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ABSTRACT.

This thesis comprises a series inter-related studies designed to elucidate aspects
of the diagnosis and management of fissure caries using "sealant restorations".

In a preliminary study, the use of the probe in addition to visual inspection did
not improve the validity of the decisions to leave untreated, fissure seal or investigate
fissures in a group of extracted teeth. A group of Community Dental Officers
participated in a large survey/field trial in which they recorded details of 569
investigative cavities prepared in fissures. They were asked to predict the size of the
lesion. As the size of the lesion increased, the accuracy of the prediction reduced and
was not improved in operators using the probe. Caries lesions were most frequently
underestimated in right mandibular first molars and both mandibular second molar
teeth. The restorations in the field trial were assessed after 6 months, 1 year and 2
years. Sealant restorations were placed predominantly in first permanent molar teeth.
The figures for complete retention of fissure sealant after 6, 12 and 24 months were:
56, 42 and 34% for therapeutic fissure sealants; 25, 17 and 9% for intra-enamel
composite sealant restoration; 21, 12 and 13.8% for glass ionomer sealant restorations
and 28, 19 and 18% for laminate sealant restorations. It was estimated that at the end
of the two year field trial over 85% of restorations would survive a further one to two
years and 37% would survive for more than two years. Eighty-seven to ninety-two
percent of restorations required either no treatment of minimal additions of further
fissure sealant. Improved retention of sealant was found with increasing age of patient
at the time of restoration placement and with reduced size of restoration surface. Loss
of fissure sealant from the surface of the restorative materials was noted more
frequently than from the adjacent fissures of the occlusal surfaces of molar teeth.

In vitro studies designed to investigate means of optimising shear bond strength
of fissure sealant to restorative materials showed that when the base resin systems in
the composite and fissure sealant are different, the mean shear bond strengths are
significantly reduced. A significant increase in shear bond strength was noted, with
both light and self cured fissure sealant, when Scotchbond Dual Cure was applied to
the glass ionomer cement surface.

A hospital based clinical trial with strict protocols was carried out to
demonstrate the optimum performance of 150 sealant restorations. No restorations
were lost and in the small type 2 restorations (n=15), 100% retention of fissure sealant
was noted. In the larger type 4 restorations, complete fissure sealant retention was
observed in 67% of teeth (n=97). The presence of small composite restorations did not
adversely affect fissure sealant retention. Fissure sealant retention to glass ionomer

cement restorations was significantly less (P<0.05).
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Chapter 1.

1.1 Changes in the Clinical Presentation of Dental Caries.

1.1.1. Changes in caries prevalence during the last century.

In the latter half of the nineteenth century the caries rate in the U.K. increased
dramatically. Nikiforuk (1985) reported the mean caries prevalence to have risen from
18% to 66% for first permanent molars: the reason for this change - and a similar
observation for second permanent molars - was considered to be the three fold
increase in sugar consumption during this period.

In a review of the literature, Sheiham (1984) described a peak in caries

prevalence during the mid 1950's. This was subsequently followed by a gradual
decline in caries prevalence throughout the developed industrial countries. He
attributed this decline in part to reduced sugar consumption, but the acceleration in the
fall in caries rates since the early 1980’s is due in no small measure to the widespread
use of fluoride containing toothpastes.
Wilska (1947) established the first direct relationship between the amount of sugar
consumed and the prevalence of dental caries. More than 20 kilograms of sugar was
consumed per person per year and resulted in 98% of the adult population having some
caries experience. In the Vipeholm study, Gustafsson et al (1954) demonstrated that it
was not the total consumption of sugar but the frequency of intake that was the most
important factor determining the caries rate.

Sheiham (1991) discussed the reasons for reducing “free” sugar consumption to
below 15 kilograms per person per year. The dose-response relationship between
caries and sucrose consumption forms a sigmoid curve, where low levels of sucrose
consumption [10kg.per anum] lead to low caries incidence. Increasing the consumption
of sugar results in a greater incidence of dental disease. Takeuchi (1962) reported a
plateauing of the dose-response curve over an upper limit of 38kgs of sugar per year;
further increases in sugar consumption over this limit did not lead to a further increase
in dental caries. The gradient of the dose-response curve is greater when the frequency
of sugar intake is increased (Newbrun 1982) and it has been argued the curve will shift
to the right and rise less steeply when a source of fluoride is available.

Over the past two decades, the prevalence of dental caries has fallen markedly
in most countries in Europe (Marthaler et al 1988, Steiner et al 1989 & Renson 1989)
and the United States of America (Brunelle & Carlos 1982). The reduction in caries is
generally attributed to the increasing availability of fluoridated toothpastes (Glass 1982
& Holm 1990). For example, declining caries prevalence in Scottish schoolchildren
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has been reported during the decade from 1970 to 1980. The greatest decrease in caries
prevalence in Scotland was 44 per cent - this reduction was recorded in the four
fluoridated areas. Around Glasgow and Lanarkshire, which have a lower socio-
economic grouping, a 28 per cent reduction was achieved (Stephen et al 1987). By
contrast, Anderson et al (1981) reported a reduction in caries incidence in England of
between 32 and 57 per cent. This study compared dental health data from a group of
12 year old school children with that from a similar matched group 10 years previously.

1.1.2 Prevalence of caries-free children.

The scale of the problem in the management of caries in children in the 1950s
and 1960s is demonstrated by the reports of Millar (1953) and Jackson (1965) who
observed that 50% of molars became carious within the first year following eruption.
Hargreaves & Chester (1973) observed that 80% became carious within two years of
eruption and Bergman & Anneroth (1972) reported that by the age of 10 years, 90% of
pits and fissures became carious.

The dramatic change in caries prevalence in children is reflected in the 2 to 5
fold increase in the number of children who were completely caries free (Naylor 1982).
Thirty per cent of 11 year old British children were found to be caries free in 1983
compared with only 10% in 1973 (OPCS Monitor 1983). The comparable figure for
11 year old children in the USA was 34 per cent in 1980 (Miller et al U.S. Dept of
Health & Human Services 1981).

Anderson (1982) revisited an area of England which he had surveyed 15 years
previously. Interestingly, he reported a large increase in the number of children who
were completely caries free. Twenty per cent of five year old children were caries free
in 1964, while an improvement of only 6% was recorded after a further ten years. In
1980, a dramatic change was demonstrated when 49% of five year old children were
found to be completely free from dental caries.

1.1.3. Caries reduction in the adult population.

The reduction of caries prevalence has been described not only in children but
also in the adult population. Elderton (1985a) has shown a 32% reduction in the
number of teeth restored in adults in the 16-29 year old age group during the period
1965 to 1981. Not all of this reduction can be related to declining caries incidence since

a change in prescribing patterns has also been suggested.
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1.1.4 Changes in carious sites affected.

The reduction in caries prevalence has been associated with a change in the
nature of the remaining lesions. A decline in the number of smooth surface carious
lesions has been noted because of the protection afforded to these surfaces by fluoride.
Reduction in caries by fluorides affects some tooth sites more than others: reductions
are larger on proximal surfaces and smooth surfaces than on pits and fissures (Ashley
et al 1977; Jackson et al 1985).

Earlier work by Knutsun (1948) reported smooth surface caries accounted for
31% of all lesions in a group of 2,016 Minnesota school children. These findings were
recorded at baseline during a trial where 2, 4 or 6 fluoride applications were made to
one side of the dentition - the other side serving as a control.

Miller et al (1981) observed a 50% reduction in caries affecting approximal
surfaces as a result of fluoridation. Eighty four per cent of all new carious surfaces
were reported as arising in pits and fissures. Bohannan et al (1984) and Ripa et al
(1988) also confirmed the reported rise in the proportion of pit and fissure caries.

Stamm (1984) observed that carious lesions in children under the age of twelve
occur virtually exclusively in first permanent molar teeth. Thereafter, lesions in second
permanent molars become increasingly prevalent. Van Palenstein et al (1989)
confirmed that the first permanent molar contributed predominantly to the caries
incidence. The occlusal surfaces of teeth in the permanent dentition account for only
12.5% of all available surfaces yet this surface receives 60% of all new restorations
placed (Wendt et al 1988).

Pitts (1991) studied caries incidence and treatment received by a group of 1568
five, eight, twelve and fifteen year old Scottish school-children over a five year period
from 1983. He observed that 15% did not attend for treatment over the five year
period. Sixty three point three per cent of restorations were placed in permanent molar
teeth - 38% in first molar and 25.5% in second molar teeth. Fifty five per cent of
amalgam restorations placed were single surface and, surprisingly, 39% of all
restorations placed in permanent teeth were replacement restorations. However, this
report does not differentiate between true replacement restorations i.e. removal of a
restoration and subsequent restoration placement in an unfilled section of the fissure

pattern of a restored tooth.

1.1.5 Influence of fluoride.
Ainsworth (1933) observed a relationship between reduced caries prevalence
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and the presence of fluoride in the water supply. When fluoride levels were measured
(Churchill 1931) and found to be high, white and brown markings of the teeth were
described. McKay (1933) related the presence of high fluoride levels to these markings
and described the phenomenon as enamel mottling. He had originally observed this
phenomenon in Colorado, U.S.A. in 1916, although similar descriptions had also
come from Naples in Europe (Eager 1902).

Under controlled conditions, fluoridation of the water supply has been shown
to reduce the caries experience by approximately 50%. A similar reduction in the
number of first permanent molar extractions was also recorded. The need for
approximal restorations in maxillary incisors has been virtually eliminated in areas with
water fluoridation (Murray 1976).

The effect of continuous residence and social class on caries experience in a
group of 15 year old children from three areas of the North-East of England was
discussed by Murray et al (1991). It was demonstrated that continuous residence in
the naturally fluoridated area of Hartlepool produced a 32% lower DMF value
(Decayed, Missing & Filled) than could be achieved in the artificially fluoridated city
of Newcastle. When the low fluoride area of Middlesbrough was compared to
Newcastle, it was observed that the DMF was 18% higher and, like Newcastle, there
appeared to be a trend towards more caries in the lower social groups. The naturally
fluoridated area of Hartlepool, however, showed no correlation between caries
incidence and social group.

When Carmichael et al (1980) examined the deciduous dentition in a group of
644 five year old children from the fluoridated city of Newcastle and its non-
fluoridated rural areas, he observed that there was no social class trend in the number
of caries free children in the artificially fluoridated area. In the lower social group,
caries experience in the non fluoridated area was 71% higher than in the fluoridated
area. The authors concluded that fluoridation had its greatest effect in the lower social
classes where there is a higher incidence of approximal caries.

Rock et al (1981) compared the caries experience of two groups of school
children in Birmingham (where the water supply has been fluoridated) and
Wolverhampton (where the water supply contains a low level of fluoride). They
reported on the delayed onset of caries in first molars in the fluoridated area. The delay
was significant compared to the rapid development of post eruption caries found by
other workers. Thylstrup and Fejerskov (1986) analysed data from children who had
been exposed to water fluoridation before tooth eruption and also a group not exposed

40



Chapter 1.

until after eruption of the dentition. They considered that the group exposed to fluoride
after tooth eruption showed disappointing results. They postulated that this was due to
the short length of time the teeth had been exposed and concluded:

"the importance of the pre-eruptive ingestion of fluoride for caries inhibition is
only of borderline significance relative to the much more important post-
eruptive effects".

Lovius & Goose (1969) reported that molars formed in fluoridated
communities were both smaller and had shallower pits and fissures - a feature which
would naturally be of benefit in the reduction of pit and fissure caries. Backer-Dirks
(1966 & 1967) reported caries reduction to be greater on smooth surfaces. This was
re-confirmed by Groenveld et al (1988). A study by Ripa et al (1988) noted an
increasing proportion of caries occurring in pit and fissure surfaces. It would seem
therefore that altered tooth morphology could not explain completely the increasing
proportion of pit and fissure lesions.

Renson (1989) postulated that the observed caries reduction (even in areas
where there had been no fluoridation of the water supply) might be linked to the
increasing use of fluoride containing dentifrices, the market share of which was only
4% in 1970 but rose significantly to reach a 95% share in the British market by 1977.

It was considered previously that fluoridated dentifrices exhibited only a topical
effect (Hill et al 1973). However, enamel mottling was noted by Ericsson and
Forsman (1969) in children whose only exposure to fluoride was from toothpaste.

Barnhart ef al (1974) demonstrated that varying amounts of fluoride were
ingested by children of differing ages: 34.9% was ingested by children between the
ages of 2 and 4 years compared to 2.9% by adults aged 20 to 35 years. More recently,
Ekstrand et al (1983) showed fluoride ingestion from the gastro-intestinal tract could be
rapidly and easily achieved. They demonstrated that twice daily brushing with a
fluoride toothpaste exposed the child to 2 milligrams of fluoride, one third of which
was likely to be swallowed to provide the optimal daily intake of fluoride ion.

The problem of fluorosis - due to ingestion of fluoride from toothpastes - was
addressed by Newbrun (1986) when he reported that the incidence of fluorosis could
be increased by 150% if dentifrices containing 2,500 ppm. fluoride became widely
available without prescription. Stephen et al (1989) concluded that over their three year
clinical trial, designed to measure the efficacy of fluoride containing dentifrices with
differing fluoride concentrations:

"every additional 500 ppm over and above 1000 ppm F would provide a
cumulative 6% reduction in caries increment."
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Marthaler (1973) has argued that caries reduction is greater than that explainable
in terms of anti caries affect due to fluoride dentifrices which would be in the order of
20-30% only.

von der Fehr and Moller (1978) showed that it was not only the fluoride ion,
but also the abrasive elements in the toothpaste, that were important in caries reduction.
Di-calcium phosphate can react with the fluoride moiety to reduce its activity. Silica is
now added as the abrasive to overcome this problem.

The suggestion that ingested fluoride could alter fissure patterns making it more
difficult to diagnose occlusal caries was considered by Sawle and Andlaw in 1982. His
interpretation of the data indicated that this was not the case.

1.1.6. Occult caries.

Recently, there has been recognition of the so called "occult lesion" in which
extensive dentinal caries is present under what appears clinically to be a sound enamel
surface (Ball 1986, Paterson et al 1991). Millman (1984) expressed concern on the
validity of epidemiological data which did not use radiographic evidence to identify
such lesions.

Diffuse radiolucencies in dentine below intact occlusal enamel has become a
worrying and evidently wide-spread phenomenon that has prompted a number of dental
practitioners to voice their anxiety in letters appearing in the dental literature (Millman
1984, Ball 1986, Page 1986, Lewin 1985, Stean 1982).

Occult caries has been related to the presence of fluoride enriched enamel that
could resist acid attack from both the tooth surface and also from below the intact
enamel. Sawle and Andlaw (1988) compared the data from two clinical trials carried
out in 1974 and 1982. The later data from 1982 showed 32.2% of occlusal carious
lesions in molars were diagnosed radiographically whereas eight years earlier only
10.3% of such lesions were diagnosed from radiographs. These data support the view
that the increased use of fluoridated dentifrices makes it more difficult to clinically

diagnose pit and fissure lesions.

Occult caries does not appear to be an entirely new phenomenon. A publication by
Hyatt in 1931 shows a radiographic illustration of:

"how deeply decay may progress at the base of a pit or fissure without giving
any external evidence of its presence".
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1.2. Diagnosis of Fissure Caries.
1.2.1 Histology and chemistry of fissure caries.

The initial lesion of pit and fissure caries occurs bilaterally on the walls of the
fissure (Mortimer 1964). The caries process is initially a surface demineralisation
which is followed by sub-surface loss of calcified tooth structure until the dentine is
reached - the surface layer of enamel remaining relatively intact (Gray 1966).

The products of micro-organism metabolism are responsible for the
demineralisation of the tooth structure. Demineralisation has been shown not to be a
process of continued and gradual progression but to be intermittent with periods of
alternating remineralisation (Silverstone 1977). Saliva represents an excellent
remineralising solution especially when it is charged with the fluoride ion (Silverstone
1971).

The early white spot lesion can be arrested if the balance is tipped in favour of
remineralisation (Kidd 1984). Koulourides et al (1980) reported that in vivo research
showed that not only could the early white spot lesion be remineralised but that the
arrested lesion was more resistant to further demineralisation. They termed this
phenomenon "cariogenic priming". Clinical evidence of this was provided by Joyston-
Bechal and Kidd (1981) who observed that white spot lesions in premolar teeth of
young patients were more resistant to acid attack than neighbouring sound enamel.
Histological evidence of remineralising lines were shown at the advancing front both
superficially and within the lesion (Kidd 1983). Silverstone et al (1981) showed that a

lesion could arrest even if only the surface zone remineralised.

1.2.2. Detection of Fissure Caries: Preparation of the teeth and the
detection of fissure caries by visual inspection alone.

The importance of lighting, cleanliness of the teeth and examiner concentration
was emphasised by Jackson (1950) who set out a routine procedure for caries
diagnosis designed to reduce error.

The site of the lesion on the side walls of the fissure prevents direct inspection.
However, detection of fissure caries by simple inspection has been considered by a
number of authors. According to Kénig (1966) the extent and intensity of the surface
discolouration in a fissure is approximately proportional to the histological changes in
the dentine underlying the enamel. Steep cuspal incline angles appear to be associated
with the development of fissure caries (Konig 1963) although Rotgans et al (1979) was
unable to demonstrate any relationship in a population where the caries prevalence was
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low. The correlation between the presence of dentine caries and diagnosis by
inspection using a blunt probe has been demonstrated to be “fair” (Downer and
O’Mullane 1975). On 15% of occasions, teeth clinically diagnosed as having fissure
caries were found to be caries-free on histological sectioning.

A purely visual examination depends on demineralised enamel scattering light
differently compared to surrounding sound enamel. Brinkman et al (1988) developed
an optical instrument to measure quantitatively the intensity of scattered light. This
allowed measurement of mineral loss in smooth surface lesions. The optical needle
consisted of two bundles of fibres to deliver and collect the scattered light.

Bjelkhagen et al (1982) photographed the difference in luminescence between
intact and carious enamel. He illuminated the smooth surfaces of teeth with light from
an argon laser and photographed the reflected light. A filter was placed in front of the
camera to eliminate all light with wavelengths less than 540nm. He showed that this
technique was useful for the detection of occlusal lesions not otherwise detected by
clinical examination alone.

Neilson and Pitts (1991) described the positive correlation between free smooth
surface caries and pit and fissure lesions. One thousand one hundred and fifty one 13
year old subjects with at least one free smooth surface lesion (40% of the total sample
group) were followed over a three year period. The authors demonstrated that where
patients had decalcified smooth surface lesions that could be easily observed on clinical
examination, a similar situation was likely to exist on the unseen walls of the fissures.
They recommended patients in this category undergo radiographic assessment.

1.2.3 Use of the probe in detection of fissure caries.
Early texts advocated the use of sharp probes to diagnose fissure caries. Thus
Parfitt and Herbert (1955) observed:

"with the occlusal surface of molars, experience shows that unless a fine sharp
point can be made to stick into a fissure there is a very small chance of caries
being present."

As recently as 1970 Pickard noted that:

"caries starting in an anatomical pit or fissure is best appreciated by a certain
'stickiness' on probing".

Recent survey data in a group of Scottish general practitioners (Paterson et al
1990) showed that 30-50% still used stickiness to the probe as the main method of
diagnosis of pit and fissure lesions. Weerheijm et al (1989) recommended the use of
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light, mirror and probe as the principal diagnostic tools for detection of occlusal
caries. They did, however, observe that there was no ideal method of detecting the
presence and extent of pit and fissure caries.

Sognnaes (1940) observed that the accurate diagnosis of caries involved rather
more than the use of the probe. He based this conclusion on a study in which he
examined a series of children in 4 successive stages:

a. Mirror and probe alone.

b. Drying the teeth before use of the mirror and probe.

c. Cleaning and drying the teeth before use of mirror and probe.

d. Mirror and probe examination after cleaning and drying plus

radiographs.

He noted that after drying of the teeth 20.8% more lesions were detected.
Cleaning before drying produced a further increase of 9.7% in the number of detected
lesions. Unfortunately, in the tabulated results the lesions were not classified by type
i.e. into smooth surface and pit and fissure lesions.

The importance of using standardised probes was recognised by Miller and
Atkinson (1951) who developed replaceable machine made probe tips in order to ensure
that inaccuracies did not arise as a result of the distortion in shape and reduction in
length of instruments following repeated sharpening.

The relationship between "stickiness" on probing and the shape and size of the
probe tip and the fissure being examined was commented upon by Parfitt (1954). He
observed that some deep and narrow fissures gripped the probe tip when no caries was
present while in other instances caries in dentine was far advanced before stickiness
was apparent.

A more extensive investigation of the value of the probe in the diagnosis of
fissure caries was carried out by Miller and Hobson (1956). In a preliminary study,
three clinicians examined a group of 30 children on two separate occasions. At the first
visit, a standard probe was used and at the second examination, a probe with
replaceable tips was employed. They concluded that the probe with replaceable tips
provided a more reliable and reproducible form of diagnosis. A further more extensive
study followed in which a series of lower molars were examined in detail by one of
three dental surgeons using replaceable probe tips which were discarded after the
examination of 7 patients. Radiographs were taken and read by an independent
examiner. Data from this initial examination led to the conclusion that in this study,

radiographs rarely allowed a diagnosis of occlusal caries before it was clinically
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obvious. In follow up examinations, carried out at 6 monthly intervals, two standards
of caries were defined:

i) Caries - "Sticky". A probe with light pressure in a pit or fissure required a

definite pull for removal.

ii) Caries - requiring filling.

A total of 380 “sticky” fissures were observed of which well over half were
detected within 12 months of eruption of the tooth. Over a 41 month follow up period
70% of these sticky fissures became carious. It must be emphasised that this result was
achieved with strictly defined criteria for the examination of the patient using
standardised probe tips which were replaced after every 7 cases.

The possibility that probing of fissures to diagnose caries may produce damage
to the enamel surfaces was investigated by Ekstrand et al (1987). Their study was
carried out using 10 young adults who were scheduled to have their newly erupted
wisdom teeth extracted. One tooth in each patient was selected at random and clinically
examined with a new dental probe which was applied at several angles to all pits and
fissures. The results demonstrated that the use of probes may produce irreversible
traumatic defects in demineralized areas in occlusal fissures which would favour the
progression of the carious lesion.

van der Laan-van Dorp and Exterkate (1986) discovered during in vitro testing
that the use of probes resulted in a greater rate of caries progression. Their work was
carried out using incipient artificially induced carious lesions in fissures. These lesions
were created in extracted bovine incisors by preparing a fissure along the labial surface
using a diamond disc. A gel containing phosphoric acid was then used to decalcify
designated areas of the fissure surfaces. More rapid involvement of the underlying
dentine occurred after probing the fissures.

Bergman and Linden (1969) reported that the use of the dental explorer on
arrested caries could irreversibly damage fissure surfaces and transfer cariogenic micro-
organisms to non-infected pits and fissures.

A study by Lussi (1991) discussed the differences in fissure caries diagnosis in
vitro with and without the use of a dental explorer. Sixteen general dental practitioners
and eighteen hospital dentists were asked to examine specified areas on 61 extracted
molar and premolar teeth - only ten of the hospital dentists were allowed to use a probe
while the other participants relied on visual inspection alone. Twelve examiners were
asked to repeat the exercise a week later to assess reproducibility. Teeth were then
sectioned for histological examination.
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The sensitivity and specificity of caries diagnosis was not significantly different
between the two groups of examiners. Reproducibility was found to be highly
significant but the author concluded:

"Correct diagnosis of fissure caries seems to be quite difficult, be it by visual
technique only or with the additional help of an explorer."

1.2.4 Use of radiographs in the detection of fissure caries.

X-rays were first discovered by Wilhelm Conrad Roentgen in 1895 according
to Whaites (1992). The potential for caries diagnosis was reported by Bodecker and
Bodecker (1912). The first x-ray machine for dental use did not appear until 1917 and
nine years later, the bitewing film was described. In 1934, Anderson et al
documented the first clinical trial which made use of radiographic techniques.

As carious lesions absorb less radiation than the surrounding sound mineralised
dental tissues, they appear darker on roentgenographic film. Assessment is only a
semi-quantitative measurement and is therefore open to error.

The use of intra-oral radiography is invaluable for the diagnosis of approximal
carious lesions. This led Backer-Dirks et al (1951) to abandon clinical examination
and rely entirely on radiographic evaluation. This was considered to provide a higher
degree of intra- and inter- examiner agreement. Similar high degrees of consistency
were not reported, however, when this situation was applied to the diagnosis of fissure
caries (Miller and Hobson 1956).

The use of intra oral radiography as a diagnostic tool to determine the presence
of pit and fissure caries has been the subject of much debate.

Galagan and Vermillion (1956) reported the diagnosis of occlusal caries by
radiographic means to be a clinical rarity while Wuehrmann et al (1969) suggested:

"The diligent use of a mirror and explorer will ordinarily detect occlusal caries
before it becomes observable radiographically”.

King and Shaw (1979) were able to detect 96% of fissure caries from a clinical
examination alone while the use of bitewing radiographs recorded the presence of only
33% of these lesions. Wenzel et al (1991) demonstrated that only half of the caries
lesions present in histological sections was detectable radiographically. However,
more recently the use of the bitewing radiograph in the detection of occlusal caries has
become more common. Weerheijm ef al (1989) concluded that bitewing radiographs
could constitute a valuable addition to the individual clinical examination and advocated

the use of bitewing radiographs for adolescent patients on fluoride supplements.
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Creanor et al (1990) examined bitewing radiographs in a 2623 subjects aged
between 14-15 years who were taking part in an anti-caries dentifrice trial in the West
of Scotland. They reported that in 12.1% of the lower molars and 3.1% of upper
molars which were judged to be clinically sound, radiographic evidence of dentine
caries could be shown. They considered that their data provided further support for the
view that increased use of fluoride resulted in maintained integrity of occlusal enamel
overlying the spreading dentine lesion.

Paterson et al (1991) observed that while the bitewing radiograph was of little
value in the detection of the early occlusal lesion - because of the fissure morphology -
it was an important method of screening for occult lesions. The concept of a change in
the features of the occlusal lesion leading to increased diagnostic difficulty has also
been discussed by Sawle and Andlaw (1988).

In one of the few recent clinical studies designed to determine if the nature of
occlusal caries was changing, Weerheijm et al (1989) looked in detail at 26 molar and
premolar teeth with virtually intact enamel, from 10 patients aged between 11 and 18
years. Twenty of these had caries extending into the dentine. In 2 teeth, despite an
apparently totally intact enamel surface, extensive dentine lesions were demonstrated.
The authors concluded that the mirror, light and probe must remain the principal
diagnostic tools supported by the bitewing radiograph in individual cases.

1.2.5 Other methods of fissure caries detection.

The presence of demineralised enamel fissures can be used in two further

methods of caries detection.
a/ A method of electronically detecting caries was first described by Pincus in
1951. Detection using this method can be explained by increased conductivity of the
tooth structures when microscopic voids, created by the initial caries process, become
filled with saliva. The resistance of the tooth structure to the passage of a small battery
generated current could be used as a diagnostic aid. The technique was improved by
Mayuzami et al (1964) and White et al (1978).

A report by Rock and Kidd (1988) compared in vivo electronic detection with
histological evidence of caries following extraction of the tooth for orthodontic reasons.
Their results showed that the apparatus had a specificity of 85%: meaning that on only
15% of occasions did the machine not indicate a sound tooth. On 70% of occasions the
machine correctly indicated the presence of fissure caries (sensitivity). Rock and Kidd
concluded that as the apparatus could detect natural developmental areas of
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hypomineralisation as described by Gwinnet (1966), it could be used to monitor the
effect of a caries control programme on the arrest of early carious lesions.

Previous work with this diagnostic system compared results with those
obtained where sharp dental explorers were used (White ef al 1981). This method has
been shown to be inaccurate.

b/ The wetting of the enamel surface by dyes was first reported by Jansen and
Visser (1950) who found that although sound enamel would take up dye with time, a
carious lesion with its increased porosity would allow dye uptake more readily. More
reactive calcium ions bond with carboxylic and sulphonic acid side groups on the dye.
Brooke et al (1972), Owen and Rawls (1972) and Rawls and Owen (1978) showed
that only a few minutes exposure was required for staining of carious enamel to occur.
Sullivan (1954) reported the stained lesion to contrast with the white background of the
tooth surface, thus improving the operator's diagnostic ability.

Hardwick and Manley (1952) showed the value of the technique as:

" an indicator of incipient caries which had not progressed to the stage where
clinical manifestations occur”.

Calcium ions released from a lesion may form chelates with dyes. 8-
hydroxyquinoline was reported by Konikoff and Lyles (1969) to chelate with these
calcium ions and to subsequently fluoresce when excited by application of ultra-violet
light. Many of the indicators and solvents used have commercial applications for
industry. However, they were toxic, flammable and unsuitable for use in clinical
dentistry. Their clinical use as a diagnostic system has not found universal favour - the
dyes used having been found to stain plaque in pits and fissures, therefore making the
detection of incipient lesions impossible. They have also been shown to react with the
enamel and therefore have the major disadvantage of not being easily removed
following detection.

Transillumination is a relatively old procedure, but the use of fibre-optics has
allowed the illuminating energy to be more easily utilised in all areas of the mouth
(Friedman and Marcus 1970). FOTI (Fibre Optic Trans Illumination) has been shown
to be less sensitive than bitewing radiography in the detection of early carious lesions
on approximal surfaces (Mitropoulous 1980). However, once the lesions have
progressed into the underlying dentine, Nyvad et al (1980) have described the
technique as being almost as reliable as bitewing radiography. This technique,
however, is non invasive and free from the possible health hazards of ionising

radiation.
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Dooland and Smales (1982) reported indifferent results in detection of occlusal
lesions when low intensity transillumination and high intensity fibre-optic systems were
used to inspect 397 molar teeth in primary school children attending a School for Dental
Therapists in South Australia. The high intensity light appeared to perform better than a
low intensity model. Deep narrow fissures blocked the transmission of light more
effectively than wide shallow fissure systems. In all cases the tooth required to be
reasonably dry. Only four additional lesions were found that had not been previously
diagnosed by clinical inspection.

Stephen et al (1987) found that fibre optic transillumination could result in the
over diagnosis of approximal lesions due to the presence of flaws in the enamel. The
use of FOTI in the posterior dentition was of some benefit only if radiographs were not
available. In such instances diagnosis of approximal caries was improved by 48%.

1.2.6 Clinical management of fissure caries.

A review of the assessment and clinical management of early caries was
presented by Elderton (1985b). He noted that there were no objective tests which
would allow the diagnosis of active caries in a fissure and observed that clinicians had
to rely on their subjective judgement of any hard tissue changes. The earlier work of
Miller and Hobson (1956) was cited as evidence that early lesions manifested by
"stickiness" in fissures did not all proceed to large dentinal lesions.

In Elderton's view, the management of pit and fissure lesions differed from
that of smooth surface lesions in that it was inappropriate to adopt any type of "wait and
watch" approach. When caries could be demonstrated in dentine, an invasive approach

had to be adopted and a glass ionomer, composite resin or amalgam restoration placed.
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1.3 The validity of diagnosis of fissure caries lesions by groups of
Clinical Community Dental Officers and General Dental
Practitioners: Comparison of an in vitro model and in vivo

results.
1.3.1 INTRODUCTION

Diagnostic difficulties

As caries prevalence falls in the population and the proportion of pit and fissure
caries rises, there must be greater emphasis placed on the correct diagnosis of Class I
caries lesions. The traditional use of the dental probe in fissure caries diagnosis has
been questioned and it has been suggested that a non invasive visual technique should
replace it to avoid the danger of enhancing the incipient lesion.

Other non invasive techniques e.g. Fibre Optic TransIllumination and the
measurement of the electrical resistance of the tooth have been investigated, but none
has been universally adopted.

Radiography of the posterior teeth has a high sensitivity in the diagnosis of
approximal caries but its use in the detection of occlusal lesions has been investigated

and found lacking with the exception of the diagnosis of occult lesions.

Problems associated with diagnostic difficulties.

Diagnosis of pit and fissure caries therefore must account for a considerable part
of the daily diagnostic routine of most dentists. Dental Health Educators and most of
the general public (Levine 1985 and Todd et al 1982) believe that a regular dental
examination plays an important part in preventing dental disease. Accurate diagnosis is
essential in providing our patients with the best possible care but it has been reported
that there is a problem identifying which teeth require placement of restorations
(Elderton & Nuttall 1983, Merrett & Elderton 1984 and Elderton 1984). Kay et al
(1988) and Weerheijm (1989) demonstrated that the detection of small occlusal lesions
was difficult.

Restorative decisions taken by practitioners now influence the dental health on a
population basis. When the prevalence of dental caries was very high, caries swamped
the dental indices. Nowadays, the filled component of the dental health indices make
the greatest impact.
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1.3.2 Aims of the current study.
In the present study a group of Community Dental Officers and General Dental
Practitioners practising in the Greater Glasgow and Lanarkshire Health Board areas

were asked:

1. To list their treatment decisions for 35 extracted molar teeth - initially without
radiographs.

2. To record any modification to those decisions that they considered appropriate

after review of the radiographs of these teeth.
3. To record their clinical treatment decisions taken in a large field trial designed to

assess the performance of sealant restorations in the management of fissure

caries.
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1.3.3 MATERIALS AND METHODS.

Tooth selection.

Thirty-five human molar teeth with no smooth surface caries were selected for
inclusion in the trial. Storage of the molar teeth in a saline solution prior to the
investigation did not exceed six months. The teeth were mounted in numbered acrylic
blocks and cleaned with a pumice slurry. A clinical photograph and radiograph were
taken of each tooth. They were kept moist throughout the trial period. The teeth were
selected after careful visual examination so that balanced numbers of clinically obvious
sound teeth, teeth with evidence of decalcification in the fissure pattern and teeth with
cavitation were included in the sample.

Participating operators.

Twenty five dentists participated in the investigation: 12 General Dental
Practitioners and 13 Clinical Community Dental Officers. The dentists were asked to
examine the occlusal, buccal and palatal pits and fissures of the sample teeth using a
standard operating lamp. They were allowed to use compressed air for drying the tooth
surfaces and note was taken of the method of diagnosis used i.e. visual inspection

alone or visual inspection in combination with tactile probing.

Treatment decisions.
Each dentist was asked to make a treatment decision which could include:

* investigation of the fissure and placement of a restoration;

* fissure sealing the pits and fissures;

* performing no treatment.
Decisions were based on the assumption that the specimen was a first permanent molar
and came from a 12 year old with a good attendance record and with a moderate caries
experience i.e. having two other restorations in the mouth and there being two other
caries lesions present in other teeth. After the initial treatment decision, the dentists
were provided with radiographs of the tooth specimens and asked to note any change in

treatment decision based on the new evidence.
Validating criteria.

Once all the operators had inspected the teeth, the samples were serially
sectioned perpendicular to the surface with a diamond disc and water spray coolant and
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the sections were again photographed. The sectioned teeth were examined under
magnification of 10X to determine if caries was present in dentine or enamel based on
the serial sections. Decalcification of the side walls of the fissure was scored as an
enamel lesion while spread of the decalcification at the enamel-dentine junction was
scored as a dentine lesion.

The sectioned tooth was considered to be the validating criteria against which
the evaluation of the treatment decisions made by the two operator groups was made.

Sensitivity and specificity values were calculated for each operator (Krasse
1988) and, in addition, the number of correct treatment decisions were noted. The
results were analysed for differences between the two operator groups and for
differences between vision and probe users and those operators who diagnosed using a

visual inspection routine alone.
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1.3.4 RESULTS.

Treatment decisions for each molar tooth sample.

In Figures 1.1 and 1.2 the treatment decisions made for each of the molar tooth
samples are shown graphically. The samples marked with an asterisks are those which
were considered to be free from dentinal caries when serially sectioned and examined
under a magnification of 10X. In Figure 1.1, tooth number 11 would have been
restored by 56% of the dentists yet was found to be free from caries when sectioned.
Conversely, tooth number 15 was found to have dentine caries yet would have been
investigated by only 24% of the operators. Figure 1.2 shows the frequency of
treatment decisions after the operators were able to assess radiographs of the extracted
molar teeth. Eight more operators (32%) would have investigated tooth numbers 52
and six more operators (24%) would have intervened in tooth number 4. These molars
both had established dentine caries.

Influence of the specialty in which the operator worked.

Table 1.1 indicates the number of teeth each operator considered should be
investigated and the total number of correct decisions decided after the examination of
the sectioned tooth. When statistically evaluated using Kruskal Wallis test, no
significant difference was found between the CDO's and the GDP's on the number of
decisions on teeth requiring investigation. Similarly, using Wilcoxon's Signed Rank
test no significant difference was found between the decisions taken with and without
examination of a radiograph. The decisions not to investigate included those occasions
where fissure sealing was advocated. This non-invasive procedure was considered

correct if there was no caries lesion in dentine.

Sensitivity and specificity values.

The sensitivity and specificity for each operator is presented in Table 1.2 Most
operators diagnosed with greater specificity than sensitivity. 73.7% of the probe users
had higher specificity than sensitivity while the validity of those operators who
diagnosed by a visual inspection alone was 79.5% and that of the operators using a
visual and tactile method was 80.1%. When radiographs were used in the diagnosis,
8 of the 25 operators (32%) had their sensitivity lowered and 5 dentists (20%) had
specificity values reduced.
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without radiographs

with radiographs

Investig. [Non-invig| Total Invest |Non-inv| Total
Operator | Diag. |decisions | decisions| correct |decisions| deci- correct
Number | Method | Max 35 | Max 35 |decisions| Max 35 | sions | decisions
Max 35 Max 35| Max 35
1 V+P 19 16 31 20 15 32
2 V+P 11 24 27 12 23 28
3 V+P 10 25 26 12 23 28
4 V+P 22 13 26 24 11 28
5 V+P 12 23 28 13 22 29
6 \% 26 9 28 26 9 28
7 V+P 17 18 27 12 23 28
8 A% 14 21 26 17 18 25
9 V+P 16 19 28 19 16 30
10 V+P 13 22 29 15 20 31
11 A% 17 18 27 19 16 24
12 V+P 11 24 27 10 25 26
13 V4P 22 13 28 20 15 28
14 v 19 16 29 19 16 29
15 V+P 20 15 30 20 15 30
16 V+P 14 21 27 13 22 28
17 V+P 18 17 28 17 18 29
18 V+P 13 22 29 12 23 28
19 \% 20 15 30 20 15 30
20 V+P 16 19 30 14 21 28
21 V+P 18 17 28 16 19 26
22 V+P 14 21 28 14 21 25
23 A% 21 14 27 19 16 27
24 V+P 24 11 28 23 12 29
25 V+P 16 19 28 20 15 28

Operators 1 - 13 Clinical Community Dental Officers

Operators 14 - 25 General Dental Practitioners

V = Visual Inspection

V + P = Visual Inspection and Probe

Table 1.1

Total and number of correct treatment decisions taken by
each dentist.
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Sensitivity Speciicity
Operator Number without with without  with
radiographs radiographs
1 V+P 89.5 94.7 875 87.5
2 V+P 579 632 100 100
3 V4P 526 632 100 100
4 V+P 84.2 947 62.5 62.5
S V+P 63.1 684 100 100
6 V 100 100 56.2 56.2
7 V+P 73.8 579 81.2 93.7
8 V 73.7 789 100 87.5
9 V+P 73.7 84.2 875 81.2
10 V+P 68.4 78.9 100 100
11 V 737 474 81.2 375
12 V4P 579 526 100 100
13 V+P 89.5 84.2 68.7 75.0
(Ave) (73.7 74.5) (86.5 83.2)
14 V 842 842 812 81.2
15 V+P 89.5 89.5 81.2 81.2
16 V+P 68.4 68.4 93.7 100
17 V+P 789 789 812 87.5
18 V+P 68.4 63.2 100 100
19 V 89.5 89.5 81.2 81.2
20 V+P 789 684 93.7 93.7
21 V+P 789 684 812 81.2
22 V4P 684 632 937 875
23 'V 84.2 78.9 68.7 75.0
24 V+P 947 94.7 62.5 68.7
25 V+P 73.7 84.2 875 175.0
(Ave) (79.8 77.6) (83.8 84.3)
Overall Means: 76.6 76.0 85.2 83.7

1 - 13 Clinical Community Dental Officers

14 - 25 General Dental Practitioners

V = Visual Inspection

V + P = Visual Inspection and Probe

Table 1.2  Validity of dentists' treatment decisions in terms of
sensitivity and specificity with and without the use of

radiographs.
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1.3.5 DISCUSSION

Differences between diagnostic methods.

There has been considerable discussion within the profession about the best
diagnostic technique for pit and fissure caries. A number of literature reports illustrate
some of the difficulties. Probing of pit and fissure surfaces has been shown to enhance
the breakdown of the enamel surface in early lesions favouring their progress (Ekstrand
et al 1987). The use of the dental explorer has been shown to introduce cariogenic
bacteria into the fissure system (Bergman and Linden 1969). Although Lussi (1991)
observed that the use of the dental probe produced a higher specificity than those using
vision alone as a diagnostic method, he reported this to be statistically insignificant.
He argued that operators using the dental explorer would be more likely to correctly
diagnose sound teeth. In his view, this was due to the explorer failing to stick in the
fissures of sound teeth. The relationship between "stickiness" on probing and the
shape and size of the probe tip and the fissure being examined was commented upon by
Parfitt as long ago as 1954. Parfitt observed that some deep and narrow fissures
gripped the probe tip when no caries was present while in other instances caries in
dentine was far advanced before stickiness was apparent.

Difficulties in diagnosing occlusal caries may be caused by the remineralisation
of the fissures in the presence of fluoride. Caries can then extend into dentine with an
intact enamel surface (Sawle and Andlaw 1988 & Weerheijm 1989). With increased
use of fluoridated toothpastes, Sawle and Andlaw (1988) demonstrate radiographically
that there was an increased number of clinically undiagnosed caries lesions. Drying of
the teeth was reported to be vital in demonstrating opacities around fissures (Lussi
1991) yet this is difficult in the conditions of a paediatric clinical practice.

Differences among operator groups.

Kay et al (1988) used an in vitro method similar to that used in the first part of
the current study to compare treatment decisions taken by dentist from different hospital
departments. They suggested that variation between dentists arose from personal
idiosyncrasies rather than from any influences of the speciality of the dentist. In the
present investigation, the results from groups of dentists working as General Dental
Practitioners and Clinical Community Dental Officers were compared. No differences
were found in either sensitivity or specificity, but the group of Clinical Community
Dental Officers advocated more fissure sealants be placed than did the General Dental
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Practitioners. Kay et al (1988) also observed that as the prevalence of caries falls so
does the predictive power of a screening test. They recommended that questionable
lesions should be placed on routine review or preferably should be fissure sealed.
Handelman (1976) concluded that pit and fissure sealants could safely be used without
cavity preparation in the management of occlusal caries because there was a reported
reduction in the viable bacterial count of fissure caries under intact fissure sealant
(Jeronimus et al 1975). Theilade et al (1977) attributed this effect to the close hermetic
seal obtained between the resins used for sealing and the etched enamel surface. When
the integrity of the seal was tested by Jensen and Handelman (1978) using radioactive
isotopes, it was discovered that no movement of fluid or ions took place. Long term
performance of fissure sealants have been reported with complete retention of sealant
after 10 years ranging from 42 to 80% (Simonsen 1987 & Wendt and Koch 1988).
Simonsen (1987) reported that only 15.6% of sealed surfaces had developed caries or

been restored after 10 years.

Sensitivity and specificity values.

In the studies by Kay et al (1988) and Lussi (1991) it was demonstrated that the
operators had higher specificity than sensitivity. Similar observations were made in the
present study, with the overall specificity similar to that achieved by Lussi (1991) -
88% compared to 83%. This means 88% of the sound teeth were correctly diagnosed
while the remaining 12% were misinterpreted. The consequences of this is the needless
filling of sound teeth and committing them to a "repeat restorative cycle" where they
may have a lifetime of repair and extension (Elderton 1977). The sensitivity in this
investigation was higher than that achieved by either Kay et al (1988) or Lussi (1991).
Seventy-four percent of the sample molar teeth were correctly identified as requiring
placement of fillings. This means 26% of carious molars were left with caries
untreated, i.e. the dentists were under - diagnosing rather than over - diagnosing. As
routine dental examination is regarded by patients as an important method of preventing
dental disease (Todd et al 1982) it is important not to place restorations in sound teeth.
The Inquiry into Unnecessary Dental Treatment (1985) indicated that it was preferable
to have a screening method that allowed some carious lesions to go unfilled rather than
risking filling sound teeth.

In the current study the differences between the specificity and sensitivity values
obtained by operators using a visual inspection alone and those also using the probe
were not statistically significant. In view of the report by Ekstrand et al (1987) of
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potential damage to the enamel surfaces on the fissure walls, it would appear prudent
to discontinue use of the probe in diagnosis of fissure caries since it produces no
improvement in diagnostic accuracy. Elderton (1983 & 1984) and Merrett and Elderton
(1984) suggested the diagnostic methods used did not influence the ability to diagnose
fissure caries.

Visual inspection of pits and fissure on the occlusal surface of extracted molar
teeth was not an entirely reliable diagnostic method for caries: the molar in sample 11
was caries free yet would have been investigated by 56% of the operators involved;
when the tooth in sample 15 was serially sectioned it was found to contain dentinal
caries which only 24% of the dentists would have elected to restore. Although there
was unanimous decision to investigate nine of the sample teeth, there were differing
views as to which teeth required restoration with the remainder of the sample.

In the in vitro situation, the use of a visual inspection method of caries

diagnosis is equivalent to the traditional method of diagnosis using the dental explorer.
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1.4 The Prediction of the Extent of Caries in Pit and Fissure
Lesions in a Field Trial in the West of Scotland.

1.4.1 INTRODUCTION

Changes in caries prevalence.

A number of letters to dental journals have observed the difficulty in accurately
diagnosing fissure caries. The reason underlying this was termed the “fluoride
syndrome” where fluoride enriched surface enamel resisted breakdown until the
underlying dentine caries was extensive and advanced: a condition known as “occult
caries”.

Some studies have examined patients using different diagnostic techniques and
compared the results with either radiographs or the extracted teeth which were serially
sectioned and examined ( e.g. Ekstrand et al 1987) . The possibility of damage to the
enamel surface caused by probing fissures has been demonstrated. Currently many
authorities advocate a non invasive inspection of the cleaned and dried tooth surface.
The results from the previous study indicated no difference in the sensitivity and
specificity values for operators using:

* visual inspection alone

* visual inspection plus the probe
In addition, when bitewing radiographs were studied during the caries diagnosis
examination in section 1.3, no improvement in the accuracy of the diagnosis was

observed. In the current study, the same two groups of operators were used.

The aim of the current study.

It would appear that there may be increasing difficulty with the detection of
active caries in pits and fissures. The majority of reports to date have concerned either
in vitro studies using extracted teeth or very small numbers of patients being treated
under closely supervised conditions. There does not appear to be any data available
from practitioners providing a routine care service for children and young adults.

A large field trial designed to evaluate the performance of sealant restorations in
the management of fissure caries has been carried out. These restorations were placed
by Commmunity Clinical Dental Officers (CDOs) and General Dental Practitioners
(GDPs) in the West of Scotland, using their normal methods of diagnosis and
techniques for the placement of the restorations. They were placed in occlusal, buccal
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and palatal pits and fissures of molar and premolar teeth in the permanent dentition. All
of the operators had used the Scottish Office Distance Learning Programme "Trends in
the Management of Fissure Caries" (1989). This argued the case for the preventive
management of fissure lesions. Diagnosis of caries was based on an assessment of the
overall caries risk, followed by careful inspection of the cleaned, dried tooth and of
bitewing radiographs. The application of fissure sealant was advocated for stained and
decalcified fissures without evidence of cavitation or dentine caries on a radiograph.
Where an active lesion was suspected the investigative cavity approach first advocated
by Simonsen and Stallard (1977) in their description of the Preventive Resin
Restoration was recommended. Where the lesion was limited to enamel, it was
suggested that the cavity was restored with composite resin and fissure sealant. If the
cavity extended into dentine but did not show significant lateral spread at the enamel -
dentine junction, a combination of glass ionomer cement and fissure sealant was
advocated. For the more extensive lesion with lateral spread resulting in the margins of
the final restoration being in occlusion, a glass ionomer base and a posterior composite
restoration, followed by sealing of the remaining fissures was described.

As each restoration was registered, participants recorded the extent of the lesion
found in enamel and dentine and whether the cavity size was as predicted, larger or
smaller than expected.
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1.4.3 MATERIALS AND METHODS.

A field trial of sealant restorations.

The field trial was based upon 14 CDOs working for the Greater Glasgow and
Lanarkshire Health Boards and 19 GDPs from Greater Glasgow, Lanarkshire and
Ayrshire & Arran Health Board Family Practitioner Lists. All the participants were
volunteers: no attempt was made to select the participants.

Participating operators monitored their use of the sealant restoration technique
through the use of a specially designed registration card system. This recorded the
details of the tooth and clinical findings during the operative procedure. Operators were
asked to record if the cavity extended into dentine or remained within enamel. In
addition, the size of the completed cavity was compared with that estimated by the
operator before the restorative procedure commenced.

Sealant Restorations were classified using the nomenclature adopted in "Trends
in the Management of Fissure Caries". Cavity size and type of sealant restoration
selection criteria are shown in Table 1.3

In type 2 - 4 lesions, the extent of caries was determined after the preparation
of an investigative cavity (designed to remove the caries only) with a small bur.

At the outset of the trial all the participants were interviewed to determine the
clinical techniques routinely used for the diagnosis of pit and fissure caries.

All of the participants recognised the importance of cleansing and drying the
teeth before examination. All were using adequate operating lights. Blunt ended

epidemiological probes were not available to the participants.
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Type Indication Materials Suggested

1 Stained/decalcified fissures. [Fissure Sealant applied.

2 Lesion limited to enamel after{Composite resin + Fissure Sealant.
biopsy.

3 Biopsy shows caries just into[Glass Ionomer cement + Fissure
dentine. Sealant.

4 Biopsy shows extensive caries|Glass ionomer cement base +
in dentine. Composite resin +

Fissure Sealant.

Table 1.3 Types of lesion / Sealant Restoration used in pit and fissure

caries.
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1.4.3 RESULTS.

Distribution of Teeth.

Figure 1.3 shows the distribution by tooth of the 1052 Sealant Restorations
placed in the field trial. As would be expected in the 6 to 14 age group, the
restorations have been placed predominantly in first permanent molar teeth, with the

majority of the remainder placed in second molars.

Distribution of sealant restoration types.

Figure 1.4 shows the distribution of the types of restoration. Type 1
restorations (i.e. Fissure Sealant alone placed over stained and decalcified fissures) did
not involve any cavity preparation and therefore are excluded from the subsequent data.

The methods of diagnosis used by the participants are presented in Table 1.4.
Six of the 14 CDOs (43%) did not routinely use bitewing radiography and eleven
(79%) still routinely used the dental probe. One GDP did not use radiographs routinely
and the probe was used in diagnosis by 84% of the group.

Figures 1.5 - 1.7 show the results of the cavity size prediction in the types 2, 3
and 4 restorations respectively. Accuracy in cavity size prediction was 58 -75% for the
type 2 restorations (used where the lesions was limited to enamel).

With the larger type 4 restorations, (used where there was extensive dentine
involvement), the accuracy of cavity size prediction fell to 28 - 41%. In the smaller
restorations, the majority of the errors in cavity size prediction were that the cavity was
smaller than expected. With the larger restorations, the opposite was true with 52 -
69% of the cavities being larger than expected.

Statistical comparison using the Chi-square test shows no significant difference
between the accuracy of prediction of cavity size between the operators using the probe
and those using only visual inspection for the types 2 and 4 restorations (P > 0.05). In
type 3 cavities (i.e. lesions extending just into dentine), a visual inspection technique
alone proved not only to be more accurate in correctly estimating cavity size but also to
have fewer cavities larger than expected than either of the other two diagnostic
techniques involving use of the probe (P < 0.05).

Figure 1.8 depicts the summated data for the types 2 to 4 restorations. This
shows that the overall number of restorations where the cavity size was as predicted by
the operators was approximately 50% ( range 48 - 57%). There was no statistical
difference in the accuracy of prediction achieved by the different diagnostic methods.
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Chapter 1.

Visual ~ Visual + Visual
+ Probe + +
Probe Bitewing Bitewing
Community
Dental 6 5 3
Officer
General
Dental 1 15 3
Practitioner
Totals 7 20 6

Table 1.4  Diagnostic methods used by the two groups of operators to
detect fissure caries (n = 33).
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Chapter 1.

Sensitivity and specificity values were tabulated by cavity type and by
diagnostic method of caries detection. Sensitivity values were generally higher in the
group of operators who did not use the probe. With increasing cavity size, the
specificity improved but the low value for all diagnostic methods reflects the generally
poor accuracy with which the size of cavities was estimated (see Tables 1.5.1 and
1.5.2).

A comparison of the validity scores for the same group of participating
operators is shown in Figure 1.9, where sensitivity and specificity values are shown
for the in vitro estimation of cavity size (and treatment) and the current in vivo study.
Lower values were observed in the in vivo estimation of cavity size.

In Table 1.6 the distribution of "larger than expected" lesions among the four
quadrants is shown for the first and second molar teeth. There are significant
differences in the number of accurately predicted large cavities in each quadrant.
Accuracy of prediction of larger cavity size was significantly lower for the first molar in
the lower right quadrant (P <0.01). If accuracy of cavity size prediction is considered
for second molar teeth, there is significantly less accuracy in size prediction in both
mandibular second molars when compared to their maxillary counterparts (P < 0.01).
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Smaller As Expected Larger

Type V+P |V+P+B| V+B V+P |V+P+B| V+B V+P |V+P+B| V+B

2 12 14 10 30 33 31 10 7 1
(23%) | (26%) | (22% | (58%) | (61%) | (75% | (19%) | (13%) | (3%)

3 1 11 16 36 37 | s8 17 30 17
(1%) | @%) | 16% | 67%) | 47%) | 64% | (31%) | (39%) | (20%

4 4 1 14 24 8 35 31 20 61
(7%) | B3%) | (5%) | 41%) | (28%) | (37% | (52%) | (69%) | (57%

All 17 26 40 90 78 124 58 57 79
S.R. | (10%) | (16%) | (14%) | (55%) | (48%) | (57%) | (35%) | (35%) | (29%)

Statistical Comparisons.

Differences among the diagnostic methods used in:

Type 2 Chi2 = 6.59 DF =4 P>005
Type 3 Chi2 = 15.49 DF =4 P <001 **
Type 4 Chi2 = 5.02 DF=4 P>005
All S.R.Chi2 = 3.84 DF =4 P> 0.05

At 5% level of significance differences existed between all combinations of diagnostic
methods used in Type 3.

V+P+B v V+B Chi2=821 DF=2 P<005*
non P v P users Chi2=9.12 DF=2 P<0.05*
V+P v V+P+B Chi2=7.84 DF=2 P<0.05*

Table 1.5.1 The distribution of cavity size expectation by diagnostic
methods and cavity types.
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Sensitivity Specificity
Type V+P V+P+B V+B V+P V+P+B V+B
2 31.9% 35.1% 33.0% 59.2% 61.1% 79.6%
3 27.5% 28.2% 44.3% 80.4% 55.4% 64.1%
4 35.8% 11.9% 52.2% 73.3% 84.0% 42.7%
All
S.R. 30.8% 26.9% 42.6% 72.9% 70% 57.0%

Table 1.5.2 The sensitivity and specificity of the diagnostic
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First Molar Teeth Second Molar Teeth
Right Left Right Left
Type 2 cavity.
Caries limited to Upper 3/21 (14%) 3/31 (10%)  2/5 (40%) 0/6 (0%)
enamel. Lower 2/24 (17%) 1/24 (4.2%) 0/7 (0%) 3/10 (30%)
Type 3 cavity.
Caries just into Upper 14/48 (29%) 6/32 (19%) 2/12 (17%) 5/10 (50%)
dentine. Lower 17/40 (43%) 7/28 (25%) 4/13 (31%) 6/16 (37%)
Type 4 cavity.
Extensive caries Upper 20/32 (62%) 17/32 (53%) 3/14 (21%) 4/10 (40%)
in dentine. Lower 22/29 (76%) 18/41 (44%) 6/8 (75%) 14/21(67%)

Statistical Comparisons.

In type 4 cavities there were more larger than expected lesions in lower right first
permanent molar than in the other permanent molar teeth.
Chi2=158 DF =1 P <0.0] **

In type 4 cavities there were more larger than expected lesions in both mandibular
second molars compared to maxillary second molar teeth.

Chi2=8.32 DF=1 P <0.0I **

Other comparisons not significant.

Table 1.6 Frequency with which different cavity types were larger

than expected when investigated using the enamel biopsy
technique.

79



Chapter 1.

1.4.4 DISCUSSION

The operators and the collection of data.

The data in this study were obtained from operators working in the conditions
of busy practices where the majority of routine treatment of fissure caries is carried out.
It is encouraging to note that among the selected groups the use of fissure sealants alone
to treat stained and decalcified fissures was a widely adopted practice.

All of the reported data was gathered on a self assessment basis i.e. participants
were asked to record the extent of the lesions and how this compared with their
preoperative prediction. It might have been expected that the participants would seek to
present their diagnostic predictive skills in the best possible light, but the presented
data do not support this view. The participants were volunteers and therefore the
results must be viewed with caution because of the possibility of selection bias.
However, the study reports data collected from practitioners working in normal dental
practice rather than in the more strictly controlled conditions which are possible in an
epidemiological study. The efficacy of the examination methods was evaluated by the
participants' assessment of whether or not the caries was in dentine and whether the
resultant cavity was larger or smaller than expected after the preparation of an

investigative cavity.

Measurements of validity.

Two methods of validity can be used, sensitivity and specificity. In the context
of the current study sensitivity is the extent to which the diagnostic method employed
will reliably predict cavity size. Sensitivity and specificity values in excess of 85% are
required for any test to be clinically acceptable (Kidd et al 1994). Operators not using
the probe had a higher accuracy of cavity size estimation ( specificity). It was
interesting that in larger cavities to be restored with laminate restorations, the
incorporation of a radiograph reduced the specificity in those operators using the probe.
The data in [Figure 1.8 indicate that use of radiographs underestimated the cavity size.
This problem is well recognised.

Prediction in small cavities.
In the 044 Type 2 - 4 restorations in which an investigative cavity was
prepared, it size was accurately predicted in 48 - 57% of cases (see Figure 1.8).

Greater accuracy was achieved with the smaller cavities where 58 - 75% of the cavities
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were as expected. These cavities which were limited to enamel, comprised 24.8% of
the cases where an investigative cavity was prepared. The commonest error in this
group was to overestimate the cavity size (i.e. the cavity was smaller than expected).
There is now good evidence that the application of fissure sealants to enamel lesions
will result in the caries being arrested (Handelman et al 1976; Metz-Fairhurst et al
1986). It is therefore arguable that the decision to adopt an invasive technique in these
cases represented an error in their management. However, discussion with the CDO's
and GDP's revealed considerable fears about the failure of fissure sealants placed over
active lesions in the conditions of general practice. The majority indicated a strong
preference for the removal of decalcified and stained enamel from the fissure walls
before the application of adhesive materials and/or fissure sealant.

Prediction in large cavity types.

The accuracy of cavity size prediction was much lower for the largest lesions
with 52 - 69% of the cavities being larger than expected. This appears to support the
view expressed by Sawle and Andlaw (1988) that fissure caries is becoming harder to
diagnose.

Diagnostic methods and their accuracy.

It is perhaps surprising that a number of the CDO's were not using bitewing
radiographs routinely to screen for caries. This reflected the fact that not all of the
examinations are carried out in surgeries with radiographic facilities. Creanor et al
(1990) examined bitewing radiographs in 2623 subjects aged between 14-15 years who
were participating in anti caries dentifrice trial in the West of Scotland. They reported
that in 12.1% of lower molars and 3.1% of upper molars which were judged to be
clinically sound, there was radiographic evidence of caries in dentine. They considered
that their data provided further support for the view that increased fluoride usage had
resulted in the maintained integrity of the enamel over a spreading dentinal lesion.

The suggested regime for the use of bitewing radiographs, proposed by Pitts
and Kidd (1992), would be advocated and it is suggested that this regime should be
adopted to screen for clinically undetected occlusal dentine lesions in high risk teenage
patients. Since it is clearly impossible not to look at the tooth being examined before
applying the probe three examination regimes were therefore used by the participants:
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1) Visual plus probe

2) Visual plus radiographs

3) Visual plus probe plus radiographs

No operator used visual examination alone to detect caries.

Differences among the diagnostic methods.

When the different diagnostic techniques were compared (see Figures 1.5 -
1.11: the data demonstrate that with a sample size of 644 cavities no significant
differences were found in the accuracy of the prediction of cavity size whether the
probe or visual inspection in combination with bitewing radiographs was used i.e. the
use of the probe did not improve the accuracy of prediction of cavity size (sensitivity).
If there is no diagnostic advantage and the danger of surface enamel damage as
demonstrated by Ekstrand et al (1987) is considered then the use of the probe to detect
fissure caries in practice should be discontinued.

Accuracy of cavity size prediction by tooth.

There is increased difficulty in accurate prediction of cavity size in the lower
right first molar 1 (see Table 1.6) compared with the other first molars. Rock et al
(1990) noted differences in fissure sealant retention between the left and right hand side
of the mouth and suggested that these could be related to right and left handed operators
holding the curing light at slightly different angles on the different sides of the mouth.
It is possible that differences in operator position between the left and right sides of the
mouth could alter, for example, mirror angulation which could account for differences
in accuracy in prediction of cavity size. The problem demonstrated with second molars
compared to their maxillary counterparts probably reflects the more complex pattern

commonly observed in mandibular second molars.

Problems with the diagnosis of fissure caries.

There is an urgent need for refinement in the diagnostic techniques for fissure
caries. Elderton (1985b) has observed that a "wait and watch " approach in fissure
lesions and if an active fissure lesion is suspected it must be investigated. The data in
the current paper demonstrates how unsatisfactory current diagnostic methods are. In
the light of these observations, diagnosis in clinical practice at present should comprise
a combination of the assessment of overall caries risk, inspection of the clean and dried
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fissure under good lighting and finally examination of a bitewing radiograph. The
investigative approach to intervention, where cavity preparation is limited to excision
of caries should be adopted whenever there is doubt over the presence of caries in

dentine.

Comparison of in vitro study with current in vivo study.

Although the use of an in vitro caries scoring system may have value as a
teaching aid for undergraduate students and could be used for continuing education for
dental practitioners, the results of the in vitro studies must be viewed with some
caution. In section 1.3, the same group of dental operators achieved lower sensitivity
values than in the current in vivo field trial. In the in vitro study, the participating
operators were asked to estimate the cavity size and then were required to make a
treatment decision (if any) for each of the sample molar teeth. In the current ir vivo
study, the same group of operators estimated the lesion size in teeth about to undergo
clinical intervention. They then compared the estimated cavity size with the actual size
of the caries lesion after an investigative cavity had been prepared.

In the in vitro study, the range of sensitivity scores was observed to be

between 73.7% and 79.8%, depending upon the diagnostic method used. The
comparable validity scores for the current in vivo study were 26.7% and 42.6%
respectively | (see Figure 1.9).
Estimation of the cavity size in the mouths of children is made more difficult by the
problems of maintaining isolation and the frequent use of indirect vision, which are
necessary at the posterior end of the dental arches, where illumination is also
compromised.
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1.5

CONCLUSIONS.

In vitro study.

No differences were demonstrated in the sensitivity and specificity of diagnoses
achieved using visual inspection alone and visual inspection in combination
with the probe.

No diagnostic differences detected between General Dental Practitioners (paid
on an item of service basis) and the Community Dental Officers (paid a
salary). Capitation had not been introduced as means of payment for
general dental practitioners at the time this study was conducted.

The use of radiographs in addition to visual examination made no significant

difference to the observed diagnostic accuracy.

In the in vitro study the presence of caries was under-diagnosed and the

operators were not treating sound teeth unnecessarily.

In vivo study.

In a large field trial in the West of Scotland approximately 50% of lesions
when investigated, were found to be of the size predicted by the operator.

The accuracy of prediction of cavity size decreased as cavity size became
larger. In 50% of cases where there was found to be an extensive dentine

lesion, the cavity was larger than the operator expected.

The use of the probe did not improve the accuracy of cavity size prediction in
the conditions of clinical practice. In view of the literature reports of damage
caused to the surface layer of enamel by the probe, its routine use in practice for
the diagnosis of fissure caries should be discontinued.
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In the in vivo study more errors in prediction of cavity size occurred in the
lower right than in the other first molars and in both mandibular second molars

than  in their maxillary counterparts.

Operators who did not use the probe as part of their routine diagnostic regime
for fissure caries had a higher sensitivity value particularly when dentine lesions

were present.

In both studies in this chapter of the thesis, the conclusions from the in vitro
and in vivo studies were similar when the same diagnostic methods were used.
Although this may have major implications for teaching of undergraduate
students and in the continuing education of graduates, the results of in vitro
studies should be viewed with some caution as measures of validity are
significantly greater in laboratory studies compared to that achieved in clinical

trials.
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Chapter

Comparison of the scoring of sealant restoration performance by

Community Clinical Dental Officers and calibrated examiners.
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2.1 INTODUCTION.
The scoring of restorations.

Sealant restorations are placed in two separate stages. In the first, glass
ionomer cement, composite resin or a combination of glass ionomer cement and
composite resin are placed to restore the discrete cavity prepared mechanically in a
localised area of a pit or fissure surface. In the second, a pit and fissure sealant resin
is applied over the surface of the restoration and into all the adjacent fissures. This
takes the place of the original concept of "extension for prevention" (G.V.Black in
Pickard, 1970).

The performance of sealant restorations may be measured by the degree of
sealant retention and performance of the composite or glass ionomer cement filling.
These features are used to provide evidence of the condition of the sealant restoration.
These features may be classified into a system consisting of levels or grades
characterised by the presence or absence of certain clinical signs.

For a clinical method of assessment to be useful in monitoring the performance
of sealant restorations, it must be reliable and consistent when used by a number of
operators, who may differ widely in their levels of experience. If it is not, difficulties
may arise in the interpretation of the results of published work (Lindsay et al 1982) and
in the data from self assessing field trials. A good level of agreement is necessary to
provide a guide to the ultimate clinical performance.

A scoring system was devised by Cvar and Ryge (1971) and accepted by the

United States Public Health Service (U.S.P.H.S.) which grades clinical evaluation of
dental restorative materials (Criteria for the clinical evaluation of dental restorative
‘materials, National Institutes of Health). The clinical performance of materials
‘cannot be directly predicted for laboratory tests and, therefore, well-defined
‘measures of clinical performance are required. Meaningful clinical information is
available using rating scales. The assessors or observers must be well trained and the

results of the training should be checked in some way (Marken 1966).
There has been a limited literature on the criteria used to review the performance of

dental restorations but the problems of measuring wear in vivo on the surface of
restorations has been recognised (Chadwick ef al 1991) and is discussed in Chapter 4
Many of the techniques are labour intensive and require the use of complex equipment
which may still measure wear only in specific areas avoiding others where catastrophic
wear may have taken place.

During the collection of data from a field trial, it was important that the running
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of the dental clinic should not be disrupted by unnecessarily long and complicated data
collection. It was for this reason that a simple, quick and accurate scoring method was
devised. The U.S.P.H.S. system has been adopted in a modified form in this study.
In addition, the extent and presence of the fissure sealant and further treatment
requirements were considered according to set of criteria developed specifically for the
study.

2.2 MATERIALS AND METHODS.

2.2.1 Practice scoring.

Before the initial six month review of the sealant restorations placed by the
thirteen Community Clinical Dental Officers participating in the field trial, a training
exercise in scoring or grading the performance of sealant restorations was initiated.
Details relating to the setting up of the field study may be found in Chapter 3.

Twenty six extracted human molar teeth were embedded in numbered acrylic
blocks. Sealant restorations were placed which involved the enamel biopsy technique.
An equal number of sound and faulty restorations were placed. Faults included:
missing restorations; wear on the surface of the glass ionomer or composite resin
filling; staining around all or some of the restoration periphery; presence of secondary
caries and areas of missing fissure sealant.

A practice session was organised for each of the participating dentists. During
this session the criteria for each of the scoring grades was individually explained and
the operators were asked to examine and score the restorations on cards identical to
those used in the field trial.

2.2.2 Inter - and intra - assessor reproducibility.

Using the extracted teeth described in section 2.2.1 into which a selection of
faults had been incorporated, the two assessors (G.B.G. and R.C. P.) scored the
restorations using the graded monitoring forms for use in the field trial (see Chapter 3).
Tooth samples were dried and inspected under good lighting conditions using a
standard right angled probe.

In order to obtain some form of reproducibility between the two assessors,
reproducibility studies were undertaken on two occasions six months apart. Scores
were not available to the other assessor until after the study was completed. Kappa

statistics and percent agreement between the two external assessors were calculated at
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each of the scoring sessions. To measure drift of the assessors over the time period
between the assessments, a Kappa statistic was calculated for each as a measurement
of continued reproducibility.

2.2.3 Data collection.

The features of the grading system used are shown in Table 2.1. An
assessment of the presence or absence of the following features was modified from that
originally described by Cvar & Ryge (1971) and shown in Chapters 3 to 5:

* restoration present

* surface wear of restoration

* marginal staining of restoration

* secondary caries adjacent to the restoration margin.

Fissure sealant retention was graded on a three point scale of:

* completely present in all pits and fissures

* partially missing

* entirely missing.

The necessity for modifying or replacing the restoration was also considered.

1. The sealant restoration was considered to require modification

by the addition of further fissure sealant where:
* fissure sealant had been partially or completely lost
* evidence of decalcification in an exposed fissure
* more than 2 other active caries lesions in the dentition
2. The sealant restoration was considered to require replacement where the
following were observed:
* loss of the restoration
* surface wear had exposed dentine
* presence of secondary caries
* where treatment of new primary lesion implicated cavity
preparation involving the original sealant restoration.

The patients were assessed independently from the Community Clinical Dental
Officers under good operating conditions of light and tooth isolation. All review visits
were conducted in Community Dental Clinics where the two assessors and the
Community Clinical Dental Officer independently scored the features of the restoration
on the same day: no discussion was entered into as to the need for further treatment to
the restoration. Monitoring of the performance of the sealant restorations took place
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after 6, 12 and 24 months. Note was taken of any disagreements between the two
assessors. In the event of a disagreement, the patient was examined again and a final

score agreed.

2.2.4 Analysis of the results.

The gradings or scores were entered into a computerised data base surveys

management system (Survey It, Version 4.0, Conway Information Systems
Incorporated). For each participating operator, a cross-tabulated table was analyzed for
the percentage agreement on the presence or absence of clinical signs or symptoms.
A Kappa statistic was calculated, by operator, for each of the clinical signs and
symptoms. When complete agreement exists between assessors and operator, the
Kappa statistic is 1. When the agreement is no better than could have occurred by
chance, however, then the Kappa statistic is 0.

An overall Kappa statistic value was calculated for each of the operators as a
median value and a quoted range, taken from all individual Kappa statistics for the
clinical signs and symptoms investigated. This allows a comparison of operator
variability without specific regard to the individual clinical signs and symptoms. Use
of a median value for Kappa statistic will be more meaningful than tabulating a mean
value and standard deviation, which would be artificially distorted by some high values
for individual Kappa.

For each clinical feature of the restoration scoring system, statistical differences
among the median Kappa statistics were calculated using Wilcoxon Signed Rank Test
for paired data - paired differences are signed and ranked so as to provide a non-
parametric version of the paired t-test.
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2.3 RESULTS.
All tables and figures have been placed at the end of this chapter to allow continuity of
the text. This is also intended to make the reading of the text and figures more

straightforward.

2.3.1 Inter - and intra - assessor agreement.

The data in Tables 2-1 and 2-2 show the inter-examiner agreement at the initial
scoring session and again after six months. The median Kappa statistic for agreement
between the two assessors was "very good" on both occasions (between 0.81 and 1).
A slight fall in agreement was observed in respect of wear on the restoration surfaces
where fissure sealant was partially or completely missing (0.62 compared to 0.58 after
six months), but a corresponding increase in the Kappa statistic was noted for
agreement on the retention of fissure sealant (0.89 compared to 1 after six months).

As a measure of drift over the time between scoring sessions, intra-examiner Kappa
statistics were calculated and are shown in Tables 2-3 and 2-4. The median Kappa
statistic for each examiner shows a "very good" level of agreement with minimal

drifting or inconsistency of scoring.

2.3.2 Median Kappa statistics for in vivo study.

In Table 2-5 the median Kappa statistic and range of Kappa results are shown
for each of the clinical features reviewed. The results for individual operators can be
seen in table and graphic forms in Tables 2.7 to 2.15 and Figures 2.2 to 2.10 These
features were measured to assess the performance of sealant restorations in the
conditions pertaining to the Community Dental Services.

2.3.3 Presence of the restoration.

In Table 2.7 the results of the comparison of operators to assessors regarding
the presence of the composite or glass ionomer restoration are shown. Ten Community
Clinical Dental Officers (77%) had complete agreement with the scoring of the
assessors regarding the presence of the composite or glass ionomer cement restoration.
The Kappa statistic for this group of operators was therefore 1.

Two of the remaining Community Dental Officers (16%) had greater than 98%
agreement but due to the distribution of agreement within the table of results, this
reflected agreement that was no better than could have occurred by chance - the Kappa
statistic was therefore 0. The remaining operator had 87.8% agreement and a moderate
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agreement beyond chance with a Kappa statistic of 0.59.

The overall median percentage agreement was 100% (range 87.8 to 100%) and
very good agreement beyond chance occurred with a median Kappa statistic of 1 (range
0-1)

2.3.4 Surface wear on the restoration.

The absence of fissure sealant from the surface of the filling material and the
loss of restorative material from its surface is documented in Table 2.8 The assessors
considered wear to be present on the filling surface in only 3.6% of all the sealant
restorations reviewed.

The percentage agreement ranged from 23.8 to 97.6% with a median value of
82.5%. Nine operators (69%) had greater than 70% agreement with the assessors. By
comparison the median Kappa statistic was 0.04 reflecting very poor agreement. The
Kappa statistic ranged from -0.03 to 0.4: the former value showing agreement slightly
worse than that which could have occurred by chance. Four operators (3, 7, 8 and

11) incorrectly over diagnosed the presence of wear.

2.3.5 Marginal discolouration.

In Table 2.9 the agreement for the presence of marginal discolouration between
the filling material and the investigated cavity margin is shown.

Agreement between the operators who placed the restorations and that of the
assessors reviewing the performance of the restoration with regard to marginal
discolouration ranged from 54.9 to 100% complete agreement: the median percentage
agreement was 85.8%.

Only fair agreement beyond chance was found as the resulting median Kappa
statistic was 0.25. Individual Kappa statistics ranged from -0.05 to 1.

2.3.6 Presence of secondary caries.

The results for the presence of secondary caries at the margin of the filling
material are presented in Table 2.10. Secondary caries developed in only 3.1% of the
restorations successfully reviewed.

The overall median percent correct agreement was 97.5% with a range of 85.4
to 100%. A moderate agreement between the operators and the assessors was indicated
by the overall median Kappa statistic of 0.63.

Two operators (1 and 3) missed the presence of secondary caries in over 75%

of occasions where present.
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2.3.7 Retention of fissure sealant.

The overall retention of fissure sealant is presented in Table 2.11 but the Kappa
statistics for examiner variability in scoring the state of opaque and clear fissure sealant
retention is shown in Tables 2.16 and 2.17.

In Table 2-6, a comparison of the medians is given for the correct assessment
of fissure sealant retention when opaque and clear sealants are used and for the correct
grading or scoring of sealant retention to maxillary and mandibular first molar teeth.

Agreement between assessors and operators was assessed using Wilcoxon
Rank Signed Test where significantly greater agreement was found when opaque
sealant was employed (P<0.05). The correct identification of the extent of pit and
fissure sealant retention to maxillary or to mandibular first molar teeth was also
significant with improved agreement when scoring or grading maxillary molar teeth
(P>0.05). No difference in the retention of the sealant to right or to left first permanent
molar teeth could be demonstrated using this paired non-parametric test (P>0.05).

Individual Kappa statistics summarised in Figure 2-6 can be seen in Tables 2-16
to 2-21.

2.3.8 The need for modification.

Modification was considered necessary by the two assessors if the fissure
sealant was either partially retained or missing and the exposed fissure was stained and
decalcified. It was also considered prudent to replace the sealant if the patient had two
or more other active caries lesions in other teeth despite the exposed fissure currently
being apparently caries free.

In Table 2.12 there was good percentage agreement with the decision not to
modify the sealant restoration. When the assessors considered the restoration to require
modification, however, the Community Dental Officers concurred poorly with this
decision. The median Kappa statistic (0.2 range -0.13 to 0.57) for correct agreement

with the assessors was only fair.

2.3.9 The need for replacing the restoration.

The results on the decisions to replace sealant restorations is given in Table 2-
13. Restorations were considered to be in need of replacement if the composite resin
filling had been lost or there were visible signs or symptoms of secondary caries. It
was also agreed that sealant restorations would require removal if new primary caries

occurred on the approximal surfaces.
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The assessors considered that only 5.8% of the reviewed restorations should be
replaced. There was high agreement on the decisions indicating no need for replacement
of the fillings but agreement was low when the assessors considered the restoration in
need of removal and replacing with new restoration.

The median Kappa statistic (0.48 range O to 1) would indicate a moderate

agreement had been achieved.

2.3.10 Immediate sensitivity.

In Table 2.14 the results are shown for the verbal questioning of the patient at
review on the presence of sensitivity immediately following the placement of the
restoration. On only one occasion was there a discrepancy between the verbal response
given to the Community Dental Officer and the assessors. This would indicate
excellent agreement and the median Kappa statistic (1 range 0.67 to 1) would indicate
very good agreement beyond chance.

2.3.11 Continued sensitivity.
At the review appointments no patient indicated the presence of continued
sensitivity following placement of the sealant restorations (Table 2.15). The percentage

agreement and the median Kappa statistic would therefore indicate excellent agreement.

2.3.12 Median Kappa statistic for participating operators.

The graphics in Figures 2.1.1 and 2.1.2 indicate median percentage agreement
and median Kappa statistic for each participating operator as an indication of the overall
agreement with the external assessors. To avoid artificially high Kappa statistics - due
to 3 categories with Kappa values of 1 - median values were calculated.

All operators had an overall greater than 82.9% agreement but when this was corrected
for the possibility of chance corrected agreement by the use of the Kappa statistic, five
operators had agreement consider poor or fair. Four operators had moderate agreement
and three were considered to have good agreement. One operator had very good

agreement with the assessors.
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2.4 DISCUSSION.
2.4.1 Kappa statistic.

There are difficulties in achieving absolute agreement between operators or
observers scoring from the same clinical material. A close measure of agreement is
required for the comparison of the data: it would be inappropriate to subject the data to
the Chi Squared test because this would provide a measure of association and there is
not a hypothesis testing problem.

A measure of agreement can be achieved by observing the number of exact

agreements that were achieved and expressing it as a percentage figure. There are two
principle disadvantages to this method: firstly, it is impossible to deduce from this
figure where agreement accorded in a cross-tabulated table and secondly, no correction
is allowed for agreement that can be achieved by chance i.e. guessing.
A more reasonable method would be to measure the agreement that occurs over that
which could have happened by chance. The expected frequency of a cell in a frequency
table may be calculated by taking the product of the column total and the row total and
dividing it by the grand total. The expected number of agreements can be expressed as
a proportion of the total. A measurement of the agreement can therefore be expressed
as a numerical figure in excess of the expected value. Maximum agreement is 1
therefore the agreement achieved may be presented as a proportion of the possible
scope for achieving a score better than by chance (1 - expected probability).

The agreement over that which can be achieved by chance is known as Kappa
(K). When agreement is perfect the score is 1 and when it is no better than that
achieved by chance the score is 0. Negative values can be achieved and indicate an
agreement that is worse than that achieved by chance i.e. that guesswork is involved.

The mathematical formula for calculating Kappa (K) is given as:
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where P, is the observed probability and P, is the expected probability.
The strength of the agreement between operators is given in the following table
modified from that by Landis and Koch (1977).

Value of Kappa Strength of Agreement
<0.2 Poor
0.21 - 0.40 Fair
0.41 - 0.60 Moderate
0.61 - 0.80 Good
0.81 - 1.00 Very good

It is important to inspect a table of frequencies to note the distribution of agreement
because different distributions will frequently reveal a similar value for Kappa.

There are further difficulties associated with the use and interpretation of Kappa
statistic. The value of Kappa is dependant on the prevalence or proportion of subjects
in each category. Where the proportional agreement is identical but there are dissimilar
subjects in each category, the value of Kappa will be different. This arises due to the
different expected probabilities for the two samples. In addition, where the number of
categories are limited, the value for the Kappa statistic is likely to be better.

The Kappa statistic is the chance corrected proportional agreement but for inter-
rater agreement, statistics cannot provide a simple substitute for clinical judgement.

2.4.2 Inter - and Intra - examiner agreement.

Problems in reproducibility and validity of diagnosis have been noted
(Mitropoulos & Downer 1987). The presence of well established carious lesions that
are obvious to the naked eye can be diagnosed with excellent agreement, but if a group
of operators are asked to diagnose small or early caries lesions, agreement is poor.
They will frequently disagree with each other and even disagree with themselves if
asked to re-examine previously scored surfaces (Merrett & Elderton 1984).

The collection of data from a field or clinical trial should be robust and
consistent for the data to be meaningful. It is important, therefore, that inter-examiner
agreement should be as close as possible. This can only be achieved if the examiners
are calibrated to recognise and score consistently even in the case of borderline

decisions.
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The results obtained in Tables 2-1 and 2-2 show the inter-examiner agreement
after the initial and second scoring sessions. The initial results were obtained before
scoring of the restorations placed in the field or clinical trial commenced but the results
of the second scoring session were obtained after many of the in vivo restorations had
been assessed. It was heartening to note that agreement was still high and in some
instances had improved with time.

The possibility of examiner drift with time is also a real possibility but the intra-
examiner agreement shown in Tables 2-3 and 2-4 show this did not take place. If one
examiner's decisions were shown to change or drift with time, this would be reflected
in a reduction in inter-examiner agreement. Conversely, if both examiners showed
drift in decisions taken, then the inter-examiner agreement may not necessarily
reduce.

Rock and Evans (1983) showed significant differences between operators when
the results of fissure sealant retention were examined carefully in a clinical trial of a
light and self cured fissure sealant. Mitropoulos and Downer (1987) reported that
following a two day course where caries diagnostic techniques were standardised,
Officers of the Reference Service could achieve excellent agreement with the course
tutor. In the context of the current study, excellent agreement was not only achieved
but also maintained over the period of the trial by the two calibrated assessors.

2.4.3 Differences between assessors and Community Dental
Services Staff.

Field and clinical trials are both expensive and labour intensive to execute. If it
were possible to train a group of operators to place and score the performance of
restorations using strict guidelines, the costs in monetary terms and the length of time
for processing of data and publication of the results would be favourably reduced. In
the current work, a uniform technique of placement for the sealant restorations was not
advocated in order to observe how differences in the materials and techniques of
placement would affect the restorations. It was decided, however, to observe the
scoring of the Community Clinical Dental Officers and how this compared with the
assessors. An initial practice session explained individually how the assessment of
restorations was carried out and allowed each of the operators to score the performance
of sealant restorations in extracted teeth. The results were compared with the external
assessors at this time and areas of inconsistency were explained. Thereafter,

assessment results from both the assessors and the Community Dental Staff were
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recorded independently when patients attended for review.

The data in Table 2-5 shows that excellent agreement can be achieved for some
of the variables examined at each of the recall visits. In particular, the response to
verbal questioning of the patient on the presence of initial or continued sensitivity was
excellent. This would be expected, as this did not involve the making of any clinical
decision by either party. The only variable would be in the translation of this response
onto the monitoring form. The median Kappa statistic for the presence of the glass
ionomer or composite filling also show an excellent agreement between assessors and
operators. This was slightly more surprising as these restorative materials are tooth
coloured and do not, therefore, contrast with the surrounding tooth structure as would
silver amalgam restorations. The absence of a restoration, however, would leave a
cavity in the tooth surface which dentists would detect both by visual and tactile
methods.

The remaining Kappa statistics show agreement between the assessors and the
operators was fair to moderate. Inter-observer variation of the signs and symptoms in
a scoring system of a disease process has previously been reported and the agreement
found to be similar to those achieved in the present investigation (Theodossi et al 1981
and Lindsay et al 1982). Lindsay et al (1982) reported no significant improvement
when the observers were given written summaries of the scoring system. It would
appear that observer variability is an inescapable component of clinical practice.

Good agreement was achieved on the presence or absence of secondary caries
in the teeth treated with sealant restorations but the agreement was poor on the presence
of wear on the surface of the restorative material. When Chadwick et al (1991)
monitored the wear on the surface of restorations placed in denture teeth of partial
prostheses, they reported that clinical detection using criteria USPHS was poor and the
cavo-surface margin had to be exposed by up to 150 micrometers for wear to be
detected and reflect in the scale of ranking. The use of replica techniques in the
measurement of surface wear of restorations has been advocated and measurement of
loss of volume (Urquiola & Charbenau 1981, Williams et al 1983, Eick et al 1984 and
Lamb et al 1987) or depth of surface loss (Lambrechts eral 1985, Braem et al 1986)
has been recommended. It would appear that in vivo measurement of surface wear is
both unreliable and difficult and, therefore, it comes as no surprise that poor agreement
was achieved among the operators.

Agreement for the correct identification of the extent and presence of fissure
sealant is shown in Table 2-6. Although the rate of caries reduction has been shown as
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being 100% when the fissure sealant material is completely retained (Metz-Fairhurst
1984), caries prevention is not entirely dependent on complete retention, as reductions
of 83% have been reported when sealant is partially retained (Elderton 1985).

The effectiveness of sealants can be enhanced, however, by the re-application
of missing or deficient sealant. This relies on the correct identification of the extent of
fissure sealant retention. The BDA/DHSS working party (1986) recommended the use
of opaque or coloured fissure sealants to enhance the ability of dentists to correctly
identify the extent of sealant presence. Rock et al (1989) investigated the visibility of
clear and opaque fissure sealants among three operators and reported an identification
error rate of 1.4% for opaque sealant but 22.8% for clear resins: the most common
error was to identify the presence of clear sealant on untreated teeth. The results of the
current study would confirm the above findings, as agreement between the assessors
and the operators was significantly better when opaque sealants were used.

As no differences in agreement could be shown for examination of teeth from
the right or left sides of the dentition, it is more difficult to then explain the improved
agreement achieved by the operators when they scored the sealant retention in maxillary
molar teeth. Isolation of mandibular teeth is more difficult to maintain due to pooling of
saliva in the floor of the mouth but it was the finding of the external assessors that
operators did not actively examine the buccal surfaces of these teeth but included the
palatal fissure of maxillary molars in their assessment. The original practice scoring
session emphasised that buccal fissures should be examined and during the inaugural
lecture on sealant restoration techniques, sealing of buccal fissures was advocated.

2.4.4 Calculation of an overall Kappa statistic for operators.

The preparation of a median Kappa statistic for each operator shows the overall

agreement of that operator with the external assessors. The inter-examiner agreement
was measured for the two assessors on two occasions and found to be between 0.89
and 1.0.
The graph in Figure 2.1.2 shows that four of the thirteen participating operators
achieved levels of agreement considered to be good or very good while the decisions of
two of the dentists were in poor agreement. The remaining operators achieved levels of
agreement considered to be only fair or moderate.

These results are significant in themselves as the collection of robust data on a
self assessment basis would not have been possible. For the present time, the results

indicate that the calibration of a limited number of examiners is still required. Further
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investigation of the effect of a calibration exercise at the start of each scoring or

examination session may improve the level of agreement.
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2.5

CONCLUSIONS.
Calibration of the two examiners produced very good levels of agreement.

No drift in the level of agreement between the examiners was observed over the

two checks periods.

The decisions made by each examiner (inter-examiner agreement) during the

calibration measurements remained consistent with time.

Agreement between the examiners and the Community Dental Officers was very
high for responses to verbal questions and to the presence of absence of fillings
in the teeth.

Fair to moderate agreement was achieved for scoring of features modified from

USPHS system used to assess the quality of restorations.

Agreement on the presence or absence of wear on the surface of composite or
glass ionomer cement restorations was no better than that which could have

happened by chance.

Significantly better agreement was reached between examiners and CDO’s
when scoring the degree of retention of opaque fissure sealants and also while
scoring sealant retention on maxillary first molar teeth compared to the

corresponding mandibular tooth.

Five operators (38.5%) achieved good or very good overall agreement with the
examiners, while the agreement with 53.8% of the participating operators was
only fair to moderate. Only 1 operator had poor agreement.

The collection of data relating to the performance of sealant restorations using
self assessment monitoring cards cannot be recommended as a technique for the
compilation of robust data due to diversity of opinion of the condition of the
restorations.
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% Agreement Kappa statistic
Presence of restoration 100 1
Wear on restoration 91.3 0.62
Marginal discolouration 91.3 0.77
Secondary caries 96.2 0.89
Fissure Sealant retention 96.2 0.89
Modification required 100 1
Replacement required 100 1
Median values: 96.2 0.89

Table 2.1 Inter-examiner agreement after initial scoring session.

% Agreement Kappa statistic
Presence of restoration 100 1
Wear on restoration 85.8 0.58
Marginal discolouration 95.6 0.88
Secondary caries 96.1 0.88
Fissure Sealant retention 100 1
Modification required 100 1
Replacement required 100 1
Median values: 100 1

Table 2.2 Inter-examiner agreement after second scoring session.
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% Agreement Kappa statistic
Presence of restoration 100 1
Wear on restoration 95.6 0.77
Marginal discolouration 91.3 0.77
Secondary caries 100 1
Fissure Sealant retention 100 1
Modification required 92.3 0.85
Replacement required 92.3 0.81
Median values: 95.6 0.85

Table 2.3 Intra-examiner agreement for first assessor (RCP) on

decisions made between first and second scoring session.

% Agreement Kappa statistic

Presence of restoration 100 1
Wear on restoration 95.6 0.86
Marginal discolouration 95.6 0.88

Secondary caries 100 1
Fissure Sealant retention 96.1 0.89
Modification required 92.3 0.85
Replacement required 92.3 0.81
Median values: 95.6 0.88

Table 2.4 Intra-examiner agreement for second assessor (GBG) on
decisions made between first and second scoring session.
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Median Kappa statistic (range)
Presence of restoration 1.0 Oto 1)
Wear on restoration 0.04 (-0.031t00.27)
Marginal discolouration 0.25 (-0.05to 1)
Secondary caries 0.63 (-0.02to 1)
Fissure Sealant retention 0.36 (0.01 to 0.66)
Modification required 0.2 (-0.13t0 0.57)
Replacement required 048 (Oto 1)
Immediate sensitivity 1.0 (0.67to 1)
Continued sensitivity 1.0 1to 1)

Table 2.5 Median Kappa statistic for each of the clinical variables

examined.
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Median Kappa statistic (range)

Fissure sealant retention overall 0.36 (0.01 to 0.66)
Retention of opaque fissure sealant 0.63 (0.2to 1)
Retention of clear fissure sealant 0.28 (0.15t00.57)

Sealant retention to maxillary first permanent
molar teeth 0.48 (0t00.74)

Sealant retention to mandibular first
permanent molar teeth 0.26 (0t00.57)
Sealant retention to right first permanent

molar teeth 0.39 (0to 1)

Sealant retention to left first permanent molar
teeth 0.4 (0t00.75)

Values connected by vertical bar are not significantly different (P > 0.05).

Statistical evaluation. Wilcoxon Signed Rank Test
opaque v clear sealant  U=21 n= 6 P<0.05
maxillary v mandibular  U=76 n=13 P<0.05
right v left U=44 n=13 P>0.05

Table 2.6 Median Kappa statistic for fissure sealant retention by type
and tooth.
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Figure 2.1.1 The median percentage agreement between

examiners and operators.
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* contains table cell with no entries.
100% agreement or a Kappa statistic of 1 occurred.

Table 2.7

Presence of Restoration.

108

% % %
Agreement Agreement Agreement Kappa
Operator Restn. pres Restn. abs overall Statistic
1 122/122  100% 00 * 122/122 100% 1*
2 68/68  100% 0/0 * 68/68 100% 1*
3 61/61 100% 00 * 61/61 100% 1*
4 40/40  100% 0/0 * 40/40 100% 1*
5 92/92  100% 0/0 * 92/92 100% 1*
6 717 100% 0/0 * 717 100% 1*
7 126/126  100% 00 * 126/126 100% 1*
8 143/144 99.3% o1 0% 143/144 99.3% 0
9 50/51 98.04% 0/0 * 50/51 98.04% 0
10 31/33 93.94% 5/8 62.5% 36/41 87.8% 0.59
11 13/13  100% 0/0 * 13/13 100% 1*
12 46/46  100% 00 * 46/46 100% 1*
13 123/123  100% 1/1 100% 123/123 100% 1*
Medians: 100% 1
range (87.5 - 100) Oto 1)
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Chapter 2

* contains table cell with no entries.
100% agreement or a Kappa statistic of 1 occurred.

Table 2.8

Restoration Wear.

110

%o %o %o
Operator Agreement Agreement Agreement Kappa
Wear present Wear absent overall Statistic
1 1/5 20% 107/117 91.4% | 108/122 88.5% 0.07
2 0/0 * 53/68 77.9% 53/68 77.9% 0
3 6/8 75% 19/53 35.8% | 25/61 40.1% 0.04
4 2/4  50% 31736 86.1% | 33/40 82.5% 0.27
5 00 * 87/92 94.6% | 87/92 94.6% 0
6 00 * 6/7 85.7% 6/7 85.7% 0
7 5/6 83.3% | 25/120 20.83% | 30/126 23.8% 0.005
8 10/12 83.3% | 72/132 54.5% | 82/144 56.9% 0.117
9 01 0% 41/51 82% 41/51 80.4% -0.03
10 173 333% | 33/38 86.8% | 34/41 82.9% 0.14
11 0o * 8/13 61.5% 8/13 61.5% 0
12 1/1 100% 37/45 82.2% | 38/46 82.6% 0.17
13 172 50% 120/122 98.4% | 121/124 97.6% 0.4
Medians: 82.5% 0.04
range (23.8-97.6) (-0.03t00.4)
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Chapter 2

% Agreement | % Agreement %
Operator pres.disc. abs.disc. Agreement Kappa
margin margin overall Statistic
1 2/10 20% | 106/11294.6% | 108/112 88.5% 0.16
2 1/7 14.3% | 60/61 98.4% | 61/68 89.7% 0.18
3 4/6 66.6% | 44/51 86.3% | 48/61 78.7% 0.25
4 215 40% 32/35 91.4% 34/40 85% 0.31
5 2/10 20% | 77/82 93.9% | 79/92 85.8% 0.15
6 0/0 * 7/7 100% 777 100% 1*
7 2/12  16.6% | 101/11491.2% | 106/126 84.1% 0.08
8 2/7  28.6% | 125/13791.2% | 127/144 88.2% 0.13
9 3/9 333% | 25/42 59.5% | 28/51 54.9% -0.05
10 912 75% | 22/29 75.8% | 31/41 75.6% 0.46
11 00 * 9/13 69.2% | 9/13 69.2% 0
12 6/9 66.7% | 36/37 97.3% | 42/46 91.3% 0.7
13 5/9 55.5% | 112/11596.5% | 117/124 94.3% 0.55
medians: 85.8% 0.25
range: (54.9 - 100) (-0.05to 1)

* contains table cell with no entries.
100% agreement or a Kappa statistic of 1 occurred.

Table 2.9

Discolouration of margins.
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Chapter 2

% Agreement | % Agreement %
Operator pres. sec. abs. sec. Agreement Kappa
caries caries overall Statistic
1 2/10 20% | 106/112 94.6% | 108/122 88.5% 0.16
2 00 * 67/68 98.5% | 67/68 98.5% 0
3 1/4 25% 53/57 93% | 54/61 88.5% 0.16
4 1/1 100% 38/39 97.4% | 39/40 97.5% 0.66
5 0/3 0% 87/89 97.7% | 87/92 94.6% -0.02
6 0/0 * 717 100% 777 100% 1*
7 1/1 100% | 124/12599.2% | 125/126 99.2% 0.67
8 0/0 * 143/144 99.3% | 143/144 99.3% 0.98
9 172 50% 44/49 89.8% | 45/51 88.2% 0.2
10 8/9 889% | 27/32 84.4% | 35/41 85.4% 0.63
11 0/0 * 13/13 100% 13/13 100% 1*
12 02 0% 43/44 97.7% | 43/44 97.7% 0.63
13 4/4  100% 115/121 95% |119/124 95.9% 0.59
Medians: 97.5% 0.63
range: (85.4 - 100) (-0.02to 1)

* contains table cell with no entries.

100% agreement or a Kappa statistic of 1 occurred.

Table 2.10

Presence of secondary caries.
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Chapter 2

* contains table cell with no entries.

100% agreement or a Kappa statistic of 1 occurred.

Table 2.11

Overall Fissure Sealant Retention.

116

Yo % %o %
Operator Agreement Agreement Agreement Agreement | Kappa
compl. ret part.ret. missing overall
1 34/3597.1% | 38/86 44.2% 0/1 0% 72/122 59% 0.3
2 3/4 T5% 38/60 63.3% | 2/4 50% 43/68 63.2% | 0.01
3 6/8 75% 24/63 38.1% | 6/9 66.7% 36/80 45% 0.18
4 13/13 100% | 32/4571.1% | 5/6 83.3% | 50/64 78.1% 0.6
5 27/31 87.1% | 66/7983.5% | 1/1 100% | 94/11184.7% | 0.66
6 7/8 87.5% /5 20% 0/0 * 8/13 61.5% 0.22
7 3/12 25% | 85/106 80.2% | 7/11 63.6% | 95/129 73.6% | 0.29
8 93/103 90.3% | 78/133 58.6% | 1/3 33.3% |172/23971.9% | 0.47
9 172 50% 22/40 55% | 6/9 66.7% | 29/51 56.9% | 0.19
10 3/3 100% | 20/32 62.5% | 6/8 75% 29/43 67.4% | 0.42
11 2/3 66.7% 9/10 90% 00 * 11/13 84.6% | 0.57
12 1/1 100% | 38/4486.4% | 1/1 100% | 40/46 86.9% | 0.36
13 32/41 78% | 130/14689% | 3/3 100% |165/190 86.8% | 0.66
medians: 71.9% 0.36
range: (45-86.9) (0.1-0.66)




%
*DD
I (,"%
) L% (> ("8
$' 1M S
$' 1" $!
96 * 4"
% 2 3 %
D ?
D ,D
9,
\ 9,
\ ,D
5 1/ (,"%
D *%(*>*( L
$' 1" S
@ + *D** *9 *<
$ 1" B!
96 9 4"
K % 2 3 %

**?



Chapter 2

* contains table cell with no entries.
100% agreement or a Kappa statistic of 1 occurred.

Table 2.12

Decision to modify sealant restoration.

118

%o %o %o

Operator Agreement Agreement Agreement Kappa
modify not modify overall Statistic
1 10/41 24.4% | 73/81 90.1% | 83/122 68% 0.16
2 18/51 35.3% | 15/17 88.2% | 33/68 48.5% 0.14
3 4/50 8% 29/30 96.7% | 32/80 40% 0.01
4 18/33 54.5% | 28/31 90.3% | 46/64 71.9% 0.44
5 49/55 89.1% | 38/56 67.8% | 87/111 78.4% 0.57
6 03 0% 9/10 90% 9/13  69.2% -0.13
7 18/63 28.6% | 50/66 75.7% | 68/129 52.7% 0.04
8 14/65 21.5% | 168/174 96.5% | 182/239 76.1% 0.23
9 21/35 60% 10/16 62.5% | 31/51 60.8% 0.2
10 8/19 42.1% | 19/24 79.2% | 27/43 62.8% 0.22
11 4/7 57.1% 4/6 66.7% 8/13 61.5% 0.23
12 16/28 57.1% | 11/18 61.1% | 27/46 58.7% 0.17
13 73/106 68.9% | 69/84 82.1% | 142/190 74.7% 0.5
medians: 62.8% 0.2

range: (40-78.8) (-0.13t0 0.57)
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Chapter 2

Yo %o %o

Operator Agreement Agreement Agreement Kappa

replace not replace overall Statistic
1 174 25% 118/118 100% | 119/122 97.5% 0.39
2 173 33.3% 64/65 98.5% | 65/68 95.6% 0.38
3 4/9 44.4% | 69/71 97.2% | 73/80 91.2% 0.48
4 172 50% 59/62 95.2% | 60/64 93.7% 0.3
5 2/4  50% 107/107 100% | 109/111 98.2% 0.66
6 00 * 13/13 100% 13/13 100% 1 *
7 177 14.3% | 122/122 100% | 123/129 95.3% 0.23
8 173 33.3% | 236/236 100% |237/239 99.2% 0.53
9 1/5 20% 46/46 100% | 47/51 92.1% 0.31
10 11717 64.7% | 23/26 88.5% | 34/43 79.1% 0.55

11 0/1 0% 12/12 100% | 12/13 92.3% 0

12 2/4 50% 42/42 100% | 44/46 95.6% 0.64
13 7/8 87.5% | 179/182 98.3% | 186/190 97.9% 0.76
medians: 95.6% 0.48

range: (79.1 - 100) Oto 1)

* contains table cell with no entries.
100% agreement or a Kappa statistic of 1 occurred.

Table 2.13 Decision to replace sealant restoration.
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