already stated in chapter 3, this may be the result of a lower dental mlndedness 
associated with a lower level of education, thus allowing the child to be subjected to 
more unfavourable conditions (de Vries and Rulken, 1987). 

70 



5 Risk indicators and dental caries 

5.1 Introduction 

In this chapter the question will be addressed concerning the extent to which future caries 
presence (at the age of 5 years) can be predicted In preschool children. In order to select 
the individuals whom will develop caries In the future, worldwide research Is going on to 
develop predictive- or prognostic predictive caries tests. In the past, several variables 
have been identified, showing strong correlations with dental caries on a group level. 
However, a significant correlation on a group level does not automatically mean that 
such a factor can be used to Identify an Individual carles risk. 

In epidemiological studies, a sound predictive- or prognostic predictive test should meet 
the following demands (Newbrun, 1983): 

Validity. This means that the test measures what it intends to measure, and can be 
expressed In terms of sensitivity and specificity. 

Reliability. This means that a test must be reproducible. When a test is applied to the 
same Individuals on different occasions or by different examiners to one Individual, 
there should be a high agreement between the two sets of results. 
Feasibility. This means that the test should be inexpensive, not too time-consuming 
and easy to use. 

In several studies concerning the prediction of dental carles the above mentioned 
considerations were Ignored or incomplete information was given in the publications. 
Another problem Is that many studies had no longitudinal design and therefore did not 
have the Intention to predict the development of caries in the future but instead the 
carles prevalence at that moment. Studies have used bacteriological criteria such as 
mutans streptococci (table 5.1) or lactobacilli (table 5.2) or combinations of these 
mlcrorganisms with other risk Indicators (table 5.3). Different statistical analyses were 
applied and caries Incidences (table 5.1 to 5.3) or values for sensitivity (percentages of 
correctly positively classified cases) and specificity (percentages of correctly negativily 
classified cases and predictive values) (table 5.4a to c) were calculated. Apart from 
these differences results are also difficult to compare because the studies differ In regard 
to the age and size of the population, period of time over which the prediction was done, 
definition of the rlskgroup (validating criterion), the screening criteria and the design of 
the study. 

Only a limited number of studies has focussed on preschool children. The validating 
criterion used In these studies demonstrated a large variation due to differences In the 
methods of diagnosing dental carles and the definition of the population at high risk. 
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Table 5 1 Publications on numbers or presence of Mutans streptococci In plaque or saliva and carles Incidence 

Authors Year Subjects mutans s 
age number m level 

Carles 
Incidence 

Swenson et al 

Harde et al 

Mock and Krasse 

ZJckertet al 

Zekert et al 

Alaluusua and 
Renkonen 

Burtetd 

Newbrun et al 

Krtstoffersson et al 

StecksAn-BIIcks 

Köhler et al 

1976 

1977 

1979 

1962 

1933 

1983 

19β3 

1983 

1985 

1985 

1988 

6-9 

12-13 

9-12 

13-16 

13-16 

2 

6-8 

8-9 

13 

8 

13 

1-4 

791 

19 

271 

53 

47 

39 

279 

293 

28 

88 

91 

78 

pooled 
plaque 

plaque 

saliva 

saliva 

saliva 

plaque 

tissure 
plaque 

saliva 

plaque 

saliva 

salva 

saliva 

0 
< 1 % 
1-4% 
10-19% 
>30% 
0 04" 
58 
<10 7 

> IO7 

< Ю * 
>10 6 

< 250 χ IO3 

>10 ά 

< 2 5 0 x l 0 3 

> 2 5 0 x l 0 3 23%t 
> 2 5 0 x l 0 3 64% 
> 250 χ IO3 95% 
not detected 
detected at 4 yrs 
detected between 
2 and 4 yrs 
not detected 
low 
fluctuating 
high 
low 
medium 
high 
not detected 

present 

<10 5 

> to5 

<10 5 

> 105 

not detected 
detected between 
3 and 4 yrs 
2 and 3 yrs 
1 and 2 yrs 

33 
34 
47 
56 
60 
0 
+ 
29 
51 
27 
36 
74 

208 
48 
68 

10 5 
1Ó5 
03 
34 

10 6 

0 69 0 87 
160 142 
1 77 1 91 

176 
2 69 
449 

236/247 

69/283 

10 
51 
19 
60 
03 

09 
25 
50 

new restored or carious 
surfaces after 2 yrs 

no progression of carles 
progression of carles 
new carious lesions 
during 2 yrs 

new carious lesions during 
3yrs 
new lesions In relation to 
percent ottime with 250 χ IO3 

during 3 yrs 

dsat4yrs 

mean DMFS In left respectively 
right mandibular flrst molars 

mean DMFS Increment 
of the preceding 4 yrs 

96% of approxlmal surfaces 
without caries after 2 yrs 
24% of approxlmal surfaces 
with new carles after 2 yrs 
new carious lesions 
during 2 yrs 

ds at 4 yrs 

" mean percentage mutans streptococci of totol anaerobic count t percent of time during 3 yrs with 250 χ IO3 per ml saliva 



Table 5.2 Publcotlons on numbers of lactobadni In saliva and carles Incidence. 

Authors 

Krasse and Edwardsson 

Mock and Krasse 

Crossner 

Stecksén-BIIcks 

Year 

1965 

1979 

1981 

1985 

age 

11-13 

9-12 

14 

8 

13 

Sublects 
number 

124 

271 

107 

88 

91 

Lactolxicilll 
In 

saliva 

saliva 

saliva 

saliva 

saliva 

no 

<105 
2 І 0 5 

<105 
2 І 0 5 

<10 4 

2 І 0 5 

<10 5 

2 105 
<10 5 

2 105 

Carles Incidence 

3 9 
82 
2 9 
3 7 
0 9 
4.5 
1.2 
27 
19 
68 

new filings during 
2 school years 
new carious lesions 
during 2 years 
new carious lesions In 
64 weeks 
new carious lesions In 
13 months 

Table 5.3 Publications on combinations of prediction methods and cartes Incidence 

Authors Year Sublects 
age number 

Method Level Carles Incidence 

Nock and Krasse 

Stecksén-BIIcks 

1979 9-12 271 

1985 β 88 

13 91 

MS 
and lactobacllll 
and Incipient lesions 
MS 
lactobacllll 
Incipient lesions 
MS 
lactobacllll 
MS 
lactobacllll 
MS 
lactobacllll 
MS 
lactobacllll 

>10 ό 

>1θ5 
>11 
S.106 

i l O 5 

>11 
> IO5 

>10 5 

<10 5 

<1θ5 

Я 0 5 

>1θ5 
<10 5 

<10 5 

84 

36 
3 7 
4.4 
35 

1.2 

9 4 

19 



Table S 4 a Carles prediction studies using various screening criteria 

Authors Year Age 
(yrs) 

Length 
of study 

Screening criterion Validating criterion Prevalence 
predicted 
high risk 

49 

19 

25 

32 

-

51 

Sensitivity 

66 

ее 

55 

45 

44 

50 

69 

54 

Specificity 

75 

62 

76 

87 

87 

96 

91 

65 

Positive 
predictive 
value 

90 

45 

69 

85 

64 

51 

Negative 
predictive 
value 

29 

87 

58 

80 

91 

68 

Bruszt 

Hill et al 

Swenson et al 

Rise et al 

Poulsen and Holm 

Crossner 

Schröder and Granath 

Kolehmalnen et al 

1959 

1967 

1976 

1979 

1980 

1981 

1983 

1985 

Newbrun et al 

Krlstoffersson et al 

Stecksén-Blicks 

Zekert et al 

1984 

1985 

1985 

19S5 

5 

6 

6-9 

9 

3 

146 

3 

12-13 

97 

579 

575 

114 

458 

115 

143 

171 

6 

β 

2 

7 

3 

12 

0 

1 

11-12 293 

13 28 

8 88 

13 91 

13-14 42 

4 
retrosp 

2 

dmft and D M F 
of dental carles 
dmft and DMFT 
of dental carles 
MS> 1% 
In plaque 
г 8 FS at the age 
retrosp of 9 yrs 
25% with highest 
d m f s a t t h e a g e o f 
3yrs 

lactobacllll In 
saliva г IO 5 

gingival status 
dietary habits 
group 1 
social class. 
freq brushing. 
numb lactobacllll In 
saliva, plaque Index 
group 2 

as group 1 Including 
DS and FS 

MS > 1 0 6 

In saliva 
pres of MS In 
plaque on approxl 
surfaces 
lactobacllll and 
MS present in 
saliva 

MS > 106/ml 

lactobacllll > lO^rnl 

MS > 106/ml 

absence or presence 

absence or presence 

new DS or FS 

г 45 FS during 
9 - 1 6 yrs 

presence of carles 
In permanent dentition 

г 2 new lesions 

during this period 

carles present 

> I D S 

DMFS Increment > ( 
during this period 
development of 
newDS 

2 3 new DS during 
this period 

> l O n e w D f orDS 
In 5 yrs 

> 10 new Df or DS 
In 5 yrs 

> 20 new Df or DS 
In 5 yrs 

60 

9 

53 

20 

37 

18/42 

18/42 

17 

60 

52 

39 

38 

44 

33 

41 

74 

71 

93 

91 

100 

96 

91 

60 

14 

24 

58 

72 

100 

86 

63 

74 

95 

96 

86 

71 

94 



Table 5 4b Cartes prediction studies using various screening criteria 

Authors 

Baderetal 

Abernathy et al 

Alaluusua et al 

Renlhäkkinen 

Plenlhökklnen et al 

Schröder and 
Edwardsson 

Year 

1986 

1987 

1987 

19β7α 

19в7Ь 

1987 

Age η 
(yrs) 

5-11 124 

12-18 73 
6-11 2637 

9 128 

7-12 284 

6-7 171 

9-10 127 

3 133 

Length 
of study 

IS 

15 
4 

2-8 

2 

3 

3 

0 

Screening criterion 

DMFS. deft, number 
permanent teem. 
retention and 
morphology of 
Assures, number of 
lactobacllll and 
MS In saliva, 
sex and race 

age. sex. race. 
soclo-econ status. 
sound surfaces, 
referralscore. 
modified Grainger 
Index, dentition 
status. DMFS 

dmfs Increment up 
to the age of 9 
salivary buffering 
capacity, nrs of 
lactobacilll 
and yeasts In saliva, 
Incipient carles lesions 
lactobacllll and 
yeasts In saliva 

dietary habits and 
gingival status, 
MS present/absent, 
lactobacllll pres /abs, 
MS and lactobacilll 
present/absent. 
dietary habits and 
gingival status and 
MS present/absent. 
dietary habits and 
gingival status and 
lactobacllll pres /abs 

Validating criterion 

30% with highest 
carles Increment 

25% with highest 
carles Increment 

25% with highest 
dmfs score (> 14) 
carles Increment > 
median 2 yr net 
Increment 

carles Increment 
greater than the 
median Increment 
value 

carles present 

Prevalence 
predicted 
high risk 

27 

23 
25 

25 

48 

46 

33 

Sensitivity 

61 

59 
50 

60 

63 

43 

55 

86 

80 
48 
76 

94 

87 

Speclflclty 

81 

79 
80 

80 

69 

75 

81 

69 

58 
97 
95 

76 

95 

Positive 
predictive 
value 

50 

40 

58 

49 
88 
86 

74 

87 

Negative 
predictive 
value 

80 

85 

91 

85 
79 
90 

95 

95 
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Table 5 4c Carles prediction studes using various screening criteria 

Authors Year Age η Length Screening criterion Validating criterion Prevalence Sensitivity Speclflclty Positive Negative 
(yrs) of study predicted predictive predctlve 

high risk value value 

Seppu and Hausen 

Sullivan and Schröder 

Kloek et al 

1988 

1988 

1989 

11 - 13 124 

5 89 

14 100 

age DSandDMFS 
with the highest 
carles scores 
age DS.DMFSand 
Initial carles 

gingivllls 
lactobaclil In saliva 
>103 

MS > 5 CFU/ml 
gingivitis 
MS>0 
buffer capacity 

>106MSIn 
saliva 

> loSMSIn 
saliva 

31% of children 

new caries lesions >0 

new caries lesions 

31 

31 

51 

51 

32 

32 

49 

51 

53 

56 

16 

19 

76 

78 

74 

64 

84 

90 

45 

47 

85 

82 

31 

46 

79 

80 

35 

33 

61 

70 



Sometimes caries was diagnosed with the help of a mirror and an explorer, while in other 
studies additional radiographs had been used. In some studies white spot lesions were not 
recorded as dental carles while other studies took this type of lesions Into account. 
Problems arise as the patient at high risk was not uniformely defined. An Individual might 
be considered to demonstrate a high risk In one study but not according to the definition 
used in another study. Differences in the validating criterion will definitely have an effect 
on the sensitivity and specificity of the test. 

Even studies focussing on the same risk indicators were difficult to compare because the 
screening criteria or discriminating levels varied. Another problem was that a comparison 
of bacteriological risk factors was difficult as they vary in methods of sampling, cultivation 
and identification of the microorganism. According to some studies (Grubb and Krasse, 
1954; Marsh et al., 1978 quoted by König 1982), for example, bacteriological samples can 
vary considerably In the same person under unchanged experimental conditions while 
other Investigators (Klock and Krasse, 1979; Togellus et al., 1984) reported a fairly stable 
behaviour for mutans streptococci and lactobacllli. In some studies more samples have 
been collected to reduce the negative effects of incidental fluctuations (Klock and 
Krasse, 1977; Zickert et al., 1982; Köhler et al. 1982). Apart from these Inherent problems of 
bacteriological screening criteria, the threshold value of the Infection level varied 
between different studies. 

The cohort design of the present study enabled one to combine the data collected in 
various age groups with the carles presence at the age of 5 years. Firstly, the variables 
which are representative for the etiological factors of dental caries, such as the 
composition of the oral microflora, dietary habits, and oral hygiene; secondly, factors 
having possible inhibitory effects on the development of carles, such as tooth brushing 
and administration of fluorides; thirdly, variables like the level of education of the parent 
and the DMFT score of the parent; and at last yellow-brown dlscolourations of the enamel 
(most frequently in pits and fissures on the occlusal toothsurfaces) not developmental in 
nature, were used to predict the prevalence of dentinal caries in the future. In review 
articles about the identification of high risk caries groups it was assumed that a 
combination of several predictors of dental carles could provide a more efficient 
screening test than a single Indicator (Demers et al,, 1990; Hunter, 1988). In this study, new 
variables were composed of several predictors and sets of variables were used In the 
discriminant analysis. 

While in the previous chapters the longitudinal behaviour of the risk Indicators of dental 
carles was described at several ages, this chapter tries to answer the main question of this 
study: 

Is it possible to construct a prognostic predictive test for dental caries in preschool 
children which provides a strong discrimination between the future caries free and caries 
active children? 
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5.2 Definitions of different age groups and variables 

Several diagnostic thresholds can be utilised to describe the caries prevalence In a 
population, thus Influencing the size of the "caries group" (Rlmmer and Pitts, 1991). In this 
study, a subject was considered to belong to the "carles group" when at five years of 
age dentinal caries was present In one or more deciduous teeth. According to this 
definition, on average 34% of the children belonged to the caries group. Presence of 
enamel lesions (discolouration or loss of surface continuity) In the dentition at baseline 
was allowed. The definition of dentinal carles Is complicated by the fact that lesions 
detected on the radiographs and reaching the dentino-enamel junction might already 
progress Into the dentin (Verdonschot, 1991; Wenzel et al., 1990). However, most often the 
WHO criteria are applied to identify groups with dentinal carles. According to these 
standards lesions not passing the dentino-enamel junction on the radiographs were 
classified as enamel carles. In this chapter the WHO criteria were followed in order to 
enable comparisons with other studies. 

Age groups 

- Baseline group 

At the time that the children first visited the child dental health center and entered the 
study, the average age was 2.4 year (range 1.9 to 2.8 year). This baseline group (with Its 
large age distribution) was used in most of the analyses. 

- Three and half years group 

Another group was composed with an average age of 3.5 year (range 3.2 to 3.8 year). 
Principally two advantages were gleaned from this group's composition. Firstly, in this way 
a more "compact" age group could be constructed in comparison to the baseline 
group. Secondly, this older group enabled an evaluation if the age on which the data 
were collected influenced the analyses. For the multivariate analyses previously collected 
data were combined to distinguish two so-called 3.5 year groups in which different sets of 
data were used: 

- 3.5 yr group(average scores) 
In this group the average scores of the previously collected data were calculated 
and applied to further analyses. 

- 3.5 yr group(unfavourable scores) 
The most unfavourable scores of all the previous examinations per child were used 
for the analyses. The maximum scores were selected for plaque- and gingivitis 
scores, number of mutans streptococci and lactobacilli, food- and sugar Intakes 
(24-hr recall and dietary diary combined), and presence of Initial enamel lesions 
(discolourations). For the variables total fluoride Intake and frequency of 
toothbrushlng, the lowest scores were taken. 
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Depending on the variables selected for analysis, the baseline group consisted of 176 to 
193 children, the 3.5 year group of 166 to 178 children. 

Independant variables used In the analyses 

Before analyzing the data (univariate as well as multivariate analyses), transformation of 
the data was performed. Various scales were attempted for the screening criteria In order 
to select the scale which discriminated best between the carles active and the no-carles 
group. For some variables the scales resulted In groups with an Inadequate size. For 
example the lactobacllli counts and the numbers of initial enamel lesions were replaced 
by the absence or presence of these phenomena In order to Increase the number of 
children In a group. Both single variables and newly combined variables were subjected 
to the analyses. 

The single variables (and scales), utilized In the analyses, are presented in table 5.5 and 
table 5.6. 

Table 5.5 Bacteriological variables (lactobacllli and mutans streptococci) and scales, 

Independant variable 

Lactobacilli In saliva 
MS In plaque and/or saliva 

MS In saliva 

MS In plaque 

Mnenomic 
name 

Lactopres 
Mutpres 
Muttot2 
Muttot3 
Muttot4 
Muttot5 
Muttotó 
MutsalS 
MutsaW 

MutsalS 

Mutplaq3 
Mutplaq4 
MutplaqS 

0 

absence 
absence 
<102 
<103 

<104 

<10 5 

<106 

0 
0 
<10 3 

0 
0 
<103 

Scale 
1 

presence 
presence 
>102 

е І О 3 

s l O 4 

£105 
à i o 6 

ài <103 

>1 <104 
>103<105 

£l < io3 

2:1 <104 

>10 3< 105 

2 

S103 

>104 
à lO 5 

>103 

à lO 4 

à lO 5 
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Table 5.6 Carles risk- and carles Inhibiting Indicators and their scales. 

Independant variable 

Sugar-containing food Intakes 
(diary) 
All food Intakes (diary) 

Sugar-cont. food intakes (24 hi) 
Sugar-cont. food intakes (24 hr) 

All food intakes (74 hr) 

Plaque score 

Gingivitis score 

Initial enamel lesions (1 or more) 
(yellow/brown discoloured) 
Tooth brushing frequency 
(frequency per day) 
Total fluoride intake (mg per day) 

Level of education "mother" 
DMFT score "mother" 

Mnenomic 
name 

Sugar 1 
Sugar2 
Food! 
Food2 
Food3 
Sugar(24)l 
Sugar(24)2 
Sugar(24)3 
Food(24)l 
Food(24)2 
Food(24)3 
Plaql 
Plaq2 
Plaq3 
Glngl 
Ging2 
Glng3 
Discolour! 

Brushing 1 
Brushlng2 
Fluori 
Fluor2 
Educmoth 
DMFTmoth 

Scale 
0 1 

numbers / day 
<3 S 3 s 5 
numbers / day 
£5 >5йВ 

¿8 
numbers / day 
<3 ;>3<5 

й5 
numbers / day 

< 5 > 5 < 8 

йВ 
average (4 sites) 

<0.75 2:0.75^1.00 
< 0.75 S: 0.75 5 1.25 

average (4 sites) 

<0.75 2:0.75 <; 1.00 
<0.75 ;> 0.75 <; 1.25 

absence presence 

0 1 

O o r l 

0 > 0 < 0.25 

0 > 0 < 0.25 

low middle 

< 16 >16 

2 

> 5 

> 8 
> 8 

> 5 

> 5 

> 8 
> 8 

>1.00 

>1.25 

>1.00 
> 1.25 

2 o r 3 

2 o r 3 

>0.25 

>0.25 

high 

M = 28 

The last two variables in table 5.6 (Educmoth and DMFmoth) were related to the parent 
who played the major role in raising the child. In the majority of the children (see chapter 
3) this was the mother. However, In case that the father was most Involved with the 
education of the child, these variables represented the level of education and DMFT 
score of the father. 

Combined variables 

Several new combinations of variables were constructed according to Klock and Krasse 
(1979), Schroder and Granath (1983) and Schröder and Edwardsson (1987). Klock and 
Krasse combined numbers of white spot lesions with numbers of mutans streptococci and 
lactobacilll to predict caries in a population of older children. The differences in ages of 
the studied populations made It necessary to modify some of the above mentioned 
variables. As described In chapter 2, scoring white spot lesions in this longitudinal study 
was accompanied by fluctuations of the caries score. For this reason. In the newly 
combined variable they were replaced by the yellow/brown discolouratlons In the 
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enamel (pits and fissures) which could be diagnosed more reliable. Since the number of 
children harbouring lactobacilll was low, only the presence or absence of these 
microorganisms was registered. As described In chapter 4, due to the young age of the 
children the number of mutans streptococci was considered to be high at a lower level 
when compared to the levels used by «lock and Krasse (1979). Schroder and Granath 
(1983) combined the number of sugar-containing food intakes with the level of oral 
hygiene. In the present study the number of sugar-containing food Intakes were 
Intermingled with the gingivitis and plaque scores. Other combinations of variables 
applied In the analyses were the numbers of sugar-containing food Intakes and the 
number of mutans streptococci present In the plaque or saliva. Finally a variable was 
constructed which Incorporated a number of *positive" conditions and a variable 
combining several "negative* conditions In relation to dental caries risk. The variables 
"Negcon2" and "Розсопг* were assembled from predictive factors as used by Schroder 
and Edwardsson (1987). 

Of the single and combined variables, all the scales were tested In the analyses. However, 
in the following paragraphs only those variables will be presented in which the groups 
representing each score were large enough to allow statistical analysis. 

The combined variables and scales used, are presented in table 5.7. 
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Table 5.7 New combinations of variables and their scales 

Combination of variables Mnenomlc name Scale 
MLDIscI 

MS In plaque and/or saliva s IO3 

lactobacllll present 
enamel dlscolouratlons present 

MS In plaque and/or saliva £ 103 

lactobacllll present 
enamel dlscolourations present 

MS In plaque and/or saliva absent 
lactobacllli absent 
sugar Intakes < 5 

MS In plaque and/or saliva absent 
lactobacllll absent 
sugar intakes <, 5 
gingivitis score< 0.75 

MS In plaque or saliva г IO4 

sugar Intakes > 6 
fluoride Intake < 25 mg 

MS In plaque or saliva > 104 

sugar intakes > 6 
fluoride intake < 25 mg 
gingivitis score > 0.75 

MS In plaque and saliva á IO4 

sugar intakes <, 5 * 

toothbrushing frequency 2 2 

sugar intakes <, 5 * 

gingivitis and plaque score < 0.75 
sugar Intakes й 5 * 

MLDIsc2 

Posconl 

Poscon2 

Negconl 

Negcon2 

Sugmut 

Sugbrush 

Sughyg 

0 = no condition present 
1 = 1 condition present 
2 = 2 conditions present 
3 = 3 conditions present 

0 = no condition present 
1 = 1 condition present 
2 = 2 or 3 conditions 

0 = not all conditions 
1 = all conditions present 

0 = not all conditions 
1 = all conditions present 

0 = not all conditions 
1 = all conditions present 

0 = not all conditions 
1 = all conditions present 

0 = all conditions present 
1 = not all conditions 

0 = all conditions present 

0 = all conditions present 
1 = not all conditions 

'dietary information at baseline: according to the 
according to the 24-hr. recall method 

dietary diary. In the 3.5yrs groups: 
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5.3 Data analysis 

In order to assess the Influence of a potential risk factor on the disease under study, 
relative risks (RR) have been calculated. Besides univariate analysis of (single) risk 
Indicators, multivariate analyses of the data were performed In order to gain an insight 
Into the simultaneous effects of several risk factors. 

Univariate analysis 

In epidemiological literature concerning risk factors. Relative Risks (RR) and Odds Ratio's 
(OR) are customarily presented to express the influence of a potential risk factor on the 
disease. In case-control studies only Odds Ratio's are valid. In cohort studies, most often 
risk ratio's are used. RR's were calculated according to the definitions presented in table 
5.8. 

Table 5.8 Estimation of Relative Risk ratio's. 

At risk 

Not at risk 

Caries 

a 

с 

No carles 

b 

d 

Total 

a+b 

c+d 

Probability of caries = ¿ ^ or ^ and RR = § | g § 

A 95% confidence Interval may be calculated using the large sample approximation for 

the error In «log (RR): error In «log (RR)= л / с ( д + с ) + ¿¿+(іу 

Multivariate analysis 

Also multivariate analyses of risk Indicators have been performed to gain an Insight into 
the simultaneous behaviour of several risk factors and potential confounders. The 
multivariate analysis applied In this study was the so called discriminant analysis. There are 
several types of discriminant analyses described In the literature. The logistic discriminant 
analysis and the lineair discriminant analysis are most frequently used in epidemiological 
studies. Both types of analysis would be applicable In this study design. However, the latter 
type of discriminant analysis was used in this study because of the better computational 
facilities such as the stepwise approach, the structure analysis, the ease to handle prior 
distributions and graphical representation. 

5.3.1 Univariate analyses 

All the original and newly constructed variables, as presented In table 5.1 to 5.3, were 
subjected to univariate analyses. To estimate the risk ratio's for dental caries at the age of 
five years, RR's between the extreme scores were calculated (statistically significant at ρ < 
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0.05) for the baseline group and the 3.5 yr group(unfavourable scores). As socially 
desirable answers may be given more often in the course of the study. It was decided to 
select the most unfavourable scores instead of the average scores of the 3.5 years group. 
For each topic (bacteriology, diet and oral hygiene) a scale was chosen which had the 
best discriminating power and by preference had a prevalence of at least 10% In the 
smallest group. When the number of children with a specific score was too small, another 
scale was selected. 

Single variables and risk ratio's 

The results of the bacteriological variables In the baseline group are presented in table 5.9 
and of the 3.5 years group In table 5.10. In the baseline group, risk ratios for the 
bacteriological factors were In general low but statistically significant (p < 0.05) and 
varied between 1.6 (Confidence Limits 1.1 to 2.3) and 2.6 (Confidence Limits 1.8 to 3.6). In 
the 3.5 years group the highest relative risk (3,1; Confidence Limits 1,73 to 5.56) was found 
for the factor "MutsaW", representing the number of mutans streptococci In saliva-
Table 5.9 Probabilities, percentages of children and risk ratios (RR) to identify the 

caries group at 5 years of age for the bacteriological data; baseline group 
of 193 children. (Prob. = probability, % of children in parentheses) 

Variable 
(mnenomlc 
name) 

MS in saliva 
Mutsal3 
Mutsal4 

MutsalS 
MS In plaque 
Mutplaq3 
Mutplaq4 
MutplaqS 
MS in plaque and/or 
saliva 
Mutpres 
Muttot2 
Muttot3 
Muttot4 
MuttotS 
Muttotó 
Lactobacilli In saliva 
Lactopres 

Prob, to belong to the future caries 
group and % of children 

0 

.30 (61) 

.30 (61) 

.31 (77) 

.29 (70) 

.29 (70) 

.28 (78) 

.29 (55) 

.26 (63) 

.27 (69) 

.28 (80) 

.29 (84) 

.34 (93) 

.33 (89) 

Scale 
1 

.37(16) 

.36 (26) 

.37 (14) 

.15 ( 8) 

.25(12) 

.58 ( 9) 

.47 (45) 

.54 (37) 

.58(31) 

.69 (20) 

.74(16) 

.71 ( 7) 

.62(11) 

2 

.53 (23) 

.68(13) 

.77 ( 9) 

.68 (22) 

.74(18) 

.74(13) 

RR (between 
extreme scores) 

1.8* 
2.3' 
2.5* 

2.3* 
2.5* 
2.5* 

1.6* 
2.Γ 

2.2' 

2.5* 

2,6* 

2.1* 

1.9* 

* statistically significant at ρ < 0.05 
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Table 5.10 Probabilities, percentages of children and risk ratlos (RR) to Identify the carles 
group at 5 years of age for the bacteriological data; 3.5 yr group 
(unfavourable scores) of 174 children. (Prob. = probability, % of children In 
parentheses) 

Variable 
(mnenomlc 
name) 

MS in saliva 
Mutsal3 
MutsaH 
MutsalS 
MS in plaque 
MutplaqS 
Mutplaq4 
MutplaqS 
MS in plaque and/or 
saliva 
Mutpres 
Muttot2 
MuttotS 
Muttot4 
MuttotS 
Muttotó 
Lactobacilli In saliva 
Lactopres 

Prob, to belong to the future carles 
group and % of children 

0 

18(45) 
.18(45) 
.19(63) 

.26 (64) 

.26 (64) 

.27 (77) 

.20 (39) 

.19(50) 

.18(58) 

.23 (72) 

.28 (84) 

.29 (92) 

.26 (79) 

Scale 
1 

.23(17) 

.35 (32) 

.50 (24) 

.31 (13) 

.31 (20) 

.43 (12) 

.40 (61) 

.45 (50) 

.51 (42) 

.55 (28) 

.55(16) 

.57 ( 8) 

.51 (21) 

2 

.52 (38) 

.55 (23) 

.56(13) 

.49 (23) 

.57(16) 

.55(11) 

RR (between 

extreme scores) 

3.0· 

З.Г 
2.9' 

1.9* 
2.2* 

2.0* 

2.0* 
2.4* 

2.8* 
2.4* 

2.0* 

2.0* 

2.0* 

* statistically significant at ρ < 0.05 

The results for the variables dietary information, toothbrushing, fluoride administration, 
education and DMFT of the mother are presented in table 5.11 (baseline group) and 
table 5.12 (3.5 yr group(unfavourable scores)). 

In the baseline group (see table 5.6) the variable education of the mother and sugar 
Intake (recorded with the dietary diary) demonstrated the highest relative risk. The dietary 
Information obtained by the 24-hour recall method had a low relative risk which was not 
statistically significant at ρ <0.05. The same was true for the variable "Brushing2".The DMF 
score of the mother combined a low relative risk with a very small group. The relative risk 
of the fluoride variables was moderate but statistically significant. 

In the 3.5 yr group(unfavourable scores) the relative risks of the variables Brushing2, 
Sugar(24)3 and Food(24)3 were low and not statistically significant. The fluoride variables 
showed the highest relative risks with adequate groups of children for the various scales. 
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Table 5.11 Probabilities, percentages of children and risk ratios (RR) to Identify the 
carles group at 5 years of age for dietary, toothbrushing frequency, fluoride 
Intake, education of mother and DMFT variables; baseline group. (Prob. = 
probability, % of children In parentheses) 

Variable 
(mnenomlc 
name) 

Diet 
Sugar2 
Sugar(24)2 
Food3 
Food(24)3 
Brushing frequency 
Brushing2 
Fluoride ingestion 
Fluori 
Fluor2 
Level of education 
mother 
Educmoth 
DMFT parent 
DMFTmoth 

η 

193 
156 
193 
156 

200 

200 
200 

200 

189 

Prob, to belong to 1 fhe future carles 
group and % of children 

0 

.17(15) 

.33 (29) 

.59 (11) 

.59 (11) 

.51 (34) 

.32 (34) 

Scale 
1 

.36(53) 

.34 (43) 

.32 (82) 

.37 (85) 

.40 (49) 

.47(10) 

.38(17) 

.36 (38) 

.37 (60) 

2 

.45 (32) 

.49 (28) 

.56(18) 

.43(15) 

.34 (51) 

.33 (79) 

.33 (72) 

.20 (28) 

.64(6) 

RR (between 
extreme scores) 

2.7* 
1.5 
1.7* 
1.2 

1.2 

1.8* 
1.8* 

2.6* 

2.0* 

* statistically significant at ρ < 0.05 

Table 5.12 Probabilities, percentages of children and risk ratlos (RR) to Identify the 
carles group at 5 years of age for dietary, toothbrushing frequency, fluoride 
Intake; 3.5 yr group(unfavourable scores). (Prob. = probability, % of children 
In parentheses) 

Variable 
(mnenomlc 
name) 

Diet 
Sugar(24)3 
Food(24)3 
Brushing frequency 
Brushlng2 
Fluoride ingestion 
Fluori 
Fluor2 

η 

178 
178 

178 

178 
178 

Prob, to belong to the future carles 
group and % of chlldrer 

Scale 
0 1 

.28 (48) 

.29 (74) 

.36(64) 

.61(13) .37(15) 

.61(13) .32(23) 

1 

2 

.36 (52) 

.40 (26) 

.25 (36) 

.26 (72) 

.26 (64) 

RR (between 
extreme scores) 

1.2 
1.4 

1.4 

2.3* 
2.3* 

* statistically significant at ρ < 0.05 

The relative risks for the variables dlscolourations and oral hygiene are presented In table 
5.13 and table 5.14. In the baseline group the variable representing the presence of dark 
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discolourations of the enamel demonstrated a relative risk of 2.3 (Confidence limits 1.6 to 
3.3). However, the number of children with discolourations present was very small. Of the 
oral hygiene variables only the "PlaqueS" variable showed a moderate but statistically 
significant relative risk In the baseline group. However, the number of children with a high 
plaque score was very low. 

In the 3.5 yr group(unfavourable scores), the relative risk of the variable reflecting the 
presence of dark discolourations of the enamel was high (2.7; Confidence Limits 1.7 to 4.1) 
with adequate groups of children for the various scores. The relative risks of the oral 
hygiene variables were not statistically significant. In comparison to the baseline group 
the risk ratio of the variable "Discolour! " Improved, In spite of a relative risk of 2.3 for one 
of the gingivitis variables In the 3.5 yr group(unfavourable scores), the Confidence Limits 
were 0.9 to 5.9 and therefore the relative risk was not statistically significant at ρ < 0.05. 

Table 5.13 Probabilities, percentages of children and risk ratios (RR) to Identify the 
caries group at 5 years of age for enamel discolourations, plaque and 
gingivitis variables; baseline group. (Prob. = probability, % of children In 
parentheses) 

Variable 
(mnenomlc 
name) 

Initial lesions 
Discolour 1 
Oral hygiene 
Plaq2 
Plaq3 
Ging2 
Glng3 

η 

200 

179 
179 
179 
179 

Prob, to belong to the future 
group and % of children 

0 

.34 (93) 

.33 (71) 

.33(71) 
,34 (66) 
.34 (66) 

Scale 
1 

.78(7) 

.39 (20) 

.36 (22) 

.36 (24) 

.36 (30) 

2 

caries 

.56 ( 9) 

.69 ( 7) 

.56(10) 

.57(10) 

RR (between 
extreme scores) 

2.3* 

1.7 
2.1' 
1.7 
1.7 

* statistically significant at ρ < 0.05 
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Table 5.14 Probabilities, percentages of children and risk ratios (RR) to identify the 
caries group at 5 years of age for enamel discolourations, plaque and 
gingivitis variables; 3.5 yr group(unfavourable scores), (prob. = probability, % 
of children in parentheses) 

Variable 

(mnenomlc 

name) 

Initial lesions 

Discolour 1 

Oral hygiene 

Plaq2 

Plaq3 

Ging2 

Ging3 

η 

178 

178 

178 

178 

178 

Prob, to belong to the future 

group and % of children 

0 

.21 (69) 

.28(16) 

.24 (27) 

.27 ( 6) 

.19(15) 

Scale 

1 

.56(31) 

.25(32) 

.32 (43) 

.23 (36) 

.29 (52) 

caries 

2 

.38 (52) 

.40 (30) 

.38 (58) 

.42 (33) 

RR (between 

extreme scores) 

2.7* 

1.4 

1.6 

1.4 

2.3 

* statistically significant at ρ < 0.05 

Comparing the baseline group and the 3.5 yr group it can be concluded that both 
groups revealed high relative risks for the variables reflecting the numbers of mutans 
streptococci. The relative risks of the variable representing the absence or presence of 
lactobacilli were of the same order. The variables reflecting the fluoride Intake and 
presence of enamel discolourations demonstrated significant relative risks in both groups 
while most of the oral hygiene variables failed to do so. Distinct differences between both 
groups were found for the dietary variables. Only in the baseline group did the dietary 
scores based on the dietary diary appear to result in significant relative risks. 

Combinations of variables 

Additionally, the new combinations of variables were tested on their ability to discriminate 
between the children with and without dentinal caries at the age of five years. According 
to the studies In table 5.3, new combinations of risk indicators as given in table 5.7 were 
constructed and tested. Table 5.15 and 5.16 present the results of the analyses. For the 
combined variable "MLDiscl" only 2 children had all three conditions present and 
therefore the "MLDisc2" variable was selected. 
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Table 5.15 Probabilities, percentages of children and risk ratios (RR) to Identify the cartes group at five years of age with the combined variables; 
baseline group. (Prob. = probability. % of children In parentheses) 

Mnenomlc name and description 
combined variable 

Score η Prob to belong to the future 
caries group and % of children 

Scale 
0 1 2 

RR (extreme 
scores) 

МШЬс2 
MS In ptaque and/or saliva 2 103 

Lactobacilli present 
Enamel dlscolouratlons present 
Potconl 
Lactobacilli not present 
Sugar Intakes s 5 
Poscon2 
No MS In plaque and/or saliva 
Lactobacilli not present 
Sugar Intakes s 5 
Gingivitis < 0.75 
Negconl 
MS In plaque or saliva г IO4 

Sugar Intakes 2 6 
Fluoride Intake < 0.25 mg 
N«gcon2 
MS In plaque or saliva 2 104 

Sugar Intakes 2 6 
Gingivitis > 0.75 
Fluoride Intake < 0.25 mg 
Sugmut 
MS In plaque and saliva <, IO4 

Sugar Intakes £ 5 " 
S ug brush 
Brushing frequency 2 2 
Sugar Intakes 5 5 " 
Sughyg 
Gingivitis and plaque score < 0,75 
Sugar Intakes £ 5 ** 

0 = 0 condition present 
1 = 1 condition present 
2 = 2 or 3 cond. present 

0 = not all cond. present 
1 • all cond. present 

0 = not all cond. present 
1 « all cond. present 

0 » not all cond. present 
1 = all cond. present 

0 = not H cond. present 
1 = all cond. present 

0 = all cond. present 
1 = not all cond. present 

0 = all cond. present 
1 = not all cond. present 

0 = all cond. present 
1 m not all cond. present 

193 

187 

187 

188 

188 

190 

196 

183 

.25 (62) 

.31 (86) 

.34 (94) 

.52 (29) 

.42 (63) .25 (37) 

.38 (78) .27 (22) 

.69(14) 

.72 ( 6) 

.25 (56) .51 (44) 

,30 (34) .40 (66) 

.34 (40) .38 (60) 

.76(9) З.Т 

1.7· 

1.4 

2.2* 

2.1· 

2.1' 

1.3 

1.1 

* statistically significant at ρ < 0.05 
" baseline group: dietary diary 
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Table 5.16 Probabilities, percentages of children and risk ratios (RR) to Identify the carles group at five years of age for the new combinations of 

variables; 3.5 yr group(unfavourable scores).(Prob. = probability, % of children In parentheses) 

Mnenomlc name and description 
combined variable 

Score η Prob, to belong to the future 
carles group and % of children 

Scale 
0 1 2 

RR (extreme 
scores) 

MLDISC2 
MS In plaque and/or saliva 2 103 

Lactobacilli present 
Enamel dlscotouratlons present 
Pose on 1 
No MS In plaque and/or saliva 
Lactobacilli not present 
Sugar Intakes <, 5 
Noyconl 
MS In plaque or saliva г IO4 

Sugar Intakes 2 6 
Fluoride Intake < 0.25 mg 
N«gcon2 
MS In plaque or salva 2 ΊΟ4 

Sugar Intakes г 6 
Fluoride Intake < 0.25 mg 
Gingivitis > 0.75 
Sugmut 
MS In plaque and saliva ζ IO4 

sugar Intakes s 5 " 
Sugbiush 
Brushing frequency г 2 
Sugar Intakes s 5 " 
Sughyg 
Gingivitis and plaque score < 0.75 
Sugar Intakes ί 5 " 

0 = 0 condition present 
1 » 1 condition present 
2 = 2 or 3 cond. present 

0 = not all cond. present 
1 s aU cond. present 

0 = not all cond. present 
1 = all cond. present 

0 = not all cond. present 
1 = all cond. present 

0 = all cond. present 
1 • not all cond. present 

0 = all cond.present 
1 = not all cond. present 

0 = a l cond. present 
1 ш not all cond. present 

178 

176 

178 

178 

176 

178 

178 

.08 (39) .37 (36) 

.36(81) .15(19) 

.20 (63) .52 (37) 

.29 (93) .69 ( 7) 

.23 (35) .37 (65) 

.27(17) .33(83) 

.20(17) .34(83) 

.61 (25) 7.6* 

2.4 

2.6· 

2.4' 

1.6 

1.2 

1.7 

' statistically significant at ρ < 0.05 
" 3.5yr group: 24-hr. recall 



In the baseline group the relative risk was 3.1 (Confidence Limits 2.0 to 4.7) for the 
"MLDisc2" variable but the group with a score 2 was less than 10%. The relative risk of the 
variable "Negconl" was 2.2 (Confidence Limits 1.6 to 3.2) and significant (p < 0.05). 
Addition of the gingivitis score (Negcon2) resulted in a lower relative risk while the group 
with the score 1 became very small. The relative risk of the variable "Posconl" was 
moderate (confidence limits 1.1 to 2.8) yet significant. After addition of the gingivitis score 
to this variable (Poscon2). the relative risk decreased and was not significant anymore. 
The combination of sugar intakes with numbers of mutans streptococci revealed a 
significant relative risk while the combinations of sugar Intakes with brushing frequency or 
oral hygiene variables did not result in a relative risk, significant at ρ < 0.05 level. 

As shown in table 5.16, in the 3.5 yr group(unfavourable scores) the relative risk for the 
variable ''MLDIsc2" Increased to 7.6 while also the number of children with the highest 
score became larger in comparison with the baseline group. The increase of the RR of the 
3.5 years group was largely the result of the low probability to develop dentinal caries 
when none of the conditions described In the variable had been present. The relative risk 
of the variable combining a number of positive conditions (Posconl) was higher than in 
the baseline group but was not significant anymore (Confidence Limits 0.9 to 6.1). In the 
3.5 yr group, the various combinations of negative conditions (Negconl and Negcon2) 
demonstrated a higher relative risk, combined with more adequate groups, than In the 
baseline group. The combinations of the sugar intakes with the numbers of mutans 
streptococci (Sugmut), brushing frequency (Sugbrush) or oral hygiene variables (Sughyg) 
had low but not significant relative risks. 

A comparison of both age groups showed that In both groups the highest relative risks 
were found for the variable combining numbers of mutans streptococci and the 
presence or absence of lactobacilli and dark discolouratlons of the enamel (MLDisc2). 
Especially In the 3.5 yr group the relative risk was high and this probably had been the 
result of dark enamel discolouratlons that were present more frequently in this group. The 
combined variables representing a number of negative conditions demonstrated higher 
relative risks In both groups than the variables combining positive conditions. The 
combinations of dietary variables with plaque and gingivitis or the frequency of 
toothbrushlng never resulted in relative risks which were statistically significant. Though the 
highest relative risks were found for the "MLDIsc2" variable, the other combined variables 
did not result in higher relative risks in comparison to their single components. 

5.3.2 Multivariate analyses 

As described In chapter 2, multivariate analyses (discriminant analyses) were performed in 
order to estimate the simultaneous effects of several risk indicators. The analyses were 
applied to variables measured at baseline (analyses 1-6 in table 5.17) or at the age of 3.5 
year In the 3.5 yr group(unfavourable scores) (analyses 7-12 in table 5.17) and the 3.5 yr 
group(average scores)(analyses 13-17 in table 5.17). Complete sets of variables as well as 
reduced sets were used. In case several scales were available for one variable, the scale 
with the highest relative risk and the best group size was selected. Direct method as well 
as stepwise analyses were applied on several sets of variables as shown in table 5.17: 

91 



¡S 

Table 5.17 Discriminant analyste (direct method and the stepwise technique) performed at baseline and 3.5 years (correlation with the discriminant function 
or step to enter the analyses) to predict the carles group at five years of age. 

Situation 
Number of children 
Cartes prevalence (%) 

Analysis 
Indépendant variable 
Sugarl 
Sugar(24)l 
Plaql 
Glngl 
Brushing 1 
Dlscolourl 
Fluori 
Lactopres 
Mutpres 
MutsaW 
Mutplaq4 
Muttot4 
Educmoth 
DMFTpar 
MLDISC2 
Negconl 
Quality of the discrimination 
% correctly classified 
sensitivity 
specificity 
pos. prognostic value 
neg. prognostic value 
canonical correlation 

Baseline group 
176-193 

36.2 

1 

.44 

.24 

.22 
-.08 
.39 

-.31 
.29 

.45 

.62 

-.45 
. 
, 

2 3 4 

.45 .52 

.21 .31 

.21 .33 
-.10 
.37 .48 

-.29 -.39 
.26 .39 

.46 

.62 
.79 

-.45 
.24 

. .77 

5 

.75 

-.18 

-.56 

6 

2 

3 

1 

75.1 
.48 
.91 
.74 
.75 
.52 

75.6 73.8 71.1 
.48 .45 .43 
.91 .90 .88 
.76 .71 .67 
.76 .74 .72 
.52 .44 .43 

66.8 
.29 
.89 
.59 
.69 
.31 

74.3 
.46 
.90 
.72 
.75 
.44 

3.5 years group 
166-178 

31.9 
Unfavourable scores 

7 

.10 

.17 

.32 
-.19 
.60 

-.44 
.37 

.54 

.39 
, 

-.27 

8 9 

. 
.19 

.20 

.36 
-.49 

.68 
-.93 

.42 

.62 

.45 
, 

10 

.08 

.20 

.30 

.59 
-.46 
.34 

.50 

.37 

-.28 
.10 

11 

-.45 

.86 

12 

-
-
-
-
. 
2 
-
-
. 
-
. 
-

І -
80.5 

.58 

.91 

.74 

.82 

.52 

75.9 69.7 
.45 .25 
.90 .91 
.68 .56 
.78 .72 
.47 .27 

80.1 
.57 
.91 
.75 
.82 
.53 

76.4 
.58 
.85 
.65 
.81 
.50 

77Ό 
.42 
.93 
.75 
.77 
.52 

Average scores 

13 

.20 

.24 

.35 
-.23 
.44 

-.44 
.32 

.37 

.32 

-.26 
.09 

14 

.21 
.25 
.37 

-.18 
.57 

-.42 
.35 

.40 

.34 

-.26 
, 

15 

.40 

-.42 

.77 

16 

-.47 

.87 

17 

-
. 

2 
-
. 

3 
-
. 
. 
-
. 
-

1 

-

79.5 
.57 
.90 
.73 
.82 
.55 

79.9 
.58 
.90 
.73 
.82 
.54 

79.2 
.56 
.90 
.73 
.81 
.52 

78.0 
.47 
.93 
.75 
.79 
.47 

79.2 
.56 
.90 
.73 
.81 
.53 

The discriminant functions 1 to5.7to 11 and 13to 16 are according to the direct method, and 6.12.and 17 according to the stepwise technique. 
. = variable not used In the analysis 
- = variable used In the analysis but not significant (p < 0.01) to enter 
numeric value = correlation between the discriminating variable and the canonical discriminant functions 



The results In table 5.17 enabled comparison of analyses with different sets of variables 
and age groups. In general it can be concluded that as expected the variables fluoride 
Ingestion, brushing frequency and level of education of the mother correlated negatively 
with the discriminant function. The canonical correlation never exceeded .55 and 
therefore the variance of the development of caries, explained by the variables used In 
the discriminant analyses, never exceeded 30%. 

In the 3.5 yr groups for the same set of variables higher values were found In the analyses 
for the percentages of correctly classified cases, sensitivity and the negative prognostic 
values than in the baseline group. In the 3.5 yr group the differences between the 
analyses using the average or most unfavourable scores of the preceding examinations 
appeared to be almost neglectable. In the stepwise analyses (12 and 17) the differences 
between the unfavourable and average scores had a more distinct effect. Using the 
unfavourable scores, the variable gingivitis was not significant (p < 0.01) anymore and was 
therefore excluded from the analysis. However, the highest values were obtained with the 
analyses applying the average scores. 

In the baseline population (analyses 4 and 5) and the 3.5 year-old population (analyses 8 
and 9) discriminant analyses were performed on sets of variables collected by Intraoral 
examination or variables only collected by Interviewing the parent. A predictive test 
based on an Intra-oral examination resulted in higher values for the positive and negative 
predictive values, and in particular the sensitivity, in both age groups. The canonical 
correlations of the set of variables which were only collected by Interviewing, were the 
lowest of all the analyses performed. 

In each age group the highest values were found In the analyses Incorporating all the 
variables. The specificity showed the least variation (range 85 - 93) and the sensitivity the 
highest variation (range 29 - 58) In tests using complete or reduced sets of variables. 

In all the stepwise analyses (analyses 6, 12 and 17) the variable combining numbers of 
mutans streptococci and the presence or absence of lactobacilli and dark 
dlscolourations of the enamel (MLDisc2) and the variable reflecting the total fluoride 
intake (Fluori) played an important role. In the 3.5 yr group(average scores) also the 
gingivitis variable (Gingl) was significant to enter. All the other variables were not 
significant to enter the analyses (p < 0.01) but appeared to Improve the results as can be 
seen in the direct analyses (1,2,7,10,13 and 14) incorporating a large set of variables. 

In the baseline group the differences between the direct technique (analyses 1 and 2) 
and the stepwise technique (analysis 15) were very small. Only the canonical correlation 
was substantially higher for the direct technique. 

The results of the stepwise analysis in the 3.5 yr group (average scores) (analysis 17) were 
also almost identical to the results obtained with the direct techniques (analyses 13 and 
14). In the 3.5 yr group(unfavourable scores) only the variables mMLDisc2" and "Fluori" 
were significant to enter the stepwise analysis (analysis 12). Looking at the direct 
technique In this age group (analysis 7) the addition of the non significant variables still 
improved the percentage for correctly classified cases and In particular the sensitivity of 
the test. 
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5.3.3 Changing the cutoff point of the discriminant score 

The sensitivity was low In all the analyses and never exceeded .58 (table 5.17). As a 
consequence, together with the low caries prevalence, the number of true positive 
subjects was also limited. Contrarily the high specificity and low carles prevalence 
resulted In a larger group of true negatives. By artificially changing the discriminant score 
the specificity may Increase and the group of true negatives will enlarge. At the same 
time the sensitivity and the numbers of true positive subjects will decrease. In order to 
study the effect of a change in the cutoff point of the discriminant score on the quality of 
the discrimination, a direct discriminant analysis was performed In the baseline group. This 
analysis Included the variables MLDIsc2, Sugar!, Muttot4, Mutpres, Discolourl, Educmoth, 
Lactopres, Plaql, Gingl, and frequency of tooth brushing. The critical value of the 
discrlmlnantscore (cutoff point) was 0.70. 

The effect of a change In the discriminant score on the positive- and negative prognostic 
value and the numbers of subjects correctly predicted are presented In figure 5.1 and 5.2. 
Figure 5.1 shows that changing the cutoff point of the discriminant score from 0.7 to the 
left resulted in an Increase of the negative prognostic value and a decreasing positive 
prognostic value. Selection of a higher discriminant score resulted In a lower negative 
predictive value and a fluctuating positive prognostic value. Figure 5.2 demonstrates that 
a change to the left was followed by an Increase In the percentage of true positives, 
never exceeding 30%. At the same time the percentage of true negatives decreased, 
Higher discriminant scores resulted in lower percentages of true positive subjects while the 
percentages of true negatives were hardly Influenced. It can be concluded that the 
positive effects of changing the discriminant score, as performed in the analyses In order 
to Increase the specificity, were limited. 

Figure 5.1 The effect of a change In the discriminant score on the positive and 
negative predictive values. 

0,9 l,l 1,3 
Discriminant score 

Pos. pred. value Neg. pred. value 
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Figure 5.2 The effect of α change in the discriminant score on percentages of children 

which are true negative and true positive children. 
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5.4 Discussion and conclusions 

As stated in paragraph 5.1 It Is difficult to compare the present findings with the results of 
previous predictive studies as presented In table 5.1 to 5.4. However, some conclusions 
can be drawn. Children in whom the mutans streptococci are detected soon after the 
eruption of teeth and children with a higher level of infection have on average a 
significantly higher Incidence of caries than children with a later establishment of these 
microorganisms or with lower Infection levels (Alaluusua and Renkonen, 1983; Köhler et al., 
1988). In the present study the number of mutans streptococci appeared to be more 
Important than their presence. In the univariate analyses the variable reflecting the 
presence of mutans streptococci In plaque and/or saliva showed lower relative risks than 
the variables reflecting the number of mutans streptococci In plaque or saliva. The 
number of mutans streptococci made part of the combined variable MLDisc2 (for 
description see table 5.7) which was the most Important variable In all the stepwise 
analyses. Therefore, neither the presence of mutans streptococci in plaque or saliva nor 
the number of mutans streptococci in plaque or saliva were significant to enter the 
stepwise analyses. 

A high lactobacillus count Is associated with a high carles Incidence, and this correlation 
seems stronger in teenagers than In young children (table 5.2). In the univariate analyses 
the variable "numbers of lactobacilll In saliva" had to be converted Into the variable 
"presence of lactobacilli In saliva' as otherwise the groups were too small to allow 
statistical analysis. In both the baseline and the 3.5 yr group (most unfavourable scores) 
the relative risks were significant. The variable "presence of lactobacilli in saliva" was one 
of the components of variable MLDisc2 which was most valuable In all the stepwise 
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analyses Therefore, the variable reflecting the presence of lactobacilli In saliva 
(Lactopres) was not significant to enter the stepwise analyses 

According to the studies presented In table 5 3 and 5 5 the individual canes risk was better 
predicted when the presence and numbers of mutans streptococci and lactobacilli was 
combined, than with either of these microorganisms alone The same conclusion could be 
drawn In this study In the univariate analyses the highest relative risks were observed for 
the variable MLDIsc2 In the baseline group as well as the 3 5 yr group(unfavourable 
scores) In all the discriminant analyses incorporating the variable MLDisc2 the highest 
discriminant function was found for this variable 

In the univariate analyses the bacteriological data demonstrated the highest relative risks 
together with the variables education of the mother and sugar Intake (according to the 
dietary diary) in the baseline group and the fluoride variables in the 3 5 yr 
group(unfavourable scores) 

Ideally the results found should be compared to studies performed In Identical age 
groups However, the numbers of longitudinal studies on caries prediction are limited, 
especially In the group of preschool children Poulsen and Holm (table 5 4) performed a 
study over a period of 3 years on this age group and studied the relation between dental 
caries In the deciduous- and permanent dentition of the same individual In this study 
sensitivity, specificity and predictive values were calculated which were In general lower 
than demonstrated with the variables in the analyses which are presented here The only 
studies performed in comparable age groups are cross-sectional studies (table 5 4) 
However, a cross-sectional design does not allow studying cause-effect relationships 
Schroder and Granath (1983) found that different combinations of oral hygiene and 
dietary habits were present in children with a different caries experience The prevalence 
of predicted high risk was not described but the values of the sensitivity and specificity 
were high In the present study a combined variable was constructed representing the 
level of oral hygiene and the number of sugar-containing food intakes With this variable 
mSughyg" no significant relative risk was found This may have been the result of 
differences in the validating criterion or the fact that the present study used this variable in 
a prognostic predictive test instead of a diagnostic test Another cross-sectional study was 
done by Schroder and Edwardsson (1987) who combined dietary habits, gingival status 
and the presence of lactobacilli or mutans streptococci with the carles experience at the 
age of three The prevalence of predicted high risk was 33% which means that the caries 
prevalence at the age of three years was much higher than In the present study A two-
step prediction with gingival status as the first predictor and presence/absence of 
lactobacilli or mutans streptococci as the second, showed the best prediction when 
presence of lactobacilli was Involved High values were found for the sensitivity, specificity 
and positive and negative predictive value In their study the caries was visually 
diagnosed at the same visit on which the data were collected However, It is 
questionable whether such good results can also be obtained In a prognostic predictive 
study 

A combination of several predictors (table 5 4) might increase the possibility to identify 
Individuals with a high caries risk (Krasse, 1988) When the high risk group consisted of 20 to 
40% of the population, in general the sensitivity was low Only when the high risk group 
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was more than 50% of the population did the values of sensitivity and specificity Increase. 
The same was observed In this study. With carles present In one third of the children (at the 
age of 5 years) the sensitivity never exceeded .58 while the specificity remained high (.85 
to .93). Krasse (1988) stressed the importance of adjusting the level of the screening 
criteria to the prevalence of the disease in the population. A low sensitivity and a high 
specificity should indicate that the screening level was not optimal. However, in this study 
the levels for the variables applied In the discriminant analyses were chosen which 
combined a strong relative risk with an adequate size of the groups in the univariate 
analyses. In most of the analyses the differences between positive and negative 
predictive values were small, with the highest scores for the negative predictive values. In 
the present study the prevalence of predicted high risk was low although the combined 
scores of the sensitivity, specificity and predictive or prognostic values were somewhat 
higher In comparison to most of the studies described in table 5.4. While the sensitivity and 
specificity provide Information about the validity of the test, the predictive or prognostic 
values are more interesting for the dental practitioner in the light of identifying individuals 
who are considered to be at high risk. The prognostic values are influenced by the 
sensitivity and specificity of the test and the prevalence of the disease. In the baseline 
group the best analyses combined a large set of variables, showing prognostic values of 
about 75%. In the 3.5 years groups the percentages of positive prognostic values were 
around 75% while negative prognostic values up to 82% were found. The benefit of such a 
test would be limited in general dental practice. For example analysis 17 showed the best 
results with 80.5% correctly classified cases, a sensitivity of .58, a specificity of .91, a positive 
prognostic value of .74 and a negative prognostic value of .82. Almost 32% of the 174 
children had dentinal caries. Based on this test, a group of 32 children (18% of the whole 
group) was correctly classified as being at high risk. A smaller group of 23 children (13% of 
the whole group) were not identified as belonging to the future caries group, while 11 
children (6% of the whole group) were abusively classified to be at high risk. 

In spite of the fact that the multifactorial origin of dental caries was taken Into account in 
the study. It must be concluded that even with a large set of dental risk indicators 
measured at various moments, the results were disappointing. Several factors probably 
will have contributed to these results. One might question the validity of the variables but 
In the previous chapters no unexpected results could be found. From the univariate 
analyses it appeared that several variables had a distinct effect on the future 
development of dental caries. Due to the longitudinal design of the study, the factor of 
exposure time, was taken into account. However, every measurement is an instantaneous 
exposure and on an individual level conditions may rapidly change In the mouth thereby 
canceling this effect. As caries is a multifactorial disease, no single factor will be 
responsible for the onset of the disease. While some conditions become more 
unfavourable simultaneously others may improve and possibly compensate a negative 
effect. 
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6 Indicators for the need of radiographs in caries 
diagnosis 

6.1 Introduction 

As concluded in chapter 2, In 5-year-old children radiographs constituted an Important 
tool In dlental caries diagnosis, especially In approxlmal tooth surfaces. However, in 
epidemiological studies of low caries prevalence populations radiographs add on 
average little Information to the clinical diagnosis (Foreest et al., 1983; Rulken et al., 1982, 
1986a, 1986b). After addition of the Information of the radiographs, the average dcmfs-
score per child at the age of five In the present population with low caries prevalence, 
Increased from 1.00 to 1.68, which was still low. 

Though the additional value of radiographs may be limited in epidemiological studies, the 
Information collected from radiographs will gain Importance on an Individual level. In 
general dental practice, radiographs are an important diagnosing tool for the dentist and 
should not be postponed until carious lesions are visible at clinical inspection. Early 
diagnosis of dentinal carles with the help of radiographs will very likely reduce the need 
for extensive and complicated restorative treatment. After detection of incipient enamel 
lesions preventive dental treatments can be started. From that moment an improvement 
of the patient's and parent's dental behaviour should be stimulated to prevent further 
progression of the lesions. When no radiographs are available, the carious lesions will be 
detected at a later stage and an Immediate restorative dental treatment usually cannot 
be avoided. Therefore, from a dental point of view, making radiographs at the age of five 
seems justified. On the other hand, if the probability of finding caries lesions is low, 
unnecessary exposure of a child to X -rays should be avoided. The dentist should weigh 
the benefits of radiographs against radiation hazard. As an additional aim of the study, 
the data collected were analyzed to assess if It can be predicted in which children 
radiographs would disclose dentinal lesions that which otherwise might be missed. The 
probability that radiographs will provide additional Information was tested for single and 
combined variables In univariate and multivariate analyses. Radiographs were made In 
case that the approxlmal surfaces of the deciduous molars could not be inspected 
visually. In the group of 182 children, as described in chapter 2, at age five, 45 dentinal 
lesions were visually detected and 123 dentinal lesions were mistakenly classified as 
sound. On average 0.68 dentinal lesions per child were missed. When In the same group 
all the detectable lesions were counted (enamel and dentinal lesions), 52 lesions were 
visually detected, but 251 surfaces (123 dentinal lesions, 40 enamel lesions reaching the 
dentino-enamel junction and 88 enamel lesions) were not diagnosed correctly. 

Of all the occlusal and approxlmal tooth surfaces that were examined visually and by 
radiographs, 92% were completely caries free. The percentage of dentinal lesions not 
detected by clinical examination was higher in the approxlmal tooth surfaces compared 
to the occlusal tooth surfaces (table 6.1). 
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Table 6.1 Percentage of dentinal lesions (lesions progressing to the dentino-enamel 
Junction excluded) not detected by clinical examination, separately for 
canines and molars. 

Teeth/Surfaces 

Canlnes/Approximal 

Molars/Approximal 

Molars/Occlusal 

Total (Occlusal and approxlmal) 

% dentinal lesions 

Θ2 

83 

51 

74 

The visual examination did not detect 24 occlusal dentinal lesions and 99 approxlmal 
dentinal lesions. 

6.2 Study population 

For the analyses the children were divided In a "no additional Information" group (those 
children where radiographs did not provide additional Information) and an "additional 
information" group (children where radiographs showed dentinal lesions, not diagnosed 
by clinical examination). Both groups partially consisted of children with carles present on 
visual examination. The additional Information group can almost be regarded as the 
group of children who developed approximal carious lesions, as most of the carious 
lesions detected from the radiographs were approxlmal lesions. The composition of the 
groups Is shown in table 6.2. 

Table 6.2 Number of dentinal lesions per child which were detected only by radio
graphs. 

Number of dentinal lesions Number of children 
η % 

0 
1 
2 
3 
4 
>5 
Total 

The size of the groups In these analyses was influenced by the diagnostic threshold. When 
the lesions reaching the dentino-enamel Junction would have been counted as dentinal 
lesions, another 14 children would have been placed in the additional information group. 
Inclusion of the children with only enamel lesions on the approxlmal surfaces of the 
deciduous molars detected by the radiographs would have further extended the 
additional information group. However, In the present study only children with cavities 
progressing into dentin (which were not diagnosed visually) were regarded as belonging 
to the additional Information group. Because the presence of dentinal lesions was 
thought to be more Important than their numbers, the group was divided Into 132 children 

100 

132 

2 

10 

9 

4 

5 
1Й 

73 
12 

5 
5 
2 

3 
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In which radiographs did not provide additional information and 50 children where the 
radiographs did (additional Information group). 

6.3 Data analysis 

As described In chapter 5, univariate and multivariate analyses were performed. These 
analyses were used to assess the influence of single risk indicators, as well as several risk 
Indicators, for the need of radiographs. 

6.3.1 Univariate data analyses 

Only data collected at the age of five years were used In the analyses, For each factor 
(bacteriology, diet and oral hygiene) a scale was chosen which had the best 
discriminating power between the two groups and a substantial amount of children for 
each score (at least 10% of the children). For each score, the probability that the 
radiographs would provide additional information was calculated as well as the 
percentage of children with that score. In most cases the variables and scales were the 
same as described in chapter 5 (table 5.5 to 5.7). However, as the children were 5-years 
old, for some variables other scales with adequate groups could be selected. For 
example, in this age group the absence or presence of dark enamel discolourations 
could be replaced by the numbers of discolourations. As the children did not need to be 
carles free when entering the analyses, two new variables reflecting presence of caries 
(dmfs) were Introduced (table 6.3). 

Table 6.3 Additional variables used to Identify the need for radiographs at the age of 
5 years. 

Variable 

All food Intakes (24 hr) 
(number/day) 
Sugar-cont. food Intakes (24 hr) 
(number/day) 
Tooth brushing 

(frequency/day) 
Initial enamel lesions 
(numbers visually detected) 
Clinical caries score 

(number of enamel and 
dentinal lesions) 
Clinical caries score 

(number of dentinal lesions) 

Mnenomic 
name 

Food(24)4 

Sugar(24)4 

Brushing3 

Discolour2 

dbmfs 

dcmfs 

0 

3,4 or 5 

2,3 or 4 

Si 

0 

0 

0 

Scale 
1 

6 

5 

2 

l o r 2 

l o r 2 

l o r 2 

2 

7 or more 

6 or more 

3 

3 or more 

3 or more 

3 or more 

The relation between each score and the probability that the radiographs will provide 
additional Information is presented in table 6.4 for the bacteriological data and in table 
6.5 and 6.6 for the other data. The variable "presence of lactobacilll In saliva* showed the 
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highest relative risk (3.7) followed by the number of mutans streptococci In saliva. The 
variable 'presence of mutans streptococci" and the variable "number of mutans strepto
cocci In plaque" appeared to be not statistically significant. 

Table 6.4 Probabilities, percentages of children and risk ratlos (RR) to Identify the 
additional Information group by the bacteriological data at the age of 5 
years. (Prob. = probability, % of children in parentheses) 

Variable 
(mnenomic 
name) 

MS in saliva 
MutsaH 
MS in plaque 
Mutplaq4 

η 

171 

172 
MS In plaque and/or 
saliva 
Mutpres. 
Lactobacilli in 
Lactopres 

172 
saliva 

175 

Prob, to belong to the future carles 
group and % of children 

0 

.20 (50) 

.23 (70) 

.19(44) 

.17(79) 

Scale 
1 

.25 (34) 

.39 (18) 

.33 (56) 

.62 (21) 

2 

.44 (16) 

.30 (12) 

RR (between 
extreme scores) 

2.2* 

1.3 

1.7 

3.7' 

* statistically significant at ρ < 0.05 

In table 6.5 only the fluoride variable demonstrated a statistically significant (p < 0.05) 
relative risk. However, the group using no fluoride at all was very small. By combining 
fluoride score 0 and 1 the relative risk decreased to 1.3 and was no longer statistically 
significant. 

Table 6.5 Probabilities, percentages of children and risk ratios (RR) to Identify the 
additional information group by the dietary-, brushing- and fluoride data 
measured in 180 children at the age of 5 years. (Prob. = probability, % of 
children In parentheses) 

Variable 
(mnenomic 
name) 

Diet 
Sugar(24)4 
Food(24)4 
Brushing frequency 
BrushingS 
Fluoride Ingestion 
Fluori 

Prob, to belong to the future caries 
group and % of children 

Scale 
0 1 

.25 (42) .22 (33) 

.24 (23) .26 (46) 

.29 (32) .28 (53) 

. 5 5 ( 5 ) .22(10) 

2 

.39 (25) 

.32 (31) 

.22(15) 

.26 (85) 

RR (between 
extreme scores) 

1.6 
1.4 

1.1 

2.1* 
* statistically significant at ρ < 0.05 
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At the age of five years the number of children with yellow/brown enamel discolouratlons 
had Increased and therefore not only their presence but also the numbers of 
discolouratlons could be scored The variables representing the presence of carles or 
restorations showed high relative risks (4 0 to 5 8) It Is Interesting to note that the presence 
of yellow/brown discolouratlons of the enamel alone had a higher relative risk than the 
variables representing the presence of enamel or dentinal lesions or restorations (dmfs-
scores) The plaque and gingivitis score showed low relative risks which appeared to be 
not significant at ρ < 0 05 

Table 6 6 Probabilities, percentages of children and risk ratios (RR) to Identify the 
additional information group by the variables enamel discolouratlons, dmfs-
scores, and plaque and gingivitis measured In 182 children at the age of 5 
years (Prob = probability, % of children In parentheses) 

Variables Prob to belong to the additional RR (between 
and mnenomlc information group and % of children extreme scores) 
names Scale 

0 1 2 

Caries score 
Discolour2 09 (50) 
dbmfs 15(71) 
dcmfs 18(75) 
Oral hygiene 
Plaq3 17(32) 
Ging3 20 (25) 
* statistically significant at ρ < 0 05 

Combinations of several variables were also tested on their power to discriminate the 
group of children In whom the radiographs provided additional information The results 
are presented in table 6 7 In the five-year-old children the combined variable "MLDiscS" 
was slightly adjusted by raising the level of mutans streptococci in plaque and/or saliva 
(numbers of mutans streptococci slO4 Instead of >103) The relative risk to develop 
clinically undetected approximal dentinal lesions was more than 9 times higher when two 
unfavourable conditions were present at the same time, and more than 15 times higher 
when three unfavourable conditions were simultaneously present In the absence of 
lactobacllll, high levels of mutans streptococci and dark enamel discolouratlons, the risk 
to detect additional dentinal lesions on the radiographs was very low 

The variable combining a number of positive conditions (Poscon) showed a high reative 
risk while a combination of a number of negative conditions (Negcon) resulted in groups 
which were too small to allow statistical analysis The relative risk of the variable combining 
the sugar Intake with the plaque and gingivitis score was moderate (2 0) but statistically 
significant at ρ < 0 05 The variable combining the numbers of mutans streptococci In 
plaque and/or saliva and the numbers of sugar-containing food Intakes (Sugmut) showed 
a lower, but borderline significant (p < 0 05) relative risk 

42 (27) 51 (23) 5 8* 
48(15) 72(14) 4 9* 
45(12) 70(13) 4 0* 

31 (38) 33 (28) 1 9 
27 (52) 37 (23) 1 9 
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ТаЫ 6 7 Probabilities, percentages of children and risk ratio s (RR) to Identify the additional Information group for the combined variables 
group meosued at the age of 5 years (Prob = probability. "*> of children In parentheses) 

Mnenomlc name and description 
combined variable 

Score η Prob to belong to the additional 
Information group and % of children 

Scale 
0 1 2 3 

RR (extreme 
scores) 

MlDlsc3 
MS In plaque and / or saliva 2 104 

Lactobacilli present 
Dark dbcotourallons present 

Posconl 
No MS In plaque and / or saliva 
Lactobacilli not present 
Sugar Intakes £ 5 
Sugmul 
MS In plaque and saliva s IO4 

Sugar Intakes £ 5 
Sugbrush 
Brushing frequency 2 2 
Sugar Intakes < 5 
Sughyg 
Sugar Intakes £ 5 

0»0cond present 
1 = 1 cond present 
2 = 2cond present 
3 = 3cond present 

0 = not all cond present 
1 = all cond present 

0-al l cond present 
1 » not all cond present 

0 » all cond present 
1 » not all cond present 

0 = all cond present 
1 = not all cond present 

171 

176 

175 

180 

1Θ2 

05(36) 

36(66) 

21 (62) 

23(50) 

18(48) 

20(30) 

12(34) 

38(38) 

31(50) 

36(52) 

48(25) 75(9) 15 0' 

3 Γ 

18· 

1 3 

20* 

• statistically significant at ρ < 0 05 

Sugar Intakes according to the 24-hr recai 



6.3.2 Discriminant analysis 

Multivariate analyses (discriminant analyses) (see chapter 2) were performed to estimate 
the simultaneous effects of several risk indicators on the Identification of the additional 
information group.The direct method and the stepwise technique of the discriminant 
analysis were applied to detect the risk group. Reduced groups of children (selected after 
clinical examination) were also subjected to the analyses in an attempt to improve the 
feasibility of the tests. Based on the visual examination, the children with a clinical dbmfs 
score of 0 (n= 121) were separated from the group with a clinical dbmfs score > 0 (n= 49) 
and both groups were subjected to a stepwise discriminant analysis. 

The results of the discriminant analyses are shown in table 6.8. In the group of 121 children 
with a dbmfs score= 0 none of the variables was significant to enter the discriminant 
analysis and therefore no results could be obtained. 

Table 6.8 Discriminant analysis for the prediction of dentinal lesions diagnosed by 
radiographs only (correlation with the discriminant function or step to enter 
the analyses). 

Number of children 
Additional information group 
Independant variable: 

Sugarint(24)l 

Food(24)l 

Plaql 

Glngl 

Brushing3 

Dlscolour2 

dbmfs 

Fluori 

Lactopres 

MutsaW 

Mutplaq4 

Mutpres 

Sugmut 

Sughyg 

Sugbrush 

Posconl 

MLDisc3 

Quality of the discrimination 

% correctly classified 

Sensitivity 

Specificity 

Pos. predictive value 

Neg, predictive value 

Canonical correlation 

Total group 
16? 1>1 
25% 26% 

.13 

.26 

.19 

-.07 

.63 

.71 2 

-.12 

.61 

.19 

.08 

3 

1 

85.0 81.3 

.60 .51 

.94 .92 

.76 .70 

.87 .84 

,61 .59 

dbmfs=0 dbmfs>0 

121 4Φ 
12% 5Wt 

1 

2 

85.7 

.90 

.80 

.87 

.84 

.67 
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In the total group the direct method as well as the stepwise technique demonstrated a 
high specificity but a relatively low sensitivity. 

In the "dbmfs = 0 group" radiographs would have lead to the detection of dentinal lesions 
In only 12% of these children. In the group with a positive dbmfs score, a test combining 
the presence of lactobacilll and dark enamel discolouratlons of the tooth surfaces would 
result In 3 children with a false negative diagnosis. Of all the children needing radiographs, 
11% would be missed while this would be 13% with a more complex test In the undivided 
group. On the other hand the total number of false positive children (radiograph 
detecting no dentinal lesions) was 2% in the split group and 6% in the total group. It can 
be concluded that making radiographs to detect carious lesions progressing Into the 
dentin was almost five times as effective when clinically diagnosed enamel or dentinal 
lesions were present compared to the absence of these conditions. 

The clinical dmfs status alone was also tested as an Indicator for the need of 
radlographs.The group of 182 children in whom radiographs were made and a clinical 
examination was performed, consisted of 130 children with a dbmfs score of 0 and 84 
children with a damfs score of 0. For 10% of the children with a damfs score of 0 
(according to the clinical examination), evidence of dentinal caries was obtained with 
the radiograph. Children who had a clinical cfemfs score of 0, but showed yellow/brown 
enamel discolouratlons had in 24% of the cases dentinal carles according to the 
radiographs; 36% of these children had 2 or more lesions. According to the X^test, the 
chance to detect dentinal caries with the radiograph, significantly increased (p = 0.05) 
when yellow/brown enamel discolouratlons were present. Therefore, In comparison to a 
completely caries free dentition according to the clinical diagnosis, the presence of only 
dark discolouratlons Increased the chance to detect approximal dentinal lesions on the 
radiographs with a factor 2.5. In the group of children with a dbmfs score > 0, additional 
dentinal lesions were found In 59% of the children. This percentage increased to 80% In a 
reduced group of 25 children who combined dbmfs score > 0 with the presence of 
lactobacilll In the saliva. In the absence of lactobacilll In saliva but in presence of clinically 
diagnosed loss of enamel, dentinal lesions or restorations, additional dentinal lesions were 
observed on the radiographs in only 38% of these children. 

6.4 Discussion 

Probably due to the so called "fluoride syndrome" (Creanor et al., 1990) presence of 
carles has become more difficult to diagnose. A clinical examination validated by 
radiographs demonstrated that In the period between 1974 and 1982 occlusal carles 
lesions became more difficult to diagnose (Sawle and Andlaw, 1988). In the present study 
(see chapter 2) bitewing radiographs were equally sensitive to visual examination In 
detecting occlusal carious lesions. This is not in agreement with findings by King and Shaw 
(1979) who found that the diagnosis of occlusal caries on bitewing radiographs was more 
Inaccurate compared to clinical examination. However, that study was conducted on 
permanent teeth and probably in a population with a lower fluoride administration. 
Another study on permanent premolars and molars reported a higher sensitivity but a 
lower specificity of radiographic diagnosis of occlusal carles compared with a clinical 
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examination (Verdonschot et al. 1992). Wenzel et al. (1991) found that less than 50% of the 
occlusal lesions without clinically observable cavitation were radlographically detectable. 
Therefore, it can be inferred that even a combination of clinical examination and 
radiographs will not lead to the detection of all the occlusal dentinal lesions. The "fluoride 
syndrome" will also hamper the diagnosis of approximql caries. As reviewed by 
Verdonschot et al. (1991), the sensitivity and specificity of radiographs found for 
approximal carles diagnosis showed a large variation. In the reviewed studies lesions 
reaching the dentino-enamel Junction were classified as dentinal lesions. However, a 
diagnostic cutoff between no caries observed and the detection of small enamel lesions 
will increase the chance of misclassification by the observers. In the present study, the 
diagnostic cutoff between the additional information group (dentinal caries only 
detected from the radiographs) and the non-additional information group (no additional 
dentinal carles detected from the radiographs) was chosen according to the WHO 
criteria. This means that on the radiographs the lesions were clearly visible in the dentin 
and therefore, misclassification was less likely to occur. The number of false positive scores 
will decrease on behalf of an increase of false negative scores. Moreover, a minor 
approximal overlap limited to the enamel still enabled the observers to diagnose the 
condition of the surfaces. Whenever dentinal caries was diagnosed in the study, the 
lesions were treated restoratively and the extent of the lesion was recorded. Radiographic 
diagnosis of dentinal lesions could therefore be confirmed by visual diagnosis during the 
restorative treatment. The enamel lesions diagnosed from radiographs were not treated 
restoratively and therefore confirmation by clinical observation was not possible. Variation 
In the clinical diagnostic threshold has a significant impact on the proportion of patients 
who might be considered to be caries free in the permanent dentition (Pitts and Fyffe, 
19Θ8). This also holds true for the deciduous dentition. The dmft scores showed a 
statistically significant Increase when precavitatlon lesions were included (Rimmer and 
Pitts, 1991). As found In the present study, the same was true for the radiographical 
diagnosis of dentinal caries, The decision to classify a radiographically detected lesion, 
reaching the dentino-enamel junction, as a dentinal lesion, will surely influence the size of 
the additional Information group. The present "no additional Information" group will 
probably contain some subjects with false negative diagnoses. At the same time, some of 
the 14 children who at most had teeth with carious lesions reaching the dentino-enamel 
junction, will in fact have had one or more lesions progressing into the dentin. 

For most of the variables included in the univariate analyses, the probability that 
radiographs would provide additional information varied with the score. Unfavourable 
scores of data were associated with a high probability that radiographs would reveal 
additional dentinal lesions. However, not all the variables had a statistically significant 
relative risk measured between the extreme scores. The variable "presence or absence of 
lactobacilll In saliva" was the best discriminating bacteriological variable. The high relative 
risk of presence of dark enamel discolourations in tooth fissures (RR= 5.8; Table 6.6) 
Indicated that this variable can be of substantial value in the selection of subjects in need 
for radiographic diagnosis at age the age of 5 years. In particular, the absence of dark 
enamel discolourations was associated with a low probability that radiographs would 
disclose additional dentinal lesions. Dark fissure discolourations have been shown to be 
associated with a high probability that the dentin beneath the fissure can be affected by 
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caries (König. 1966) or will become affected (Marthaler et al., 1990). Since in the present 
study most of the dentinal lesions were located at the approxlmal surfaces, dark Assure 
discolouratlons of the occlusal surfaces appeared to be predictive for the presence of 
particularly approxlmal dentinal lesions. The probability that radiographs would disclose 
additional dentinal lesions, was even higher when 3 or more enamel and/or dentinal 
lesions or restorations were clinically diagnosed. 

The variable combining the extreme scores of numbers of mutans streptococci, the 
presence of lactobacilll and dark fissure discolouration (MLDisc3; table 6.7) resulted In a 
very high relative risk (15.0). In absence of any of these conditions the probability of 
additional dentinal lesions diagnosed with the radiographs was negligible (probability = 
.05). This probability was substantial (.75) by the presence of all three conditions, 
demonstrating a synergistic effect of the included subvariables. 

The group of children In whom the radiographs provided additional Information, was 
largely composed of children with dentinal lesions of the approxlmal tooth surfaces. In a 
population of children (caries free or presence of carious lesions or restorations), a 
maximum percentage of 85% of the cases (children with some dentinal carious lesions 
detected from the radiographs) and non-cases (no additional dentinal carious lesions 
observed on the radiographs) were correctly classified using the direct method of the 
discriminant analysis. The sensitivity was relatively low while the specificity was high. The 
explained variance (square of the canonical correlation) was low (36%). However, the 
direct method required a large number of variables to be Included in the model. The 
stepwise technique reduced the number of variables, but a lower number of children was 
correctly classified; 50% of the children would then have undetected dentinal carious 
lesions. 

Subdividing the children in a group with cbmfs = 0 or dbmfs > 0 and applying a relatively 
simple predictive test resulted In a smaller percentage of mlsclasslfled children compared 
to the discriminant analyses test applied on the total group. In the dbmfs = 0 group (caries 
free, or only yellow/brown fissure discolourations) none of the variables were statistically 
significant when associated with risk group prediction. It was Impossible to discriminate 
between children with and without dentinal caries on the basis of this test. This may be the 
result of the cross-sectional approach as in the prognostic predictive discriminant analysis 
(chapter 5) such a discrimination was succesfull. The opposite was true when children with 
dbnnfs > 0 were subjected to the discriminant analysis (table 6.8; column 5). In this group of 
children a predictive test, combining the numbers of dark enamel discolourations and the 
presence of lactobacilli, performed well. High values were found for the percentages of 
correctly classified children, the sensitivity, the specificity and the predictive values. The 
explained variance (45%) was the highest value for any of the tests performed in this 
study, but it is still not substantial. Even In combination with the group in which no signs of 
caries or only dark enamel discolourations were observed (dbmfs = 0), the total numbers 
of misclassified subjects were smaller than in the other groups and analyses. By 
application of such a test In about 30% of the children, radiation hazard could be largely 
reduced while the loss of Information was minimal. Although an important indicator for the 
need of taking radiographs, saliva sampling for the detection of lactobacilll is no dally 
routine In general dental practice In the Netherlands. However, there Is a relatively simple 
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lactobacillus test on the market (Dentocult dip slide test; Crossner and Hagberg, 1977) 
which can be applied In general dental practice. This test still has the disadvantage that 
an Incubation time of one week Is needed and extra costs are Involved. The use of the 
clinical diagnosis seems to be a simpler type of advice In the decision to take radiographs 
(table 6.9). 

Table 6.9 Relation between clinical diagnosis and percentages of children with 
additional dental lesions detected with help of radiographs. 

Clinical manifestation % of children with additional dentinal 
lesions detected with radiographs 

No signs of carles 10 
(also no dark dlscolouratlons present) 
No signs of carles or only dark enamel 12 
dlscolourations present 
Only dark dlscolouratlons present 24 
Loss of enamel, dentinal lesions or 59 
restorations present 

The stronger the manifestation of dental carles was, the greater the probability that 
additional dentinal lesions would be detected with the help of radiographs. Especially at 
the age of five years, when loss of enamel, dentinal carles or restorations were observed 
by clinical examination, the use of radiographs seemed to be justified because additional 
dentinal lesions would be diagnosed In the majority of these children. 

For the dentist or the parent of the child who wants to be more certain concerning 
additional information about dentinal lesions when radiographs are made, a lactobacillus 
count might provide a solution. When clinical evidence of dental carles (loss of enamel, 
dentinal lesions or restorations) was present and lactobacilli were detected In saliva, 
radiographs revealed additional dentinal lesions in 80% of these children. 
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7 General conclusions 

While In the past carles was almost proportionally distributed over the population, the 
present prevalence of dental caries in many young child populations shows a skewed 
distribution. As a result, recent statistics reveal that the major part of the restorative dental 
treatments in young children Is performed In a relatively small group of patients. The types 
of services offered to the patients nowadays should be more diverse than In the past 
when caries was normally distributed over the population. In the group of children 
probably remaining carles free, radiographs and topical applications of fluorides should 
be restricted. On the other hand, more extensive Individual preventive care such as the 
use of fissure sealants, dietary counselling, topical application of fluorides and anti
bacterial treatments should be directed to children with a high carles risk. Ideally 
preventive treatments should be Instituted before irreversible carious lesions have 
developed in these children, The major aim of this study was to investigate if the presence 
of dentinal caries at the age of five years could be predicted in 2-and-3-year-old children. 
A reliable prediction of the future caries risk will save time and money in the group of 
children who remain carles free; In children with a high risk to develop dental caries In the 
future, special precautions can be taken. A test suitable to Identify low-risk and high-risk 
children should meet one highly importment requirement: It should be convenient to use 
In general dental practice. 

The multifactorial origin of dental carles was taken into account In the study by 
considering a large number of determinants of dental caries. However, the conclusion of 
the study had to be that a reliable caries prediction test on an Individual level Is still not 
available for preschool children. The rather dlssappointlng conclusion is in agreement with 
results of comparable predictive studies, even though in those studies smaller numbers of 
determinants of dental caries had been used. However, on a group level most of the risk 
indicators In the study showed significant (p < 0.05) correlations with the presence of 
lesions in the future at the age of five years. In dentistry risk Indicators such as the dietary 
habits, fluoride Intake, oral hygiene procedures and dmft score must be taken into 
account at every dental routine check up. For this reason the feasibility of the prognostic 
predictive test In general dental practice more than likely would be a minor problem. 
Only the collection of samples of plaque and saliva in the study can be regarded as an 
additional treatment to routine dental treatments or check ups. Depending on the 
variables used In the predictive test, not more than 60% of the children who developed 
dentinal caries by the age of five years were correctly identified before the age of 3.5 
years. At the same time, a limited number of false positive tests seemed to be acceptable 
because false positive test results and over treatment with preventive measurements does 
no harm to the patients. However, a large number of children with a false negative test 
will not receive additional preventive treatment and probably developi esions in the 
future. There Is no reason to assume that a more elaborate study design would have 
yielded better results. Extending the number of risk indicators by adding information about 
the salivary flow and buffering capacity presumably would not have influenced the results 
due to the low discriminative power of the saliva factor and the general deficiencies in 
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young children. As stated before. In healthy preschool Individuals the carles risk at the age 
of five years could not be predicted In a reliable way based on present scientific 
knowledge. Therefore, the conclusion must be that basic preventive measures such as 
dietary councelllng, plaque control and the prescription of fluorides should be maintained 
in all the children. 

In comparison to other studies performed In Identical age groups In the Netherlands 
(chapter 3) the percentages of caries free subjects (approximately 60%) hardly varied. 
However, the average dmfs score of the study population was much lower, even after 
addition of the radiographlcally diagnosed carious lesions. Looking at the sample 
characteristics, there is no indication that the study population was not representative for 
the population of Dutch children of comparable ages. Possible explanations for the low 
caries Incidence In the study population might be the high level of fluoridation and the 
repeated attention paid to dietary habits and dental hygiene behaviour. To a lesser 
extent Incidentally applied preventive treatments such as local applications of fluoride 
varnishes also might have Influenced the caries Incidence of the children. Although the 
future carles activity could not be predicted on an individual level, the majority of the risk 
Indicators were statistically significant when correlated with the future caries risk In most of 
the age groups. 

On a group level, the numbers of mutans streptococci in plaque and saliva and the 
numbers of lactobacllli In saliva found In the children hardly varied in the different age 
groups. Moreover, significant correlations with the future development of dentinal lesions 
were also found. However, on an Individual level the number of acldogenlc 
microorganisms appeared to be prone to fluctuations in the majority of the children. 
Combining the bacteriological Information, the dietary and oral hygiene data were not 
sufficient to Improve the quality of the prognostic predictive test and to justify application 
of such a test In general dental practice. However, the assessment of the number of 
mutans streptococci and lactobacllli can still be valuable as an Indication whether a 
preventive program should also pay attention to an antimicrobial treatment in carles 
active subjects. 

In the Scandinavian countries much effort Is made to suppress the number of mutans 
streptococci In mothers In order to prevent an early colonization of mutans streptococci 
In the oral cavity of their children. In the present study very low correlations were observed 
between the number of mutans streptococci and lactobacill In the mothers and their 
children. Thus, no recommendations are made for such an approach. 

The data collected In the present study were also used to assess If It could be predicted In 
which children radiographs would reveal additional dentinal lesions. In the past when 
caries Incidence was high. It was general practice to make radiographs with half-year to 
one-year intervals. Due to decreasing caries incidence in child populations, expert advice 
was given In preschool children to make radiographs approximately half a year after 
approxlmal contacts between deciduous molars were established (Burgersdljk and 
Berendsen, 1982). Depending on the Information of these radiographs the child was 
classified either as a caries active or cariesfree Individual and the frequency In which 
radiographs should be made was then assessed. Nowadays, there Is a tendency not to 
use radiographs unless clinical evidence of caries activity Is observed. On a group level, 
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the effect of the radiographic Information on the average dmfs score might be 
considered as low. However, without Information obtained with radiographs, 19% of the 
children In this study would have been mlsclasslfled as being carles free while in the 
clldren with carles experience on average 2 additional dentinal lesions per child were 
detected with radiographs. Radiographs appeared to be much more valid for 
Identification of approxlmal carious lesions In the deciduous dentition than the clinical 
examlnlnatlon. By clinical examination only 30% of the approxlmal dentinal lesions In the 
deciduous molars were detected. The radiographs revealed additional dentinal lesions In 
25% of the total group of children. And even with a large set of risk Indicators concerning 
dental carles a valid identification of this additional carles group appeared to be 
Impossible. 

However, when a discriminant analysis was performed In a reduced group of five-year-old 
children with clinical manifestations of dentinal carles (loss of enamel, dental lesions or 
restorations). It appeared possible to Identify 90% of the children In whom radiographs 
would provide additional Information concerning dentinal lesions. Nevertheless, such a 
test has to Include a salivary lactobacillus count, limiting the feasibility of such a test In 
general dental practice. The main reason is that the laboratory procedure of the 
lactobacillus test Is too time-consuming. 

Fortunately, the clinically diagnosed caries prevalence may serve as an Indication for the 
probability that the radiographs will reveal additional dentinal lesions. In 5-year-old 
children with no clinical signs of dental caries (also no dark discolouratlons of pits and 
fissures) radiographs disclosed additional dentinal caries in 10% of this group. This 
percentage Increased to 59% In a group of children with clinical presence of loss of 
enamel, dentinal lesions or restorations. Dentists or parents who are still in doubt as to the 
usefulness of radiographs may take a saliva sample for the lactobacillus count as another 
tool to verify whether radiographs will provide additional information. When presence of 
lactobacllli in saliva was detected In a group of children and at the same time loss of 
enamel, dentinal lesions or restorations were observed in the deciduous dentition, 
radiographs showed additional dentinal lesions In the deciduous dentition in 80% of these 
children. 

To summarize, two distinct conclusions can be drawn from this study: 

1. Prediction of the presence of dentinal caries at the age of five years was 
Impossible in 2-to-3.5-year-old children. 

2. The clinical examination, especially in combination with a lactobacillus count, 
was a succesfull predictor for the Identification of five-year-old children In whom 
radiographs would reveal additional dentinal lesions. 
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Summary 

In chapter one the decline of the carles prevalence among schoolchildren during the last 
decades Is described. The conclusion that the types of dental services offered to the 
children should be more related to different disease patterns, stressed the need for a 
predictive test. In dental research efforts have been made to select patients with a high 
caries risk based on a limited number of determinants of dental caries. Until now. In dental 
literature the patient with a high caries risk Is not uniformly defined. In the young 
population under study, the patient with a high caries risk Is defined as the patient who Is 
likely to develop dentinal carles In the future when no special preventive measures are 
taken. 

The major aim of the study was to Investigate whether a prognostic predictive test for 
carles In preschool children could be constructed using several determinants (risk 
indicators) of dental caries. An Important feature of such a test should be convenience of 
use In a general dental practice. 

Chapter two pays attention to the study design, the population under study and the 
methods of collecting the data. Some methods were new and new indices had to be 
developed, or existing methods were modified. The rationale behind this was that the 
methods had to be time saving and had to be acceptable for the children. The quality of 
the data was assessed with help of the Inter Period Correlation matrix analyses. The 
reproducibility of the caries scores appeared to be reliable followed by the number of 
mutans streptococci in saliva as second best. A lower reproducibility was observed for the 
fluoride-related variables, the tooth brushing frequency, and the number of lactobacilll In 
saliva and mutans streptococci in plaque. The oral hygiene- and dietary data were found 
to have the lowest reproducibility. Addition of the presence of dark enamel 
discolouratlons (In pits or fissures) to the caries scores was followed by long term 
fluctuations of the caries score in some of the children. In these children, the morphology 
of the occlusal surfaces seemed to have changed due to attrition which probably 
caused superficial discolouratlons to disappear. When the dark discolouratlons were 
excluded from the carles score, the score remained stable or Increased In time. In the last 
paragraph, the validity of the caries diagnosis (clinically or with help of radiographs) was 
discussed. In the deciduous dentition of 5-year-old children, the clinical examination 
revealed only 30% of the dentinal lesions present in the approximal surfaces of deciduous 
molars. The reliability of the clinical carles diagnosis further decreased when precavltation 
lesions were Included in the carles score. For the occlusal surfaces the situation Improved 
as the clinical diagnosis detected 80% of the occlusal dentinal cavities. However, 
diagnosing occlusal dentinal lesions with the help of radiographs was still more effective, 
revealing 89% of the occlusal dentinal lesions. 

Chapter three starts with a comprehensive description of the behavioural and clinical 
data collected at baseline and at following examinations. The dietary Information 
gathered with the 24-hour recall method was compared to the data collected with the 7-
day dietary diary. At baseline and analyzed on a group level, almost identical numbers of 
dietary Intakes per child were found with both methods. The population under study can 
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be considered as well-fluoridated. More than 73% of the children used fluoride tablets 
regularly. At the same time the dmft score was very low at the start of the study with only 
2% of the children having dentinal cavities. The correlation between the plaque and 
gingivitis was high (r = .67, p< 0.01). The cohort design made It possible to consider various 
age groups. As most of the data were described In relation to these age groups, possible 
age effects could be studied. Based on the 24-hour recall method no age effects on the 
number of dietary Intakes were observed. Though the intention of this study was to predict 
the development of caries in the future, correlations between several data sets and the 
actual carles score were also calculated. The correlations between the dietary Intakes 
(according to the 24-hr recall method) and the dmfs scores (Including enamel lesions) 
were always low and never exceeded r = .23. With Increasing age, the fluoride Intake 
obtained from tablets and toothpaste rose as well. Probably due to the frequent use of 
fluoride containing tootpastes and tablets by the children, no statistically significant 
correlations were found between the fluoride variables or the frequency of tooth brushing 
and the caries experience. From the age of 3.5 years, the average plaque and gingivitis 
score remained stable on a group level. The correlation between the plaque or gingivitis 
score and the carles score was very low and not statistically significant In most of the age 
groups. With increasing age more carious tooth surfaces per child were found. Addition of 
the radiographic information to the clinical caries score at the age of five years, resulted 
In a considerable increase In the percentage of children with caries or restorations 
present (enamel and dentinal lesions or restorations 28% to 49%; dentinal lesions and 
restorations 24% to 36%). The percentage of children with no dentinal caries present was 
comparable to the scores In 5-year-old children In The Hague (Truln et al.,1991). However, 
in that study the average caries score (enamel lesions excluded) was twice as high, which 
means that the children In The Hague had on average much more lesions in comparison 
to the children In the present study. 

Attention was also payed to the influence of the parent who was most Involved In 
upbringing the child (In most cases the mother) on several variables collected In the child. 
The level of education of the mothers showed statistically significant correlations with the 
caries score and most of the determinants of dental caries in their children. The negative 
correlation between the level of education of the mother and the sugar intake by the 
child never exceeded .35 yet was statistically significant (p < 0.01) in all the age groups. 
The level of education of the mother was the only variable which demonstrated a steady 
increasing (negative) correlation with the dmfs score of the child when he/she grew older, 
In the oldest age group this correlation was -.37 (p < 0.01). 

Chapter four focusses on the oral microbiological data collected during the study. At 
baseline, the saliva samples appeared to be more sensitive than the plaque samples In 
detecting mutans streptococci In the oral cavity. However, the correlation between the 
number of mutans streptococci in plaque and saliva was high (r = .60, ρ < 0.01). 
Lactobacilli were detected less frequently (11.5%) in the baseline population. No distinct 
age effects were observed in the number of mutans streptococci and lactobacllll found 
in the children. The development of the oral microflora was also studied on an Individual 
level. In the group of children where the microorganisms were detected on one or more 
occasions, an Increase or constant level of the bacterial counts was only observed In 49% 
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of the children for the mutans streptococci and in 37% for the lactobacilll in the saliva 
samples. In every age group, statistically significant correlations (.55 to .61, ρ < 0.01) were 
found between the number of mutans streptococci detected In the plaque and saliva 
samples. The correlations between the numbersof lactobacilll In saliva and mutans 
streptococci In plaque or saliva were lower but statistically significant (p< 0.01) in most of 
the age groups. The correlations between the number of mutans streptococci in the 
saliva sample of the parent and the child appeared to be very low and not statistically 
significant (p < 0.05) In most of the age groups. Compared to the mutans streptococci, 
the correlations between the number of lactobacilll in the saliva of the mother and the 
child were slightly higher but still low. From the age of 2.5 years, statistically significant (p < 
0.01) correlations were found between the bacteriological data of the children and their 
dmfs score. Most of the time these correlations were higher for the lactobacilll than for the 
mutans streptococci. On the other hand, the correlations between the bacteriological 
and dietary variables were very low and not statistically significant (p < 0.05) in most of the 
age groups. In every age group, the level of education of the mother demonstrated a 
statistically significant negative correlation with the numbers of mutans streptococci (p < 
0.01) and lactobacilll (p < 0.05) In the saliva of the child. 

Chapter fiys tries to evaluate the extent to which future caries development could be 
predicted with the help of data collected during the study. Previous studies on carles 
prediction were presented and discussed. The data collected at baseline or up to the 
age of 3.5 year have been used to predict which children would have dentinal lesions at 
the age of five years. In the 3.5 year group the most unfavourable scores accumulated 
until the age of 3.5 year were used In the majority of the analyses. For each variable a 
scale was selected which discriminated best between the high-risk group and the low-risk 
group. Single data as well as combinations of data were applied to univariate analyses. In 
these analyses, for each score the probability that dentinal carles would be present at the 
age of five years was calculated. The relative risk (RR) for each variable in relation to the 
future carles development was computed by dividing the probabilities of the extreme 
scores. For most of the data the chance of belonging to the future carles group was 
between 2 to 3 times higher for the most unfavourable score when compared to the most 
favourable score. In general relative risks up to 2.5 In the baseline group and up to 3.1 In 
the 3.5 year group were found for the variables reflecting the number of mutans 
streptococci. The chance to develop carles at the age of five years was never more than 
2 times higher when lactobacilll were present than when they were absent. The variables 
reflecting the total dally fluoride Intake showed that in both the baseline and 3.5 year 
group the relative risk to develop dentinal caries In the future was significant higher (range 
1.8 to 2.4) In absence of fluoride from toothpaste or tablets than In the well-fluoridated 
group. Additionally the variable representing the presence or absence of dark 
discolourations revealed statistically significant relative risks in both age groups (range 2.3 
to 2.7). In the baseline group, the chance to develop dentinal caries at the age of five 
years was more than 2.5 times as high for the children who had a mother with a low level 
of education as when the level of education of the mother was high. The dietary scores 
based on the dietary diary demonstrated a statistically significant (p < 0.05) relative risk of 
dentinal caries at the age of five years. When the number of sugar-containing food 
Intakes was larger than 5, the chance to have dentinal caries at the age of five years was 
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2.7 times as high as when the frequency of sugar intakes was less than 3. For the total 
number of food Intakes lower values for the relative risk were obtained. The dietary 
Information scored with the 24-hour recall method failed to result In a statistically 
significant relative risk Irrespective of the age group. In neither the baseline nor the 3.5 
year group statistically significant relative risks were found for most of the oral hygiene 
variables in relation to the presence of dentinal caries at the age of five years. The same 
could be concluded for the variable 'frequency of toothbrushing". 

The highest relative risks in relation to the presence of dentinal caries at the age of five 
years were found for the newly combined variable MLDIsc2 (reflecting the numbers of 
mutans streptococci and presence or absence of lactobacilll and dark discolourations in 
the enamel) in the baseline group (RR = 3.1) as well as in the 3.5 year group (RR = 7.6). The 
variables combining a number of conditions which were considered to have a positive or 
negative Influence on the development of dentinal carles did not result In higher relative 
risks In comparison to the relative risk of some of their components. 

Multivariate discriminant analyses were performed to estimate the simultaneous effects of 
several risk factors in the presence of dentinal caries at the age of 5 years. The direct 
method as well as the stepwise technique have been applied to three sets of data 
(baseline data, the average values of scores of the data collected until the age of 3.5 
years, or the most unfavourable scores of the data collected up to the age of 3.5 years). 
The results of the analyses varied for the type of analysis (direct or stepwise technique), 
the sets of variables used and the age groups (baseline group and groups with the 
average or most unfavourable scores up to the age of 3.5 years). Unfavourable scores 
were, for example, the lowest fluoride intake and the highest number of mutans 
streptococci or sugar intakes registered up to the age of 3.5 years.The percentage of 
correctly classified subjects varied between 68% and 80%. In all the analyses the sensitivity 
was much lower (.25 to .58) than the specificity of the test (.85 to .93). In general the 
negative prognostic value (.69 to .82) was somewhat higher than the positive prognostic 
value (.65 to .76). In comparison to results of other studies most of the analyses 
demonstrated higher percentages of sensitivity and specificity. The highest values were 
obtained with a large set of data. However, even with the best combination of variables 
the results were still ambiguous. The canonical correlations varied between .27 and .55 
which means that the variance in the development of dentinal carles, explained by the 
variables used in the analyses, never exceeded 30%. Attempts to Improve the quality of 
the discrimination by changing the cutoff point of the discriminant score did not have a 
substantial effect since the specificity hardly improved. With the best performing 
discriminant analysis, 80.5% of the subjects were correctly classified. By presence of 
dentinal caries in 32% of the children, only 32 children (18% of the whole group) were 
Identified to be at high risk while 23 children (13% of the whole group) were incorrectly 
regarded not to be at high risk. A small group of 11 children (6% of the whole group) had 
a false positive test result. It had to be concluded that the benefits of the tests did not at 
all compensate the extra effort that had to be invested Into collection of the additional 
data. 
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In chapter six the collected data are used to assess whether it was possible to predict In 
which children radiographs (made at the age of five years) would reveal dentinal carious 
lesions which were not detected by the visual examination. Variables have been tested 
using univariate as well as multivariate analyses. The best discrimination between the 
children with or without a need for radiographs was possible with the variable 
representing the numbers of dark dlscolourations. When dark discolourations were absent, 
the probability that the radiographs would disclose additional dentinal lesions was very 
low (probability of .09). The probability that dentinal caries would be detected on the 
radiographs increased when the number of decayed or restored tooth surfaces was 
Increasing. The variable 'presence or absence of lactobacilli in saliva' appeared to be 
the best discriminating bacteriological variable. The variable combining the numbers of 
mutans streptococci and the presence of lactobacilli and dark discolourations of the 
enamel, showed a low probability (.05) that additional dentinal caries would be detected 
when none of these conditions were present. When all the conditions were present the 
probability that additional dentinal lesions would be detected was high (probability of 
.75). This means that the chance to detect additional dentinal lesions on the radiographs 
was 15 times higher when all three conditions were present than when high numbers of 
mutans streptococci, lactobacilli and dark discolourations were absent. 

Subjecting the whole group to a discriminant analysis resulted in a correct prediction of 
the need for radiographs in maximally 85% of the children, The sensitivity of the 
discriminant analyses was relatively low (.51-.60) and the specificity was high (.92-.94). 
Only 50% of the children with additional dentinal lesions, according to the radiographs, 
were detected using the stepwise technique. Better results were obtained when, based 
on clinical examination, the children were divided Into a group with a db^fs score = 0 (no 
enamel and dentinal lesions or restorations present) and a group with a dbmfs score > 0. 
(at least loss of enamel present). Application of a stepwise analysis using the variables 
"absence or presence of lactobacilli" and "numbers of dark discolourations of the 
enamel" to the children with clinical evidence of caries (enamel lesions included), 
resulted in high values for the sensitivity (.90) as well as the specificity (.80). The total 
number of misclasslficatlons was lower when the stepwise analysis was applied to this 
reduced group (30% of the children) with a dbmfs score > 0, than when the analyses were 
subjected to the group as a whole. However, it was concluded that the need for a 
bacteriological screening test reduces the feasibility of such a predictive test In a general 
dental practice. Determination of the profit of radiographs is impossible at the same visit 
due to the incubation time of the bacteriological test. 

A strong Indication of the radiographs' benefit was the clinical manifestation of dental 
caries. Even when the clinical examination showed a completely caries free dentition and 
dark discolourations of pits and fissures were absent, still 10% of the children had dentinal 
cavities according to the radiographs. With an increase in the severity of the carious 
attack, higher percentages of children demonstrated additional dentinal lesions on the 
radiographs. In the presence of enamel and dentinal lesions or restorations, radiographs 
appeared to be useful in the majority (59%) of the children 
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In chapter seven the general conclusions are presented. To summarize, two distinct 
conclusions can be drawn from this study: 

1. Prediction of the presence of dentinal caries at the age of five years was 
Impossible In 2-to-3.5-year-old children. 

2. The clinical examination, especially in combination with a lactobaclllus count, 
was a succesfull predictor for the identification of five-year-old children in whom 
radiographs would reveal additional dentinal lesions. 
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Samenvatting 

in hoofdstuk 1 wordt de daling van de carièsprevalentle beschreven die gedurende de 
laatste 20 Jaar bij schoolkinderen is waargenomen. Daar de caries niet meer evenredig 
verdeeld is over de populatie, zou de verleende tandheelkundige zorg meer 
gedifferentieerd moeten zijn. Daarom wordt de ontwikkeling van een test, die het 
toekomstige cariés risico vaststelt, wenselijk geacht. Tot op heden maakten onderzoeken, 
gericht op de identificatie van patiënten met een verhoogd tandcariès risico, meesttijds 
gebruik van een beperkt aantal determinanten van caries. Een onderlinge vergelijking 
van de resultaten van deze onderzoeken Is moeilijk onder andere door de verschillende 
definities voor de patiënt met een verhoogd cariés risico. In dit onderzoek bij 2 tot 5 Jarige 
kinderen werd de groep met een hoog caries risico gedefinieerd als de groep van 
kinderen bij wie op 5 Jarige leeftijd carles tot In het dentine aanwezig was. De 
belangrijkste vraagstelling van dit onderzoek was of het mogelijk is bij kinderen jonger dan 
3 jaar met behulp van een uitgebreide set van determinanten van caries het toekomstige 
caries risico (op 5 jarige leeftijd) te voorspellen. Een belangrijke voorwaarde was evenwel 
dat een dergelijke test uitvoerbaar zou moeten zijn in de algemene praktijk. 

Hoofdstuk 2 besteedt aandacht aan de onderzoeksopzet, de populatie waarbinnen deze 
studie is uitgevoerd en de toegepaste meetmethoden. De meetmethoden worden 
uitgebreid beschreven om dat voor verschillende caries determinanten nieuwe Indices 
moesten worden ontwikkeld of bestaande methoden moesten worden gemodificeerd. 
De reden hiervoor was dat de meetmethodiek niet te veel tijd in beslag mocht nemen en 
niet te belastend mocht zijn voor het kind. De data kwaliteit wordt besproken door 
gebruik te maken van de Inter Period Correlation matrix analyse. De reproduceer
baarheid van de cariësscore bleek het meest betrouwbaar gevolgd door het aantal 
mutans streptococci In het speeksel van het kind. Een lagere reproduceerbaarheid werd 
gevonden voor de variabelen die betrekking hadden op het fluoride gebruik, de 
poetsfrequentie en de aantallen mutans streptococci in de plaque en lactobaclllen in 
het speeksel. De reproduceerbaarheid van de variabelen met betrekking tot de 
mondhygiëne en het voedingspatroon van het kind was het laagst. De toevoeging van 
donkere glazuur verkleuringen aan de cariësscore resulteerde in fluctuaties van deze 
score op de langere termijn. Vermoedelijk treden er, bijvoorbeeld ten gevolge van 
attrltle, veranderingen op In het occlusale tandoppervlak. Wanneer de donkere 
glazuurverkleurlngen buiten de cariësscore werden gehouden, dan bleven de scores 
constant of namen toe In de tijd. In de laatste paragraaf wordt ook de validiteit van de 
carlësdlagnostiek (klinisch of met behulp van röntgen) besproken. In het melkgeblt bij 5 
jarige kinderen bleek het klinisch onderzoek slechts 30% van de approximate dentine 
caviteiten op te sporen. De betrouwbaarheid van de klinische diagnose nam nog verder 
af wanneer ook de precavltatie lesies in de cariësscore werden opgenomen. De klinische 
diagnostiek van occlusale carles was meer betrouwbaar, 80% van de occlusale dentine 
lesies werd ontdekt. 
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Hoofdstuk 3 geeft een beschrijving van de variabelen met betrekking tot het tandheel
kundig gezondheidsgedrag en de klinische scores bij aanvang van de studie en bij alle 
opvolgende half-jaarlijkse controles. BIJ aanvang van de studie werd de voedings
informatie volgens de 24 uur recall methode vergeleken met de Informatie volgens het 
gedurende 7 dagen bijgehouden voedingsdagboekje. Op groepsniveau blijken de 
resultaten van belde registratiemethoden vergelijkbaar terwijl op individueel niveau de 
correlatie tussen de beide registratie methoden laag was. De populatie in deze studie 
kan als goed 'gefluorideerd' worden beschouwd aangezien meer dan 73% van de 
kinderen regelmatig fluoride tabletten gebruikte. Bij aanvang van de studie was de dmft 
score erg laag en dentine cariés werd slechts bij 2% van de kinderen aangetroffen. De 
correlatie tussen de plaque- en glnglvltisscore was hoog (r = 0.67, ρ < 0.01). De cohort 
opzet van de studie maakte het mogelijk om de kinderen In verschillende 
leeftijdsgroepen te plaatsen zodat effecten van de leeftijd op de verschillende 
variabelen konden worden geëvalueerd. De leeftijd bleek geen invloed te hebben op 
het voedingsgedrag zoals gemeten met de 24 uur recall methode. Hoewel het 
belangrijkste doel van dit onderzoek was om de toekomstige cariés ontwikkeling te 
voorspellen, werden tevens de correlaties tussen de verschillende data en de actuele 
carièsscore berekend. De correlaties tussen het aantal voedingsmomenten en de dmfs 
score (glazuurlesles inbegrepen) waren onveranderlijk laag en bereikten nooit een 
waarde hoger dan r = 0.23. Met het stijgen van de leeftijd nam de fluoride opname uit 
tabletten of tandpasta toe. Dit frequente contact met fluoride was vermoedelijk de 
oorzaak van het feit dat er geen significante correlaties werden gevonden tussen de 
fluoride variabelen of poetsfrequentle en de carlésexperlence. Vanaf 3,5 Jarige leeftijd 
bleven de op groepsniveau gemeten gemiddelde plaque- en gingivitlsscores gelijk. De 
correlaties tussen de plaque- en gingivitlsscores en de carièsscore waren erg laag en niet 
statistisch significant in de meeste leeftijdsgroepen. Met het stijgen van de leeftijd nam 
ook het aantal geregistreerde carieuze tandoppervlakken toe. Het op 5 jarige leeftijd 
toevoegen van de met de röntgenfoto's verkregen cariêslnformatie aan de klinische 
carièsscore resulteerde In een aanzienlijke stijging van het percentage kinderen waarbij 
caries of restauraties aanwezig waren (glazuur of dentine lesies en restauraties van 28% 
naar 49%; dentine lesies en restauraties van 24% naar 36%) Het percentage kinderen dat 
vrij was van dentine cariés, was vergelijkbaar met de scores In een Identieke 
leeftijdsgroep in Den Haag (Truln e.a., 1991). Echter, In het onderzoek van Truln e.a. (1989) 
was de gemiddelde carièsscore (glazuur lesies uitgesloten) wel twee keer zo hoog. 

In hoofdstuk 3 werd verder aandacht besteed aan de Invloed van de ouder die het 
meest betrokken was bij de opvoeding van het kind (meesttijds de moeder) op de 
verschillende variabelen zoals verzameld bij het kind. Het opleidingsniveau van de 
moeders liet statistisch significante negatieve correlaties zien met de carièsscore en het 
merendeel van de determinanten van cariés gemeten bij hun kinderen. De negatieve 
correlaties tussen het opleidingsniveau van de moeders en de frequentie van suiker
opname door hun kinderen waren nooit hoger dan 0.35 maar wel significant (p < 0.01) 
voor alle leeftijden. Het opleidingsniveau van de moeder was de enige variabele die een 
constant stijgende (negatieve) correlatie liet zien met de dmfs score van het ouder 
wordende kind. Bij de 5 jaar oude kinderen was deze correlatie uiteindelijk -0.37 (p < 0.01). 
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Hoofdstuk 4 behandelt de microbiologische data die tijdens deze studie werden 
verzameld. Bij de beginmeting bleken de speekselmonsters gevoeliger te zijn voor de 
detectie van mutans streptococci dan de plaque monsters. Echter, de correlatie tussen 
de aantallen mutans streptococci in speeksel en plaque was hoog (г = 0.60, ρ < 0.01). 
Lactobacillen werden bij de beginmeting slechts bij 11.5% van de kinderen aangetroffen. 
Er waren geen duidelijke leeftijds effecten aantoonbaar op de aantallen mutans 
Streptococci en lactobacillen. De ontwikkeling van de orale microflora werd eveneens op 
Individueel niveau bestudeerd. In de groep van kinderen waarbij deze microorganismen 
bij één of meer gelegenheden werden ontdekt, werden stabiele of toenemende aantal
len aangetroffen bij 49% (mutans Streptococcen in speeksel) en 37% (lactobacillen In 
speeksel) van de kinderen. In iedere leeftijdsgroep werden statistisch significante 
correlaties (0.55 tot 0.61, ρ < 0.01) gevonden tussen de aantallen mutans Streptococcen 
In plaque en in speeksel. De correlaties tussen de aantallen lactobacillen in speeksel en 
de aantallen mutans streptococccen In plaque en speeksel waren lager maar statistisch 
significant (p < 0.01) in de meeste leeftijdsgroepen. De correlaties tussen de aantallen 
mutans Streptococci in het speekselmonster van de ouder en het kind bleken erg laag en 
niet statistisch significant (p < 0.05) In de meeste leeftijdsgroepen. In vergelijking met de 
mutans Streptococcen waren de correlaties tussen de aantallen lactobacillen In het 
speeksel van de ouder en het kind iets hoger maar nog steeds laag. Vanaf een leeftijd 
van 2,5 jaar werden statistisch significante (p < 0.01) correlaties aangetoond tussen de 
aantallen mutans streptococci of lactobacillen en de dmfs score. De correlaties tussen 
lactobacillen en de dmfs scores waren meestal hoger dan tussen de aantallen mutans 
Streptococcen en de dmfs scores, Daartegenover waren de correlaties tussen de bacte
riologische data en de voedingsinformatie erg laag en niet statistisch significant (ρ < 0.05) 
in het merendeel van leeftijdsgroepen. In iedere leeftijdsgroep werden statistisch signi
ficante negatieve correlaties aangetoond tussen het opleidingsniveau van de moeders 
en de aantallen mutans Streptococcen (ρ < 0.01) en lactobacillen (ρ < 0.05) in het 
speeksel van de kinderen. 

Hoofdstuk 5 richt zich op de hoofdvraagstelling van dit onderzoek namelijk of het mogelijk 
is om bij 2 tot 3 jarige kinderen de toekomstige cariêsprevalentie te voorspellen. De 
verschillende onderzoeken die zich op dit terrein hebben bezig gehouden worden 
gepresenteerd en vervolgens bediscussieerd. De bij de nulpuntsmeting verzamelde data 
of de data verzameld tot een leeftijd van 3,5 jaar werden gebruikt in de meeste analyses. 
Voor iedere variabele werd een schaal gekozen die maximaal discrimineerde tussen de 
laag en hoog-rlsico groep. Solitaire variabelen alsmede combinaties van verschillende 
variabelen werden toegepast in univariate analyses. In deze analyses werd voor iedere 
score de waarschijnlijkheid berekend dat op 5 jarige leeftijd dentine caries aanwezig zou 
zijn. Het relatieve risico (RR) voor ledere variabele In relatie tot de toekomstige 
cariêsontwlkkeling werd berekend. Voor de meeste variabelen was de kans om tot de 
toekomstige carlêsactieve kinderen te behoren 2 tot 3 keer zo groot bij een ongunstige 
score in vergelijking met de meest gunstige score. Voor de variabelen met betrekking tot 
de mutans Streptococcen werden in het algemeen relatieve risico's tot 2,5 
(nulpuntsmeting groep) of 3.1 (3,5 jaar groep) gevonden. De kans dat er op 5 Jarige 
leeftijd cariés werd gevonden was ongeveer 2 keer zo groot bij aanwezigheid van 
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lactobacillen dan wanneer deze microorganismen niet werden gedetecteerd. De 
variabelen met betrekking tot de fluoride opname toonden significant relatieve risico's 
(range 1.8 tot 2.4) In relatie tot de toekomstige cariésstatus voor zowel de nulpuntsmeting 
als de metingen tot 3,5 jaar. Voor de variabele die de aanwezigheid of afwezigheid van 
donkere verkleuringen in het glazuur beschrijft werden in de nulpuntsmeting- en de 3,5 
Jaar groep significante relatieve risico's gevonden (range 2.3 tot 2.7). In de nulpuntsmeting 
groep was de kans om op 5 Jarige leeftijd dentine cariés te hebben 2,5 keer zo groot voor 
de kinderen waarvan de moeders een laag opleidingsniveau hadden dan bij een hoog 
opleidingsniveau. Zowel het volgens het voedingsdagboekje berekende totale aantal 
voedingsmomenten, en het aantal suiker-bevattende voedingsmomenten in het 
bijzonder, toonden een statistisch significant (p < 0.05) relatief risico In relatie tot het 
carièsrislco op 5 Jarige leeftijd. Wanneer de frequentie waarmee suikerhoudende 
voedingsmiddelen of dranken genuttigd werden meer dan 5 maal per dag bedroeg, was 
de kans om op 5 Jarige leeftijd al dentine cariés te hebben 2.7 keer zo groot dan bij een 
frequentie van 3 of minder. Voor het totale aantal voedingsmomenten was dit relatieve 
risico wat lager. De voedingsinformatie zoals verzameld met behulp van de 24 uur recall 
methode bleek niet toereikend om tot een statistisch significant relatief risico te komen. 
Een statistisch significant relatief risico was ook niet aantoonbaar voor de meeste 
variabelen die betrekking hadden op de mondhygiëne of de poetsfrequentie. 

De hoogste relatieve risico's In relatie tot het optreden van dentine carles op 5 Jarige 
leeftijd werden gevonden voor de samengestelde variabele MLDIsc2 (combinatie van 
aantallen mutans streptococci, en de aan- of afwezigheid van lactobacillen of donkere 
verkleuringen van het glazuur In pits of fissuren). In de nulpuntsmeting groep bedroeg het 
relatief risico voor deze variabele 3.1 maar nam toe tot 7.6 in de 3,5 jaar groep. De 
variabelen die een aantal positief of negatief geachte condities ten opzichte van het 
onstaan van cariés in zich verenigden lieten geen hogere relatieve risico's zien dan de 
relatieve risico's van enkele van de Individuele componenten. 

Multivariate discriminant analyses werden uitgevoerd om het gecombineerde effect van 
verschillende risicofactoren op de aanwezigheid van dentine cariés op 5 jarige leeftijd te 
berekenen. De directe methode alsmede de stepwise techniek werden toegepast op 
een drietal data sets: nulpunts meting data, de gemiddelde waarden van de scores van 
de variabelen die tot een leeftijd van 3,5 jaar waren verzameld, en de meest ongunstige 
waarde zoals geregistreerd tot op een leeftijd van 3,5 jaar. De resultaten van de analyses 
varleerden afhankelijk van het soort analyse (directe of stepwise techniek), de gebruikte 
set van variabelen en de leeftijdsgroep waarop de analyse werd toegepast 
(nulpuntsmeting groep en de groepen met de gemiddelde of meest ongunstige score 
zoals berekend tot een leeftijd van 3,5 jaar). Ongunstige scores waren bijvoorbeeld de 
laagst geregistreerde fluoride opname, en de hoogste aantallen mutans Streptococcen 
of sulkerbevattende voedingsmomenten zoals gevonden tot de leeftijd van 3,5 Jaar. Het 
percentage Juist geclassificeerde kinderen varieerde tussen de 68% en 80%. In alle 
analyses was de sensitiviteit (.25 tot .58) altijd beduidend lager dan de specificiteit (.85 tot 
.93) van die test. In het algemeen was de negatief voorspellende waarde (.69 tot .82) Iets 
hoger dan de positief voorspellende waarde (.65 tot .76). In vergelijking met de resultaten 
van de andere studies werden In dit onderzoek voor de meeste analyses hogere 
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waarden voor de sensitiviteit en specificiteit gevonden. De beste resultaten werden 
uiteindelijk bereikt met een uitgebreide data set. Desalniettemin bleven de resultaten 
enigszins teleurstellend. De canonlsche correlaties varieerden tussen de .27 en .55 
hetgeen betekent dat de verklaarde varlantle voor het aanwezig zijn van dentine cariés 
op 5 Jarige leeftijd nooit hoger was dan 30%. Pogingen om tot een betere discriminatie te 
komen door het afbreekpunt van de discrlmlnantenscore te veranderen resulteerde niet 
in een wezenlijk betere discriminatie. Met de meest geslaagde dlscrlminanten analyse 
werden uiteindelijk 80.5% van alle kinderen correct geclassificeerd. Dentine caries was 
aanwezig bij 32% van de kinderen, en slechts 32 kinderen (18% van de totale groep) 
werden ook als risico patiënten geïdentificeerd, terwijl 23 kinderen (13% van de totale 
groep) ten onrechte geacht werden tot de groep van carlèsvrije kinderen te behoren. 
Een kleine groep van 11 kinderen (6% van alle kinderen) werd abusievelijk bij de 
risicogroep Ingedeeld. Uiteindelijk moest worden geconcludeerd dat het eventuele voor
deel van de verschillende predlctleve tests te beperkt was om de extra inspanningen, die 
moeten worden getroost om de data te verzamelen, te rechtvaardigen. 

In hoofdstuk 6 worden de verzamelde data gebruikt om te zien of het mogelijk was om te 
voorspellen bij welke kinderen röntgenfoto's dentine lesies aan het licht zouden brengen 
die bij de klinische diagnose waren gemist. De verschillende variabelen werden toe
gepast In univariate en multivariate analyses. Het beste onderscheid tussen de kinderen 
waarbij de röntgenfoto's wel of geen additionele informatie zullen verschaffen was te 
maken met de variabele 'aantallen donkere verkleuringen in pits en fissuren'. In 
afwezigheid van donkere verkleuringen was de waarschijnlijkheid dat met de röntgenfoto 
nieuwe dentine lesies ontdekt werden erg laag (waarschijnlijkheid van .09). De 
waarschijnlijkheid dat de röntgenfoto's nieuwe dentine lesies aan het licht zouden 
brengen nam toe met de toename van het aantal carieuze of gerestaureerde vlakken. 
Van de bacteriologische variabelen bleek de variabele 'aan- of afwezigheid van 
lactobaclllen In het speeksel' het beste te discrimineren tussen de kinderen waarbij de 
röntgenfoto's wel of geen additionele lesies aan het licht zullen brengen. De 
gecombineerde variabele bestaande uit de aantallen mutans Streptococcen én de aan-
of afwezigheid van lactobaclllen én verkleuringen van pits of fissuren, liet een lage 
waarschijnlijkheid (.05) voor het detecteren van additionele lesies zien wanneer geen van 
deze condities aanwezig was. Echter, wanneer alle condities aanwezig waren, dan was 
de waarschijnlijkheid dat de röntgenfoto nieuwe lesies zichtbaar zou maken groot (.75), 
Dit betekent dat de kans om additionele dentine cavltelten te ontdekken op de 
röntgenfoto's 15 keer zo groot bleek bij aanwezigheid van lactobacillen én verkleuringen 
van pits en fissuren én een bepaald aantal mutans Streptococcen dan wanneer deze 
condities niet aanwezig waren. 

Door op de hele groep kinderen een dlscrimlnanten analyse uit te voeren kon slechts bij 
85% van de kinderen de additionele waarde van de röntgenfoto's voor de 
carlêsdiagnostlek correct worden voorspeld. De sensitiviteit van de discriminanten 
analyses was relatief laag (.51 tot .60) maar de specificiteit was hoog (.92 tot .94). Slechts 
50% van de kinderen waarbij de röntgenfoto's nieuwe dentine lesies aan het licht 
brachten, werden met behulp van de stepwise techniek ontdekt. De resultaten waren 
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beter wanneer op basis van het klinische onderzoek de kinderen werden onderverdeeld 
In een groep met een dbmfs score van 0 (geen glazuur- of dentine lesles aanwezig) en 
een groep met een dbmfs score > 0 (op zijn minst detecteerbaar glazuurverlles 
aanwezig). Toepassing van een stepwise dlscrlmlnanten analyse waarbij gebruik werd 
gemaakt van de variabelen 'aan- of afwezigheid van Iactobacilien' en 'aantal donkere 
verkleuringen In het glazuur van pits of fissuren' binnen de groep met een dbmfs score > 0 
resulteerde In hoge waarden voor zowel de sensitiviteit (.90) als de specificiteit (.80). Het 
totale aantal mlsclassiflcaties was lager Indien de stepwise analyse alleen werd 
toegepast In deze gereduceerde groep met een dbmfs score > 0 (30% van alle kinderen) 
dan wanneer de analyses werden uitgevoerd bij alle kinderen. Het Is echter te 
verwachten dat de noodzaak van een bacteriologisch onderzoek de uitvoering van een 
dergelijke test in de algemene praktijk zal beperken. Het vaststellen van de noodzaak 
voor het maken van röntgenfoto's In dezelfde zitting Is dan namelijk onmogelijk ten 
gevolge van de voor de lactobacillentelllng benodigde Incubatietijd. De klinische 
manifestatie van cariés bleek ook een duidelijke Indicatie te kunnen vormen voor het nut 
van de röntgenfoto's. In geval van een klinisch carlêsvrlj gebit en in afwezigheid van 
donkere verkleuringen in pits en fissuren werd bij slechts 10% van de kinderen dentine 
cariés ontdekt op de röntgenfoto's. Met het duidelijker worden van de klinische 
manifestatie van cariés steeg eveneens het percentage kinderen waarbij de 
röntgenfoto's additionele dentine cavitelten lieten zien. Bij de klinische aanwezigheid van 
glazuur- en dentine lesles of restauraties bleek het zinvol om röntgenfoto's te maken bij 
het merendeel van de 5 Jarige kinderen (59%). 

In hoofdstuk 7 worden de algemene conclusies getrokken. Op basis van dit onderzoek 
kunnen twee duidelijke conclusies worden getrokken: 

1. Het bleek onmogelijk bij 2 tot 3,5 jaar oude kinderen de aanwezigheid van 
dentine cariés op 5 Jarige leeftijd betrouwbaar te voorspellen. 

2. Het klinisch onderzoek, vooral In combinatie met een lactobaclllentelling. Is op de 
leeftijd van 5 jaar een goede predictor voor het Identificeren van kinderen 
waarbij de röntgenfoto's additionele dentine lesies aan het licht zullen brengen. 
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I De kans waarmee bij 2-jarige kinderen het voorkomen van cariés op 5-jarige leef
tijd correct kan worden geïdentificeerd, staat in geen verhouding tot de kosten en 
inspanningen die daarmee gepaard gaan 
(dit proefschrift) 

2 De geringe overeenkomst tussen de aantallen mutans Streptococcen en lacto-
baclllen bij moeder en kind vormen geen aanleiding om op tandheelkundige 
gronden speciale knuffelbeperkingen op te leggen 
(dit proefschrift) 

3 Bij de approxlmale carlësdiagnostiek in het volgroeide melkgebit zal de klinische 
blik van de tandarts nauwelijks worden beïnvloed door de kwaliteit van diens ge
zichtsvermogen 
(dit proefschrift) 

4 Het geloof dat microlekkage rond amalgaamvullingen met voorkomt omdat de 
randspleet dicht corrodeert, is zo vastgeroest dat niemand zich er nog om bekom
mert dat wetenschappelijk onderzoek het tegendeel aantoont 

5 Het toepassen van amalgaam bij de behandeling van primaire canes getuigt 
hedentendage meer van een conservatieve dan een conserverende behan-
delmgsfilosofie 

6 Aandacht voor de kosmetische aspecten van het gebit, kan een belangrijke 
bijdrage vormen aan een betere tandheelkundige motivatie en gebitsgezondheid 

7 Anders dan in de humane tandheelkunde, is het in de veterinaire tandheelkunde 
doorgaans de patiënt die de grootste bek heeft 

8 Aangezien AIO s slechts 4 jaar ter beschikking staan om te promoveren, zal het 
trendy predikaat 'light ook op veel proefschriften van toepassing worden 

9 Dr Oetker s grootste bijdrage aan de wetenschap bestaat waarschijnlijk uit het feit 
dat hij de promovendus leert de waarde van een titel te relativeren 

10 Gezien het weggedrag van de gemiddelde automobilist hjkt het verstandiger om 
het gebruik van sedativa in het verkeer te stimuleren in plaats van te verbieden 

I I Stellingen over de acupunctuur zijn altijd prikkelend 

12 De vervuiling door wasmiddelen beperkt zich met tot het oppervlaktewater, maar 
strekt zich ook uit tot de ether 

13 Sportieve stropdassen bestaan met 
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