AN EVALUATION OF COMPUTER-BASED RADIOGRAPHIC
METHODS IN ESTIMATING DENTAL CARIES AND

PERIODONTAL DISEASES

A thesis submitted to the
University of London
for the degree of

Doctor of Philosophy

by

Douglas KReith Benn

December 1990

Department Community Medicine,

Dental Practice Unit.

Faculty of Medicine

University College London

page 1



34-

"tHS% $

*( )



Abstract

Reductions in dental diseases have resulted in a need for more
accurate diagnostic and monitoring methods. The purpose of this study
was to 1) identify the best diagnostic technique, 2) investigate the
main factors which 1limit its validity and reliabilty and 3) devise
methods to improve its reliability and 4) investigate ways of

automating its use for general dental practice.

From the literature review radiography was identified as the best
current method with regard to validity, reliability, production of
stable objective data and ease of use. However,irradiation geometry
variations between serial films and subjective measurement errors were
its principle limitations. Although an accurate semi-automatic caries
measuring system exists, it is unsuitable for general practice due to

lengthy operator interaction.

A series of computer-based experiments were devised to evaluate
further the digital subtraction radiography technique (DSR); develop
a new method using stored regions of interest (ROI) to reduce
subjective measurement errors; investigate the feasibility of
completely automatic image analysis. In addition, an in vitro caries
experiment was designed to demonstrate the effects of irradiation

geometry variation on lesion size and caries scores.

The results demonstrated that small variations in irradiation geometry

can change radiographic scores. Misalignment of subsequent films
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beneath a video camera can cause significant errors in the DSR
technique. The stored ROI method reduced cement-enamel Jjunction to
alveolar crest measurement errors to standard deviation 0.15mm. A
fully automatic method for recognising teeth and bone crests was

demonstrated.

It was concluded that 1) radiography is currently the technique of
choice, 2) a new significant methodological error for DSR has been
demonstrated, 3) the subjective ROI method produced lower intra- and
inter-examiner measurement errors compared to similar methods, 4)
routine use of automatic methods may be feasible and should be
investigated further and 5) standardised irradiation geometry is

essential.
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Chapter 1 Introduction

This chapter examines the changing prevalence of dental diseases to
see if there is any evidence to support the hypothesis that high risk
groups exist in a population. Since diagnosis is a key element in
measuring disease in populations and in individuals, the difficulty
of establishing an accurate diagnosis is considered together with the

effects of different disease prevalence levels.

1.1 changing patterns of dental diseases

During the 1last 20 years a significant decline in caries experience
has occurred in many industrialised countries; the reductions in
children are of about 50% in five-year-olds, 40% in l12-year-olds and
33% in 15-year-olds (Allen et al 1983; Downer 1984; Renson 1986;
Hugoson et al 1988a; Hugoson et al 1988b). Not only has the overall
prevalence of caries fallen but the proportion of smooth surfaces
affected (approximal, buccal and 1lingual) has declined more than
occlusal caries. The latter is now the predominant caries site (Moller
1987). concern has been expressed regarding a possible increase in the
prevalence of root caries since people are retaining more of their
teeth into old age (Katz 1990). However, uncertainty exits regarding
the true prevalence of root caries due to the lack of comparability of

data between surveys (Beck 1990).

As well as considering the prevalence of caries, it is also necessary

to examine the rate of caries progression through enamel into dentine.
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Progression generally proceeds slowly and many lesions may remain
static in enamel or even remineralise (Berman and Slack 1973; Zamir et
al 1976; Grondahl et al 1977; Ekanayake and Sheiham 1987; Hugoson et
al 1988a; Hugoson et al 1988b). From a review of 13 papers on caries
progression it was calculated that a ‘mean’ time of 3-4 years existed
for radiographic 1lesion images to remain within enamel in permanent
teeth (Pitts 1983a). In caries active individuals much shorter times
were reported and Pitts (1983a) also stated that large numbers of
lesions remained unchanged for long periods. In deciduous teeth the
‘mean’ time was probably shorter due to the thinner enamel caps, but
Pitts was unable to provide a firm indication of progression rates in
deciduous teeth due to the variable reporting methods of the
investigators. sSolanki (1987) demonstrated that the choice of
different scoring systems can have a significant effect on progression
rates and this, together with the small number of longitudinal surveys
of deciduous teeth, probably accounts for the variation of reported

rates.

More recently a study of caries progression in British schoolchildren
has shown that rates in Britain have decreased since 1969 (Ekanayake
and sheiham 1987). children examined between 1978 and 1982 had a
higher proportion of carious lesions which did not progress and slower
rates of progression than those examined using a similar radiographic
technique between 1966 and 1969. Eleven per cent of outer enamel
lesions progressed into dentine or to a filled state in 3 years in the
1978 group, compared to 29% in the 1966-1969 group. Similar findings

have been reported by Hugoson et al (1988) who also commented that
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"when caries prevalence is decreasing, more refined diagnostic
measures should be used in order to make it possible to follow

changes."”

In the past, when caries prevalence and progression rates were higher,
it was thought that the lack of accurate diagnostic tests did not have
a major detrimental effect on clinical outcome. It was wrongly
believed that if an outer enamel lesion was left untreated, it would
have a high probability of progressing to dentine and early
restoration of this shallow 1lesion might result in a smaller

restoration which would destroy less tooth tissue.

However, this approach was challenged by Berman and Slack (1973) when
they reported the results of a 3 year radiographic longitudinal study
of posterior approximal surfaces in ll-year-old girls. They found that
50% of the enamel radiolucencies did not progress to dentine. This
indicated that the previous assumptions of inevitable caries
progression were incorrect and if the only criteria for restoring a
tooth were based upon the presence of enamel radiolucencies, then

probably 50% of the restorations were unnecessary.

The presence of suspected cavitation in an approximal tooth surface is
an important factor in deciding whether or not to restore a tooth.
Approximal enamel surface cavitation rates were reported as 34%, 66%
and 87% of the surfaces which had radiolucencies in outer enamel,
inner enamel and outer dentine of teeth examined in vitro (Marthaler

and Germann 1970). Twelve years later a lower rate of approximal tooth
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surface cavitation was reported of 14%, 20% and 52% for radiolucencies
in outer enamel, inner enamel and outer dentine of teeth examined in
vivo (Bille and Thylstrup 1982). A 1little caution is required in
directly comparing the two sets of results since the methods were not
identical. However, the magnitude of the differences in cavitation
rates between the two studies is so large that it is difficult to
believe that a significant reduction had not occurred during the time

interval separating the investigations.

The combination of reduced caries prevalence, progression rates and
late cavitation of tooth surfaces has lead to the development of
preventive rather than treatment orientated philosophies coupled to a

continual monitoring of dental health (Blinkhorn and Geddes 1987).

As disease patterns change it 1is to be expected that treatment
patterns should also change and there is some evidence to support
this. The results of examination of 1l2-year-old children in Somerset
were compared with similar examinations conducted 6, 19 and 25 years
previously (Anderson 1989). The average number of decayed missing
filled teeth (DMFT) per child of 1.05 from the most recent examination
was considerably 1lower than DMFTs of 5.36, 3.44 and 2.77 from the
previous examinations of 25, 19 and 6 years previously. It is
interesting to note that the major reduction over the last 6 years was

in the average number of filled teeth per child.

Periodontal health has also improved significantly and there is a

relatively low level of severe periodontal disease in adults of all
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ages (Loe et al 1986; Burt 1988; cCutress 1988; Johnson et al 1988;
Sheiham 1988). The following important conclusions were made by Burt
(1988) that 1) it is no longer accepted that everybody is susceptible
to serious generalised periodontitis, 2) generalised, destructive
periodontitis is unusual among adult populations, even where oral
hygiene is poor, gingivitis severe and professional treatment limited,
3) where oral hygiene is better, periodontitis is even more unusual

though gingivitis is common.

This has important implications regarding the traditional role of
dentists in preventing and treating periodontal disease. During 1981
to 1987, in England and Wales there was a 24% increase in the
provision of periodontal treatments and a 21% decrease in the number
of teeth filled in General Dental Practice (Dental Estimates Board
1987). Yet during this period epidemiologists have shown that the
level of destructive periodontal disease was uncommon and reducing
(Burt 1988; cCutress 1988; sheiham 1988). It may well be that as
Anderson (1989) indicated, although disease patterns may change, there
can be a lag of several years before a profession is persuaded to

adopt a modern philosophy and apply the principles in practice.

1.2 Disease distribution and clinical surveys

Cross-sectional surveys of populations have a major limitation in
that single examinations, at a given ©point in time, cannot
distinguish between past and present disease activity (Griffiths et al

1988). Mean values of past disease activity can be derived from cross
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sectional-surveys to express disease experience for a group of people.
However this fails to take into account the range or severity of
disease which can be experienced by individuals in the population
(Carlos et al 1986). It is important to determine if sub-groups exist
in the population and their relative sizes. Disease progression can be
measured by longitudinal studies which can discover population
sub-groups. Loe et al (1986) discovered in their longitudinal study
that a small sub-group exhibited rapid progression of 1loss of
periodontal attachment (LPA). A deficiency of longitudinal studies
using current clinical methods is they are only able retrospectively
to detect high risk groups (Griffiths et al 1988). A high risk group
is a collection of people who have a high probability of developing
disease above a certain level. Ideally, predictive tests are required
to identify high risk patients so that preventive regimes can be
implemented, before destructive changes have occurred and their

outcome closely monitored.

1.2.1 caries distribution and diagnostic practises

In many industrialised countries, the distribution of caries
experience in the population is highly skewed with a small number of
people experiencing the majority of caries. In the County of Avon, it
was found in 1986 that in 13- and 14-year-olds, 5% had more than half
of the caries surfaces and 10% had three-quarters of the approxirmal
lesions (Palmer and Pitter 1988). similar observations have been made
by other investigators (Grondahl et al 1977; Krasse 1985; Hugoson

1988b).
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Despite these findings, that the majority of carious lesions are found
in a minority of people, health care systems are usually designed with
fixed and often inappropriate examination intervals (Herxheimer 1985).
This does not encourage the clinician to search for people who suffer

from an unusually high incidence or progression rate of disease.

There is some evidence to support the view that practitioners adopt
simple screening philosophies partly due to the administrative systems
they use. Jensen et al (1987) reviewed the examination intervals for
bitewing radiographs performed by 25 practitioners on patients aged 16
years and above in New York. They found bitewings were taken routinely
irrespective of age at alternate recall examinations (an average of 18
months between bitewings examinations and 8.4 months between recall
examinations). Jensen et al (1987) concluded that "office routine,
rather than the patients’ dental status and anticipated radiographic
yield, was the dominant factor that determined the frequency of

bitewing exposure."

More disturbing are the findings by Mileman and Espelid (1988) who
investigated practitioners radiographic prescribing habits for
children. They performed a postal survey which revealed that 44%, 69%,
77% and 74% of Norwegian practitioners chose a 12-monthly bitewing
examination interval for their patients aged 3-5 years, 6-12 years,
13-18 years and more than 18 years of age. Although only 44% of
dentists selected the 12-monthly interval in the youngest age group,

this was at least twice the number of dentists found in any of the
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other time intervals. This suggests that most dentists in Norway have
chosen a uniform radiographic time interval of 12 months to diagnose
caries even though the incidence and progression rates are known not
to be uniform but vary with age and other factors. The incidence
reaches a peak 2-4 years after eruption and then declines rapidly
(Carlos and Gittlesohn 1965). For the average child all the permanent
teeth will have erupted by 13-years of age except for the third molars
and the maximum incidence of caries will be passed by the age of 17
years. one would therefore expect a low caries incidence at 5-years of
age and after 17-years of age. If the Norwegian practitioners were
anticipating peaks in caries incidence between the study ages of 3-18
years and above, then it would be sensible for them to pick a

variable and not a fixed radiographic interval of 12 months.

If this pattern of radiographic prescription indicates a 1lack of
knowledge concerning variations in caries incidence and progression
then it may be reasonable to assume that practitioners are also
unaware of the skewed distribution of caries in a population and are

not attempting to screen for high risk groups of patients.

1.2.2 Periodontal diseases distribution and diaqnostic practisges

World-wide there seems to be a prevalence of 7-15% of the adult

dentate population who suffer severe destructive periodontal disease

(Johnson et al 1988).

Loe et al (1986) demonstrated in a longitudinal study (conducted over
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15 years) on Sri Lankan tea-estate labourers, that rapidly, moderately
and non-progressive periodontal diseases were found in 8%, 81% and 11%
of the population. This showed a spectrum of disease progression with
only a comparatively small group showing substantial levels of
periodontal breakdown. This was defined as gingival crevice depths of
émm or more and a loss of periodontal attachment (LPA) of 4mm or
more. A recent study conducted over 28 years on an American group of
165 adults showed that 59% had no LPA or an average loss of + 1.0 mm
per person; 13% 2.0 mm LPA; 3% 3.0 mm LPA and 1% 4.0 mm LPA or more
(Ismail et al 1990). This work supports Loe’s findings that
substantial LPA is experienced only by a small percentage of an adult

population

In a similar way to the high risk caries groups it would seem that in
a population such groups also exist for the periodontal diseases. This
will require practitioners to look actively for disease subgroups of
high risk patients and again the little evidence which is available

regarding their current diagnostic practises is again not encouraging.

Osman et al (1986) surveyed a group of 179 dental practitioners in the
county of Avon in order to discover their reasons for taking
radiographs. Only 8% of patients were radiographed for periodontal
reasons in spite of the fact that the survey included patients of all

ages.

The problem is not only confined to the United Kingdom. A group of 36

general practitioners in North Carolina were selected to study the
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periodontal data collected in their patient records (McFall et al
1988). In each practice 80 records were selected for audit. Across the
practices only 20.5% of records (over a 5 year period) recorded
probing depths and presence of calculus, 13% gingival bleeding and 12%
plaque. A periodontal diagnosis was recorded in only 16.3% of records.
The authors concluded that the majority of patient records did not
contain sufficient diagnostic information to describe a patient’s

periodontal health.

It would seem that if dentists are not collecting adequate data then

there is very little hope of identifying high risk patients.

1.3 Diagnostic variability, treatment planning and disease prevalence.

studies on diagnostic variability as indicated by treatment planning
have been made on university teachers and practitioners. A Finnish
study of 12 teachers who assessed the same radiographs of 10
students, diagnosed decayed surfaces with a range from 27-62 while the
number indicated for treatment ranged from 31-72 (Rytomaa et al 1979).
Mileman et al (1983) performed a similar study where 9 clinical
teachers were presented with 12 pairs of bitewing radiographs
representative of 15-year olds. The teachers as a group planned 19%

overtreatment and 36% undertreatment.

Espelid (1986) performed a similar investigation of radiographic

diagnosis and treatment decisions for approximal caries. Radiographs

of 68 approximal surfaces were shown to 243 practitioners.
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Restorations were proposed by the group for 15.6 + 6.5 surfaces with a
range of 0-65 surfaces. Fillings were proposed for 5% of sound
surfaces and 25% of the dentists accounted for more than 80% of the

treatment proposed for sound surfaces.

It is very disturbing to find such variation in decision making both
among clinical teachers and practitioners. The radiographic diagnosis
of approximal caries has been shown to be important in treatment
decisions (Bille and Thylstrup 1982) and the addition of clinical
variables increases the inter-examiner variation compared to in vitro

situations (Merrett and Elderton 1984).

The variability of dentists’ diagnostic decisions is of great
importance since they serve as a weak basis for epidemiological
surveys reporting caries prevalence (Espelid 1986) and for validating
new diagnostic methods. As shown by Pitts (1988) and Griffiths et al
(1988), the prevalence figures for both caries and periodontal
diseases can be markedly altered by selecting different disease
threshold criteria and applying it to the same data. By altering the
disease threshold from initial caries lesions (Dl) to caries of
dentine (D3) [World Health Organization terminology, WHO 1979], Pitts
(1988) demonstrated that the percentage of individuals considered
free of fissure caries increased from 7% to 28%. Similarly, by
selecting periodontal attachment levels of >= 1lmm, >= 2mm, >= 3mm and
>= 4mm, the prevalence of periodontal disease in 82 male subjects aged
17 years became 100%, 98%, 52% and 6% (Griffiths et al 1988). As shown

in Table 1.1 (section 1.4) large variations in disease prevalence can
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have a significant effect on diagnostic test performance and the

choice of disease thresholds is important for evaluating tests.

1.4 The need for accurate predictive, diagnostic and monitoring tests

The weight of scientific evidence now seems to show that dentists and
health workers will in the future be seeking to identify the minority
of people who either will develop or have developed dental disease
(Krasse 1985; Hugoson et al 1988a; Hugoson et al 1988b; Palmer and
Pitter 1988; Loe et al 1986; Johnson et al 1988; 1Ismail et al 1990).
If predictive tests can be developed then this will provide the
earliest means of identifying the high risk groups in a population
(Griffiths et 1988). Alternatively, or in combination with predictive
tests, accurate tests are needed for diagnosing dental diseases at the
earliest stages in their development so that preventive regimes can
have time to be effective (Blinkhorn and Geddes 1988). Accurate
diagnostic tests also have the potential for monitoring small changes
of the tissues indicating destruction, repair or static 1lesions in
individual patients. This is important in caries management because
early carious lesions have the potential to remineralize (Kidd 1984).
In the periodontal diseases the ability to detect a transition from an
early lesion to an established 1lesion or vice versa (Page and
Schroeder 1976, 1982 - section 2.5.3) could be used to decide if
preventive regimes are succeeding and if a more interventional course

has been selected, whether it is achieving its objectives.

Whether or not these tests will be used for screening subgroups of
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populations will depend on a number of conditions being fufilled.
Sheiham (1978) defined these conditions as "The dental disease should
be an important health problem; there should be an effective and
acceptable treatment available; the natural history should be

understood and there should be an agreed policy on whom to treat.”

However, designing accurate tests may be more difficult than common
sense might indicate since the predictive value of a positive test
varies with the prevalence of the disease - (predictive is used here
to mean the percentage of all positive results that are true positives
when applied to a population of healthy and diseased people). If a
test for disease was shown to have a sensitivity of 95% (incidence of
true positives found in patients known to have the disease) and a
specificity of 95% (incidence of true negatives found in patients
known to be disease free) then this might be expected to be a good
test for detecting disease. With a disease prevalence of 50% this is
indeed true with a predictive value of a positive test being 95.0 %
(Galen and Gambino 1975). However with a low disease prevalence of 5%
the predictive value falls to 50.0 %; with a 1% prevalence the
predictive value is 16.1% and a prevalence of 0.1% reduces the

predictive value to only 1.9% .

since the incidence and prevalence of caries and the periodontal
diseases has been shown to be decreasing, it becomes very important to
know what proportion of the population is disease free since as it
approaches 95%, previous tests with a high predictive value become no

better than tossing a coin (Table 1.1).
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Table 1.1 Effect of prevalence, sensitivity and specificity on

predictive value of a positive test.

Prevalence Sensitivity and Predictive value of

% Specificity % positive test %
0.1 95 1.9

0.1 90 0.9

5.0 95 50.0

15.0 95 77.0

15.0 90 61.4

15.0 85 50.0

15.0 80 41.4

For uncommon diseases, such as juvenile periodontitis, with an
estimated prevalence of 0.1 - 0.5 % (Kronauer et al 1986; Bial and
Mellonig 1987), the predictive value of a single positive test result
is approximately 2% even with a sensitivity and specificity of 95%.
Screening populations for diseases with such a low prevalence using
tests producing large numbers of false positives are hard to justify

in purely financial terms.

Tests exhibiting a sensitivity and specificity of 95% applied to
populations with a disease prevalence of about 15% will achieve a
positive predictive value of 77%. However if the sensitivity and

specificity falls to 85% the predictive value falls to 50%. Since it
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has been suggested that the prevalence of advanced LPA (>= 6mm) occurs
in 10% or less of a population (Papapanou et al 1988; Ismail et al
1990), the performance of a test becomes critical if invalid results

are to be prevented.

It would seem to be very important to evaluate the performance of
existing diagnostic methods for detecting and monitoring caries and
periodontal diseases since they are the key to the development and
testing of hypotheses for disease activity, preventive regimes and

treatment philosophies.

1.5 Aims of thesis

This chapter has introduced a number of themes including the reduction
in the prevalence of dental diseases, the existence of small groups of
people who seem to be at high risk of developing severe dental
disease, the difficulty that dentists have in accurately diagnosing
disease, that prevalence levels will alter with different diagnostic
thresholds and diagnostic test performance will change with variations
of disease prevalence. These topics examined individually are of
interest but viewed collectively they reveal a critical need for the
dental profession to be able to predict and identify high risk
patients, detect early disease, accurately monitor disease and its

response to preventive regimes and treatment.

The aims of this thesis are :-

1) to review existing prognostic methods for identifying high risk
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patients before they develop caries and periodontal diseases.

2) to review existing diagnostic methods for caries and periodontal
diseases.

3) to select the best diagnostic method from those available based on
criteria of validity, reliability and ease of use.

4) by experiment to investigate those factors which affect the
validity and reliability of the test.

5) design experiments to improve the reliability and suitability of
the test for general clinical use.

6) make recommendations for further work.
In the next chapter we shall consider the pathological changes which

occur in dental caries and the periodontal diseases together with the

impliéations for designing prognostic and diagnostic tests.
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Chapter2 The relationship between dental anatomy, disease changes and

diagnostic tests.

2.1 Introduction

In this chapter we shall consider the anatomy of the regions of
interest; describe how they alter in response to disease; discuss

test performance and the implications of this for evaluating tests.

2.2 Dental anatomy and pathological changes

caries will be discussed first followed by periodontal disease.

2.3 caries

Teeth are composed of four principal tissues; enamel, dentine, pulp

and cementum.

Dental caries is a softening of hard tissue due initially to loss of
calcium ions from enamel and if the carious process continues,
eventually dentine and pulp will be affected. The majority of caries
now occurs in the occlusal fissures of posterior teeth (Moller 1987)
although there is some preliminary evidence of an adult high risk

group for root surface caries (Beck 1990).
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2.3.1 DRAetiology of caries

caries has been shown to require the presence of bacterial plague on
teeth (Miller 1883; orland et al 1954) and refined carbohydrates
(Gustaffson et al 1954) to produce hydrogen ions which removes calcium
from enamel hydroxyapatite crystals. The principal bacterium
implicated in the carious process is Streptococcus mutans although
some strains of Lactobacillus and other organisms can produce acid in
an oral environment (Gibbons and van Houte 1975). cCaries is a
multifactorial disease since the composition of the bacterial plaque,
length and frequency of exposure of tooth surface to acid production
(Stephan 1940) and presence of free fluoride ions (Dean 1938,1939)
all contribute to a dynamic equilibrium which can remove or replace
calcium ions (Silverstone 1984; Kidd 1983; Joyston-Bechal and Kidd

1986; Kidd and Joyston-Bechal 1987).

2.3.2 Histopatholoqy of the white spot lesion

Caries is a slow process (Pitts 1983a) which in part explains the
complicated structure of the early enamel or "white spot" lesion. It
is composed of 4 regions or zones based upon its histological
appearance when ground sections are examined with a polarising 1light
microscope. Using a clearing agent, such as quinoline which has the
same refractive index as enamel, different refractions can be seen

compared to water (Joyston-Bechal and Kidd 1986).

Zone 1 is a translucent region, which is not always present and lies
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at the deep advancing front of the lesion. Normal enamel has a pore
volume (spaces) of about 0.1% whereas the translucent zone has a pore
volume of 1.0%, due to demineralization, which accounts for its

visibility.

Zone 2 or the dark zone is just superficial to the translucent zone.
The dark zone has a pore volume of 2-4% and may represent an area of
remineralization. clinically arrested lesions have histologically

wide, well developed dark zones (Kidd 1983).

Zone 3 or the body of the lesion comprises the largest proportion of
the carious enamel in the small lesion. It is superficial to the dark
zone and deep to the surface layer. The pore volume is variable with

only 5% at the periphery but increasing to 25% or more in the centre.

Zone 4 or the surface zone is the most superficial layer which appears

to be unaffected although it has an increased pore volume of 1%.

If a white spot lesion continues to grow, eventually the surface layer
will break up and a cavity forms. However, there are no definite
criteria such as lesion size, age or activity which can be used to

predict exactly when cavitation will occur.

It is believed that the surface layer is related to the presence of an
overlying layer of plaque which acts as a diffusion barrier trapping
calcium, phosphate and fluoride ions released by surface dissolution.

This in turn is thought to favour remineralization of the surface
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layer (Kidd and Joyston-Bechal 1987).

2.3.3 Morphology of caries

In smooth surface lesions, approximal and buccal surfaces, the lesion
is often cone shaped with the apex of the cone pointing towards the
amelodentinal junction (ADJ). However, the shape is variable. Zamir et
al (1976) reported 66% of lesions being triangular shaped, 16% diffuse

and 18% of unclassified shape.

Early smooth surface caries and fissure caries are histologically very
similar with the same zonal structure. However, whereas smooth surface
caries tends to form one discrete lesion, fissure caries tends to form
two lesions on either side of the fissure which only coélesce when the
lesions extend to involve the base of the fissure. Unlike smooth
surface 1lesions, fissure caries has a broader base of deminerlization
at the ADJ than at the surface. This leads to undermining of sound
enamel and often extensive dentinal involvement occurs (Kidd and

Joyston-Bechal 1987).

2.3.4 Tooth response to caries

When the advancing front of the lesion reaches the ADJ, acids and
other chemical irritants stimulate the pulp dentine complex. This may
result in tubular sclerosis of dentine caused by the active deposition
of mineral in the dentinal tubules producing a Translucent Zone of

dentine. Unlike the translucent zZone in enamel which is
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hypomineralised, this is hypermineralised. In addition reactionary
dentine may form at the dentine-pulp interface (Kidd and

Joyston-Bechal 1987).

It is believed that the presence and integrity of the enamel surface
layer is critical for the potential of lesion remineralization (Konig
1984). In vitro experiments have shown that natural white spot lesions
can remineralize using fluoridated toothpaste slurries (Joyston-Bechal
and Kidd 1986, Damato et al 1990). Breakdown of the enamel surface
would allow bacteria easier access to dentine with an increased risk
of lesion progression. However, there is very little published work on
the sequence of events which follow early surface breakdown since

clinically this is difficult to detect.

2.3.5 Requirements of an ideal caries test

It has been shown from the above that histogical and pathological
changes of carious lesions are well known although not all the
processes have been elucidated. The high risk sites of the teeth are
the pits, fissures and approximal contact areas. The rate of caries
progression for the average patient is slow with about 3-4 years
required to penetrate to the ADJ assuming the lesion does not arrest
or remineralize and 5-6 years if outer enamel lesions are included

(Pitts 1983a).

From a consideration of these facts it is possible to define what is

required from an ideal test/s for caries:-

page 36



1 It should predict the initial onset of disease allowing time for
preventive measures.

2 It should be capable of detecting the carious process before the
enamel surface cavitates and preferrably while it is still confined to
enamel.

3 Enamel surface breakdown, both microscopic and macroscopic should be
detectable since this can affect enamel remineralization (Konig
1984).

4 It should be able to detect progression, remineralization or stasis
of the lesion.

5 The thickness of the enamel cap in the approximal contact region of
the premolars and molars is between 1.0 mm to 1.2 mm. Assuming that
caries progresses at a linear rate (it probably does not) and that
four years are required for a lesion to pass through the full
thickness of enamel, then in one year the lesion will progress one
quarter of enamel thickness or 0.25 mm to 0.30 mm. If a 0.30 mm change
in depth of the lesion is to be detected with a 95 % reliability then
the standard Deviation (SD) should be about half this value or 0.15 mm

since 1.96 x SD= 95 % confidence level for a sample population.

It would seem that if the above reasoning is correct, an _annual

clinical examination for detecting early caries or change in lesion

status (individual patient monitoring) will require a diagnostic

method with an accuracy of SD 0.15 mm and a measuring interval of

probably 0.05 mm to 0.7 mm.
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(Although these figures were derived from a consideration of the
approximal regions they should also be appropriate for fissure
caries.)

6 since carious lesions are irregular in shape, it would be
advantageous to be able to detect 3 Dimensional changes.

7 The diagnostic method should offer no significant hazard to the
patient and should be repeated as often as clinically indicated within
the limits of patient tolerance and cost.

8 The presence or absence of living bacteria within the body of the
lesion should be detectable together with an estimate of their
activity.

9 The extent and severity of carious lesions should be reported for
each patient rather than just a single value summarising the extent
which is the limitation of the current DMFT/S system (Carlos et al

1986).

2.4 Periodontal diseases

The periodontal diseases are associated with bacterial plaque and are

characterised by gingivitis which is usually reversible (Loe et al

1965), but may proceed to destruction of the periodontal ligament and

supporting alveolar bone. If the 1loss of attachment is severe, the

tooth will become mobile and may be lost.

2.4.1 Anatomy of the periodontium

The periodontium is composed of four tissues: the gingiva, the
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periodontal ligament, the root cementum and the alveolar bone.

The gingival soft tissue is closely adapted to the roots of teeth and
covers the alveolar bone proper which is an extension of the alveolar
process. The most coronal portion of the gingiva is not firmly bound
to bone and is called the free gingiva; this has a rounded edge at its
margin, hence the name free gingival margin (FGM). A thin blunt probe
can be gently inserted between the FGM and the crown of the tooth to

enter a potential space called the gingival pocket or crevice.

Between the alveolar bone and the root cementum are collagen fibres,
blood vessels, nerves and lymphatics which collectively are called
the periodontal ligament which fills the periodontal ligament space
(PLS). A cribriform plate of compact bone 1lines the bony wall of the
PLS and coronally forms the alveolar crest margin. The plate is
connected with the buccal and lingual/palatal cortical plates of the

jaws.

Deep to the covering layers of cortical bone is the cancellous bone

containing a supporting framework of bony trabecular plates and rods

with the remaining spaces filled with vascular tissue.

2.4.2 petiology of the periodontal diseases

The periodontal diseases are characterised by infection and

inflammation of the periodontal tissues which is thought to originate

as a microbial infection of the gingival sulcus.
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The involvement of bacterial plaque has been shown by a short-term
experiment where volunteers abstained from toothbrushing for a few
days. During this time plaque collected and clinical gingivitis
developed but when normal hygiene measures were reintroduced, the
gingivitis resolved showing that gingival inflammatory changes may be

reversed if plaque formation is prevented (Loe et al 1965).

At some stage, and for reasons as yet unknown, the inflammatory
changes cause destruction of periodontal collagen fibres with or
without accompanying destruction of alveolar bone. Differences in
bacterial composition have been demonstrated between gingivitis and
periodontitis (Newman et al 1976). Cross-sectional studies have
indicated that the subgingival microflora in gingivitis is composed
mainly of Gram-positive Streptococcus sanguis, Strep. mitis and
Actinomyces viscosus (Slots 1979). In patients suffering from
periodontitis, the subgingival flora have shown higher proportions of
Gram-negative bacteria, such as Actinobacillus actinomycetomcomitans,
Bacteroides gingivalis and B. intermedius (Slots and Genco 1984; Slots
1986). Traditionally destructive periodontal disease has been thought
to be caused primarily by a single or a very few types of organism.
However, there 1is now some evidence to suggest that different
infections can occur at the same time in a person’s mouth and that
different organisms over time can be responsible at a single site for
causing destruction (Socransky et al 1987). Results from recent work
by christersson et al (1989) has led them to propose two hypotheses
for the pathogenesis of periodontitis. The first is a

gingivitis-dependent hypothesis which suggests that inflammatory
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changes caused by gingivitis facilitate subgingival colonization by
periodontal pathogens such as B. gingivalis. The second, or
gingivitis-independent hypothesis proposes that gingivitis and
periodontitis are distinct entities and that «clinical methods for
preventing or treating gingivitis may be inadequate to prevent

periodontitis.

2.4.3 clinical signs and histopatholoqy of periodontal lesions

Biopsies from clinically healthy areas of the periodontium have
revealed that a small infiltrate of inflammatory cells is always
present in the coronal portion of the gingiva adjacent to the
junctional epithelium (Page and Schroeder 1976). In the clinically
healthy periodontium it has been suggested that the presence of small
numbers of inflammatory cells is the "normal" situation indicating the
body is successfully coping with a continuing bacterial challenge from

the oral cavity (Wennstrom 1988).

As the degree of inflammation increases, clinical signs of gingivitis
may appear with enlarged papillae due to oedema, redness, an apparent
increase in probing depth of the gingival sulcus and even bleeding
from gentle probing may occur. If the inflammatory changes extend to
produce destruction of collagen fibres inserted into the root

cementum, the gingivitis becomes a periodontitis (Listgarten 1986).

Page and Schroeder (1976, 1982) have suggested a four stage

histopathologic classification of periodontal disease:-
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The initial 1lesion is characterized by vascular dilatation and
increased permeability to fluid and cells from the blood.

The early lesion is identified by a lymphocyte-rich infiltrate which
develops adjacent to the juhctional epithelium and the local
collagenous fibre network is destroyed.

The establighed lesion is a further extension of the early lesion with

plasma cells becoming the dominant cell of the inflammatory
infiltrate. Further collagen destruction and epithelial proliferation
into the infiltrated connective tissue are also features of this
stage.

The advanced lesion is typical of periodontitis and includes all the
features of the established lesion together with bone destruction,
pocket formation and further apical migration of the junctional

epithelium.

The amount of loss of periodontal attachment is critical since if it

is severe and progressive, the retention of the tooth or teeth

affected may be such that a tooth exfoliates or is extracted.

2.4.4 Gingival Crevicular Fluid

From the gingival sulcus a gingival crevicular fluid (GCF) can be
collected using a filter paper. The GCF contains various immunological
and chemical components which have been found to vary with clinical
conditions. cCimassoni and Giannopoulou (1988) reported on an
experimental gingivitis in man where 8 sites from 4 patients were

sampled before and after a 4 day period of plaque accumulation. The
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average GCF flow doubled after 4 days of no brushing but in some sites
there was no increase of GCF flow. The number of polymorphonuclear

leucocytes trebled at all sites.

In other investigations Lamster et al (1987) demonstrated a positive
correlation between increasing probing depth and GCF volume while
Villela et al (1987) showed a strong correlation between GCF
collagenase and probing depth. These findings have led researchers to
look for other changes in GCF linked to inflammation (sections 2.5.1,

3.3.8).

2.4.5 Potential for lesion healing

Periodontal lesions do not necessarily progress and 1lesions can
remain stable over long periods of time or reverse spontaneously from

an established lesion to an early lesion (Listgarten et al 1978).

2.4.6 clagsification of the periodontal diseases

Numerous classifications of the periodontal diseases exist (Grant et
al 1988) probably indicating that similar <to caries, the periodontal
diseases result from multi-factorial interactions between the host

and their environment.

A relatively simple classification of periodontal diseases into six

main disease groups has been suggested by Suzuki (1988). He proposed

that the finding of certain signs and symptoms would lead to the
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diagnosis of either Adult periodontitis, Rapidly Progressive
periodontitis (types A or B), Juvenile periodontitis, Post-Juvenile
periodontitis or Prepubertal periodontitis. This was based on a
consideration of age, sex, local or generalized distribution of the
lesions, association with tooth materials, caries rate, neutrophil

chemotaxis, autologous mixed lymphocyte response and genetic factors.

2.4.7 Theories and rates of periodontal disease proqgression

Two main theories of periodontal disease progression have been
proposed. Prior to the early 1980s, data from cross sectional and
longitudinal studies of chronic adult periodontitis had 1led to a
population model of slow continuous LPA of about 0.1 mm per year
(Axelson and Lindhe 1978; Becker et al 1979). However, Goodson et al
(1982) challenged the slow continuous progression theory with one of
intermittent bursts of destructive activity, the so-called Burst
Theory, which could be followed by partial or complete recovery. They
suggested that the majority of sites would not change and those that
did would alter over short periods of days or weeks. This was
supported by a study on 22 untreated subjects which showed that in 1
year, 82.8% of sites did not significantly alter (Goodson et al 1982).
Further supporting evidence was supplied by the same group 2 years
later when they reported that only 12% of sites in 64 patients
examined over a 6 year period had more +than 2mm LPA (Socransky et al
1984). In addition they found that only 40% of the sites which
suffered LPA in the first 3 years of the study, suffered further LPA

in the second 3 years.
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The burst theory has gained widespread acceptance by periodontologists
as a likely model for explaining periodontal disease progression.
Johnson et al (1988) drew attention to other diseases, such as
Rheumatoid arthritis, which are chronic inflammatory diseases which
progress by series of bursts of acute activity followed by periods of

remission.

However, severe reservations have been expressed by Birkedal-Hansen et
al (1988) regarding the Forsyth group’s statistical analysis of their
data and the accuracy of the LPA measurements which 1led them to
formulate the burst hypothesis (Goodson et al 1982). Their criticisms
revolved around the inaccuracy of probing techniques (Listgarten 1980)
and the use of 2 new analytical techniques, designed to discriminate
between disease "active" and "inactive" sites (Haffajee et al 1983b).
The concluding remarks by Birkedal-Hansen et al (1988) were "Probing
attachment 1level changes, therefore, should not be accepted
uncritically as absolute evidence of 1loss (or gain) of functional
attachment. If a 1-2 mm probing attachment level change accounted for
by inflammation alone is added to a 2-3mm apparent loss accounted for
by measurement error it is possible to envision substantial probing
attachment loss without any true progression of  disease." These
comments have been quoted in full since they seem to sum up very well
the current dilemma in dental diagnosis which is the need for accurate

methods to test disease models.
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2.4.8 Requirements of an ideal periodontal diseases test

The periodontal diseases are a group of inflammatory disorders which
share a common set of histopathological changes and are associated
with the presence of microbial plaque (Loe et al 1965). Adult chronic
periodontitis is thought to be associated with bursts of destructive
activity and long periods of inactivity at individual sites (Goodson
et al 1982; socransky et at 1984). The 5 other classifications of
periodontitis share the same histopathological changes but have
variations in age of onset, rates of progression and other features

(section 2.4.6).

From a consideration of these facts it is possible to define what is
required from an ideal prognostic or diagnostic indicator for

periodontal diseases:-

1 Predict the onset of initial disease.

2 Detect the presence or absence of disease.

3 Predict progression of the disease.

4 Detection of a change from gingivitis to an initial periodontal
lesion since diagnosis of gingivitis alone is not a diagnosis of
periodontal destruction (Page 1986; Johnson et al 1988; Wennstrom
1988).

5 Distinction between an active disease site and an inactive one
(Johnson et al 1988). This will probably be important for the small
percentage of patients who have rapidly progressive periodontal

destruction since the first evidence of therapeutic success would
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presumably be the conversion of active sites to inactive ones.

6 Ability to distinguish between collagen breakdown and bone
resorption over and above normal turnover.

7 structural details of alveolar bone. Qualitative and quantitative
chemical tests concerning bone remodelling will certainly be important
for diagnosing and monitoring periodontal diseases. However, the
ability to visualize alveolar bone will be an essential confirmation
that remodelling is preserving the skeletal support for the
periodontal tissues.

8 Provide objective data.

The current controversy regarding whether bone is lost continuosly or
in bursts will not be settled until small accurate measurements can be
made. It is suggested that crestal bone measurements of SD 0.15mm are
needed. Even though this seems to be a very small distance, it should
be remembered that clinically readings will have to be thresholded at
0.3 mm (2 SD) to reach the 95% confidence level. If bone is resorbing
at a constant rate of 0.2 mm per year, it will require 2 years to
lose 0.4 mm which is just outside the 95% confidence level providing
detection of crestal height. Of course a burst of 0.4 mm of bone
resorption could occur in a few days which would be indistinguishable
from slow continuous loss over the same time period. In order to
identify the rate of loss, short time interval as well as accurate

measurements are required.

As further work is performed, to <clarify the interactions between

plaque and the periodontal tissues, new markers for disease will be
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discovered which will be used to diagnose the periodontal diseases
(Johnson et al 1988). [The term "marker" in this thesis is used to

mean an indicator of future or current disease].

2.5 Predictive and diagnostic tests

Disease tests can be broadly divided into predictors of future disease

and diagnostic of current or past disease.

2.5.1 Predictive tests

A predictive test is one which seeks to detect a single marker or
group of markers which if present, indicate that an individual has a
certain probability in the future of developing a disease. If this was
at a healthy site then this would be a marker for initial disease. A
marker which predicted disease at a site which had already experienced
one or more attacks of disease would be a predictor of disease
progression. From this classification it is logical that markers will
be 1linked to factors involved in the aetiology of the disease or to
the initiating agents, their products or the host response. Both
caries and the periodontal diseases have an intimate relationship with
bacterial plaque (sections 2.3.1, 2.4.2) and a great deal of research
effort is currently being spent on evaluating certain bacterial
strains such as Strep. mutans and Lactobacilli as potential
predictive markers for caries (Klock et al 1989; sullivan et al 1989;
Alaluusua et al 1990). In the search for periodontal predictive

markers, the peripheral blood, saliva, GCF, subgingival bacterial
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plaque and periodontal tissues are being investigated (Fine and Mandel
1986; Johnson et al 1988). The predictive markers will be reviewed in

chapter 3.

The usefulness of predictive tests should be seen in relation to the
length of warning time they can provide compared to the progression
activity of a given disease and the anticipated test sampling

intervals.

From Table 2.1, produced by the author, it can be seen that the
preventive value of a predictive test is not simply the maximum
warning period the test can provide. If one accepts that the burst
theory is valid for the periodontal diseases (section 2.4.7), then the
combination of predictive warning period and examinafion interval must
be such that a short 1lived burst is unlikely to occur without an
effective warning period. This seems to indicate a requirement of a
test with a minimum predictive warning of 12 months for 6-monthly

examinations or 18 months for 12-monthly examinations.

The demands of caries predictive tests are less rigorous due to the
slow progression rates of the disease (Pitts 1983a) and the potential
for remineralization (Joyston-Bechal and Kidd 1986 - section 2.3.4).
Relatively short predictive periods of 6 months with a 24-month
examination interval are at worst likely to reveal early enamel
lesions of 18 months duration, which are unlikely to have cavitated
due to slow progression (Pitts 1983a; Bille and Thylstrup 1982).

Caries predictive tests with 12 months warning used at 12 or 24-month
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Table 2.1 Relationship between examination intervals, predictive

warning period of a test and its preventive value to dental disease.

Exam interval Max predictive Effective Preventive
period of test warning value
Max, Min Perio cCaries
months months months
24 18 <=18, -6 - +
18 18 <=18, 0 = - +
12 18 <=18, 6 + +
6 18 <=18, 12 + +
24 12 <=12,-12 - +
18 12 <=12, -6 - +
12 12 <=12, 0 =* - +
6 12 <=12, 6 + +
24 6 <= 6,-18 - +
18 6 <= 6,-12 - +
12 6 <= 6, -6 - +
6 6 <=6, 0 =* - +
Notes:

* even though it would appear that this combination of examination
interval and predictive warning period is very likely to provide in
most cases some advance warning of disease, for a few patients a
burst of destructive periodontal disease will have occurred with
little or no warning. A negative minimum effective warning value means

a lack of warning.
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intervals should provide ample time for implementing preventive

regimes.

In addition to the effective warning provided by predictive tests,
their cost should be considered whiéh should include chairside
professional time. It may be that unless ancilliary workers can be
utilized or patient self-assessment at home performed, the cost of
using technically successful predictors may be prohibitive on a
population-wide basis. Even if patients could be persuaded to perform
self-agsessment, this would be an unrealistic goal unless simple tests
could be designed which would rule out multiple site plaque sampling.

These topics will be considered further in chapter 3.

2.5.2 Diagnostic tests

Diagnostic tests should be able to detect changes which are due to
current active disease sites. Unfortunately it is possible to wuse
tests which detect evidence of past disease but are unable to
distinguish between active and inactive sites (Griffiths et al 1988).
Cross sectional and 1longitudinal radiographic and LPA surveys only
reveal changes from past disease. However, longitudinal surveys do
provide evidence of disease progression over the investigation period.
This can be used to determine if an individual has suffered greater
disease change than the majority of their cohort which has been called
an assessment of "severe disease for age" (Loe et al 1986; Griffiths

et al 1988).
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2.5.3 cCollection of data

When evaluating tests many factors need to be considered besides

efficiency or accuracy:-

2.5.3.1 Unit of sample

Sampling can occur at various levels such as site, subject or group.
At the site 1level in periodontal studies this could be 6 attachment
level measurements per tooth and up to 5 surfaces per tooth for
caries. The problem in using site level statistics for evaluating
disease is the potential lack of independence between sites in the
same subject (Sterne et al 1990). However, the condensation of many
measurements into a single value for allocating people to groups does
overcome the 1lack of sample independence but carries the penalty of
losing information. This occurs when the prevalence of periodontal
disease is defined as the proportion of subjects with at least one
site where the LPA exceeds a threshold value. The difficulty of
selecting the most appropriate sample unit to best represent disease
presence and activity shéuld be borne in mind when designing surveys

or comparing results between different survey methods.

2.5.3.2 combination testing

Scocransky et al (1987) suggested that multiple tests will be required
to identify the agents responsible for destructive periodontal

disease. However, tests performed serially behave differently to the
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same tests used in parallel on the same data. Parallel testing results
in the highest sensitivity but the 1lowest specificity whereas series
testing results in the lowest sensitivity but highest specificity

(Galen and Gambino 1975).

2.5.3.3 Practical considerations

Disease markers should ideally appear well in advance of pathology to
achieve useful prediction, be stable over time and highly specific for
the disease of interest. Minimal skill and time should be required to
identify and measure the markers in order to reduce the costs of the
test. The data acquired should be objective and amenable to

computational analysis (Griffiths et 1988).

2.6 Test definitions

Since there is occaisionally confusion within the literature regarding

terminology concerning diagnostic tests and performance, the following

definitions and examples are provided.

2.6.1 Precision

Precision describes the scatter of measurements from the true unbiased

value of what is being measured (Bourke et al 1988).

page 53



2.6.2 Accuracy

An accurate measurement is one which varies very 1little (is very

precise) from the true measurement (Bourke et al 1988).

2.6.3 validity

Validity describes how well our measurements represent the
characteristics we wish to measure. If we wish to measure the LPA and
we directly measure from the cemento-enamel junction (CEJ) to the most
coronal fibrous attachment then the validity will be very high.
However, there may be considerable variation in our measurements which

will affect their reliability.

2.6.4 Reliabilty

Reliabiblity is an indication of +the stability of the data obtained
from a method for measuring disease when the measurements are made
more than once, assuming no disease change. Equivalency indicates the
consistency between examiners and/or measurements performed at the

same time.

Reliability can be reduced by a lack of constancy due to variations

such as lighting and examiner position.

A lack of precision will reduce the reliability of a measurement, for

example variation of probing force will produce different values of
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probing depth in the same pocket.

Errors due to variation of instruments used, such as periodontal probe

diameters, is called a lack of congruency.

2.6.5 Relationship between validity and reliability

validity and reliability are interdependent concepts. "The internal
validity describes the validity of our variable as an expression of
the characteristic we want to observe, the reliability describes the
precision of our measurements and the external validity expresses the

total validity of our data" (Gjermo and Rise 1988).

2.6.6 Sensitivity and specificity

The sensitivity of a test measures its ability to detect true cases
(true positives or TP) and is defined by the number of true positives
as a percentage of the total with the disease. The positive results
obtained from individuals without the disease are called false

positives or FP.

The specificity of a test is its ability to detect disease-free
individuals and is defined as the number of true negatives (TN)
divided by the total without the disease. Negative results produced by
the test on individuals with the disease are called false negatives or

FN.
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2.6.7 Predictive value of a test

The predictive value of a positive test (PV+) 1is the proportion of
true positives compared to the sum of true positives and false
positives expressed as a percentage ie

TP x 100

TP + FP

The predictive value of a negative test result (PV-) is the proportion
of true negatives compared to the sum of true negatives and false
negatives expressed as a percentage ie

TN x 100

TN + FN

2.6.8 Efficiency of a test

The efficiency (or accuracy) of a test is the proportion of true
positive and true negative results compared to the number of subjects
in the study (n), expressed as a percentage ie

TP + TN x 100

n

2.7 Summary

This chapter has described the relationship between dental anatomy and

the changes observed with dental caries and the periodontal diseases.
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It is important to understand these changes since they indicate
disease. It is the ability of a test to accurately predict or measure
these changes which will decide if it will be a valid and reliable

test.

An indication of some of the critical stages in the development and
activity of the diseases has been described, within the limitations of
our current knowledge. An ideal test should be able to detect and

report these stages.

A discussion of some of the potential limitations of predictive tests
has been made together with a brief 1list of diagnostic test

performance indicators.

In the next chapter there is a review of the 1literature concerning
existing prognostic and diagnostic tests for caries and periodontal
diseases which will be discussed using the background information of

this chapter.
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Chapter3 Review of the literature relating to predictive and

diagnostic tests for caries and the periodontal diseases.

3.1 Predictive tests

As described previously (section 2.5.1) predictive tests seek to
identify markers of future disease to find high risk individuals or
groups of people with the aim of implementiﬁg preventive regimes. The
cost of prevention programmes could be greatly reduced and their
efficiency increased if the practitioner or health administrator could
identify in advance high disease risk subjects (Hunter et al 1988; van

Palenstein Helderman et al 1989).

3.2.1 caries predictors

The use of a number of different potential markers has been
investigated either singly or in combination for predicting caries

activity. These have included:-~

i) initial caries prevalence scores in primary or permanent teeth
(van Palenstein Helderman et al 1989; Seppa et al 1989; Alaluusua
et al 1990).
ii) initial prevalence scores and age (Seppa et al 1988).
iii) initial prevalence scores and obesity (Tuomi 1989).
iv) salivary lactobacillus counts (Crossner 1981; Pienihakkinen et al
1987; Kingman et al 1988; Block et al 1989; sullivan et al 1989).

v) initial prevalence scores and lactobacillus counts (Alaluusua et
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al 1990).

vi) salivary lactobacillus and yeast counts (Pienihakkinen et
al 1987).

vii) salivary streptococcus mutans counts (Kingmén et al 1988; Klock
et al 1989; sullivan et al 1989).

viii) salivary S.mutans and lactobacillus counts (Holbrook et al

1989).

ix) salivary sS.mutans and initial caries prevalence (Alaluusua et

al 1990).

The bacterial tests usually take the form of collecting stimulated
saliva, from chewing a block of wax, and pouring it over a microscope
slide covered in a nutrient medium. The slide is then incubated in an
oven for 4 days or at room temperature for 7 days and the number of
colonies compared by eye against a reference chart (Alaluusua et al
1984). Lactobacillus counts in saliva represent one oﬁfggrliest and
most widely used tests for caries activity (Larmas 1975). It is
believed that lactobacillus counts may have a special value in
assessing sugar intake (Hunter et al 1988; Abrams et al 1989). Both

S.mutans and lactobacillus dip slide methods are available for

chairside use (Dentocult, Rexodent Ltd, Southall).

Vanderas (1986) in an extensive review of caries predictors found that
it was difficult to make a direct comparison between the results of
studies, since there was no standard experimental protocol. In

this review of recent papers a similar problem was found (Table

3.1).
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Most of the recent studies made a clinical examination with a mirror
and probe together with bitewing radiographs, although the
radiographic criteria for diagnosing caries varied from study to
study. Alaluusua et al (1990) followed Moller‘’s (1966) scoring method
and excluded incipient occlusal 1lesions, visible decalcified enamel
spots and approximal radiolucencies 1less than 2/3 through enamel
(Moller’s cCriterion 1). The exclusion of this initial caries from the

prevalence score was common in the studies.

It would be reasonable to expect that in increasing the disease
threshold by éxcluding initial caries, a significant change in
prevalence would result (Pitts and Fyffe 1988). In turn this should
affect the positive predictive values (PV+) and negative predictive
values (PV-) of a test. When Seppa and Hausen (1988) calculated the
predictive values with and without initial caries values being
included in the DMFS scores, surprisingly the PV+ values increased
by only 2% from 45-47% and the PV~ values by 1% from 79-80%.

Unfortunately the change in DMFS scores was not provided.

It is difficult to explain the very small change in predictive values
caused by altering the diagnostic threshold. Perhaps it is because
initial lesions, defined by Seppa and Hausen (1988) as intact white
spot lesions with radiolucencies less than 1/4 enamel thickness,
are unlikely to progress in these children since they had life-long
exposure to fluoridated drinking water (1.2 ppm). If this was true,
it would explain the 1lack of sensitivity of the predictive test to

early caries and it raises an interesting possibility. As cCarlos et
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al (1986) commented, knowing the prevalence of a disease is of
limited value without measuring its severity. The studies of caries
predictions based on initial prevalence scores all use the DMFS/T
system which provides no idea of severity. It would be interesting
to see if initial caries severity scores for each lesion would have
a greater predictive value than the conventional DMFS/T index.
Although a severity index based on the tooth surface has been
used (Grainger Severity 1Index) it is in reality a modified DMFsS
index and only ©provided a slight increase in correlation
coefficient to 0.41 (Hunter et al 1988). A severity index could be
based on radiolucencies using 1/2 thicknesses of enamel and dentine
with an appropriate weighting for deeper lesions. Pitts (1985) has
proposed a similar scoring system but based upon observed
progression between serial radiographs rather than for predicting

caries incidence from an initial examination.

Another possible reason for the lack of predictive power using initial
DMF scores may be the arbitrary selection of the high risk criteria.
Seppa and Hausen (1988) chose "about" 30% of the children with the
highest caries scores to be the high risk group while in a later study
Seppa et al (1989) selected the upper quartile of caries experience
in 13-year-olds as the cut off point between high and low risk groups
for the r"real" caries developed. There would seem to be a need for a

more objective way to decide what is a high risk group.

Comparisons between studies with similar age groups but widely

differing initial caries prevalence may not be wise. Seppa et al

page 62



(1988) studied children aged 11-13-years-old with a baseline DMFS of
17.4 whereas Kingman et al (1988) observed 10-15-year-old ‘children
with a baseline DMFS of 4.61. Often predictive studies are performed
in conjunction with preventive regimes which doubtless have an effect
on caries incidence and progression rates which in turn would

interfere with caries prediction tests.

The manner of test reporting was found to be inconsistent with few
researchers quoting PV+, PV- and diagnostic efficiency (accuracy).
Nevertheless, it can be seen from Table 3.1 that all the reported
predictive tests have a high PV- compared to the PV+. This is not
surprising since tests used to detect 1low prevalence diseases are
liable to provide a higher proportion of false positives than false

negatives.

The majority of the tests fall into the PV+ range of 30-61% indicating
that they are very unreliable indicators for predicting future
disease. However the PV- range of 60-89% was much higher with the

majority about 80%.

It would seem that the existing caries prediction tests could usefully
be used to screen children into a low risk group who could be excluded
from preventive regimes. The remainder could form a “default" high

risk group.

Although microbial markers have been included in a high proportion of

studies, when their performance is examined alone (Kingman et al 1988;
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Holbrook et al 1989; Klock et al 1989) their PV+ is usually less than
just using initial prevalence scores (Seppa et al 1989; Alaluusua et
al 1990). sullivan et al (1989) demonstrated that only 6% and 3% of
the total variance was explained by S.mutans and lactobacilli when
predicting caries supporting their view that salivary microbial tests

are not strong predictors for individuals.

3.2.2 summary of caries predictors

From the available evidence it would appear that:-

i) there are no reliable predictors for caries activity.

ii) initial caries prevalence in deciduous or permanent teeth has a
high PV- and can be used alone or in conjunction with other markers
such as age or obesity to identify low risk patients.

iii) microbial tests alone or in conjunction with other markers do not
appear to be better predictors than initial caries prevalence and
require more time and money to use them.

iv) lactobacillus tests together with intensive diet counselling may
offer a practical method for reducing sugar intake in the default high
risk group (Vanderas 1986; Abrams et al 1989). However although 4 dip
slide tests cost only about £8-00 (Dentocult test, Rexodent) the costs
of serial lactobacillus count monitoring of a high risk group
involving conselling may be high and the administration in

school-based programmes demanding.
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3.3.1 Periodontal disease predictors

3.3.2 plaque, calculus and qinqgivitis

The conventional clinical risk markers associated with periodontal
destruction are plaque, calculus and gingivitis but unfortunately they
are not reliable predictors of periodontal breakdown (Haffajee et al

1983a; Baderstein et al 1985; Lang et al 1986; Griffiths et al 1988).

Haffajee et al (1983a) monitored the periodontal status of 3414 sites
in 22 adults at 2-monthly intervals. Neither gingival redness, plaque,
suppuration or bleeding on probing possessed both high sensitivity and
specificity (>= 0.9) and the authors concluded these indicators were

unsuitable as predictors for destructive periodontal disease.

Baderstein et al (1985) investigated 49 patients with advanced chronic
periodontitis. They monitored attachment levels every third month for
24 months and compared this to scores of plaque, bleeding, suppuration
on probing and probing depth. Although there was a weak association
between these scores and LPA, the predictive values were low with a
PV+ for plaque, bleeding and probing depth being 12%, 25% and 35%

respectively.
Lang et al (1986) reported that sites which bled on probing at 4

subsequent visits had a 30% chance of LPA, whereas sites which bled at

one visit or not at all had less than a 3% chance of LPA.
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3.3.3 Loss of periodontal attachment

Goodson et al (1982) investigated how the periodontal attachment level
(PAL) varied with time by investigating PAL at 2 sites per tooth on 22
untreated subjects every month for 1 year. 83% of the sites did not
change, 6% became significantly deeper and 11% became shallower. Half
of the sites which increased exhibited a cyclic deepening followed by
a spontaneous recovery to their original depth. The investigators
concluded that periodontal disease was a dynamic condition with

periods of exacerbation, remission and inactivity.

socransky et al (1984) reported on LPA for 64 patients examined over 6
years. They found that 12% of sites suffered more than 2mm LPA over
this period. Of those that lost attachment in the first 3 years only
40% lost further attachment in years 4-6. In 50% of sites with no LPA
in the first 3 years, LPA occurred in years 4-6. The authors concluded

that random "bursts" of disease activity had occurred.

Goodson et al (1984) investigated the relationship between attachment
level loss and alveolar bone loss on 22 untreated subjects. Sites were
probed monthly and radiographs made at baseline, 6 and 12 months. A
comparison was made between 10 sites which had radiographic bone loss
of >= 0.48mm (3 sD) and measured LPA. It was found that a 4mm LPA had
a PV+ of 60% and PV- of 95% for predicting bone loss in the following
6-8 months. However some caution should be exercised in accepting
their conclusions since their sample size of 10 active sites is small.

Also they used the tolerance method of dividing sites of LPA into
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