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SUMMARY

The application of sealants to pits and fissures on occlusal
surfaces of teeth as a caries preventive measure has been evaluated in
numerous clinical studies, However, the duration of sealant cover and
the caries reductions found in these different trials were extremely
variable, even where the same materials, and ostensibly the same
techniques, had been used. The primary objective of this study was to
investigate physical factors involved in applying sealants and to
devise changes in materials and application procedures to ensure long
term sealant retention and caries reducfion. A second objective was
to explain the very poor retention found by Stephen, Sutherland and
‘Trainer (1976) for the TP2206 (Alphaseal) fissure sealant system.,

The effects of various clinical factors, including moisture
contamination and surface treatments, én thevadhesion between sealant
and enamel were assessed using a new tensile testing technique. These
tests also indicated the importance of applying sufficient u.v,
radiatioh to set the resins. A subsequent investigation of the output
and distribution of radiation from u.v. sources supplied for clinical
use, showed a wide range in performance for different units of the same
type. In particular, one of the sources used by Stephen et al.(1976)
had a very low output,

Studies with microhardness measurements showed that Nuva-seal set
more rapidly and to a greater final hardness when higher u.v.
intensities were used. Alphaseal set more slowly than Nuva—seal; and
did not set readily in depth. U.V. absorption measurements indicated
that the transmission through Nuva-seal was sufficient to allow setting
to the depths normally expected of fissure sealants. Alphaseal showed
much stronger absorption, which was partly due to a flucrescent dye

incorporated to aid leng term sealant detection, end partly due te the
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high concentration of catalyst used (5% w/w).

The setting behaviours of three u.v. activated scalants (Nuva-
seal, Alphaseal and Nuva-cote) were compared using a new method, which
relied on the passage of acoustic vibrations to determine the set. The
nature of the dependence of the rate of set on the u.v. intensity was
similar for all three materials., However at any given intensity Nuva-
seal set faster than Nuva-cote and Alphaseal by factors of about 4 and
13, respectively. The slow setting of Alphaseal was largely due to the
strong absorption of the u.v. radiation in the surface layers., Removing
the fluorescent dye and reducing the catalyst concentration to 1% w/w,
resulted in an increase in the rate of set of Alphaseal by a factor of
10.

- Thus it was concluded that the poor retention found by Stephen
et al. (1976), was probably due to the low output of the u.v, sources
uSed, and the inadequate setting of the TP2206 resin, due to the strong
absorption of the polymerising radiation in the surface layers. |

A replication technique for use with the Scanning Electron
Microscope was developed to study in vivo changes in sealant morphology
on selected teeth. In an eight month study of the retention of Nuva-
seal, material was observed to be lost by abrasion over the entire
sealant surface,‘énd by occasional brittle fracture which resulted in
the loss of relatively large fragmenis. Retention of thick layers of
sealant appeared to be superior to thinner applications, and premolar
surfaces retained the sealant better than molars.

Based on all these studies, an improved protocol for sealant
application was developed and its effectiveness confirmed by a clinical
trial using the Nuva System. Here, a dental auwxdliary achieved sealant
retention, over one year, which was superior to that found in all

previous trials except that reported by Helle (1975). Blind



examinations after 6 and 12 months revealed 98% and 93% complete
retention in first permanent molars, which have been shown to be the

most difficult, yet most desirable, to seal.

11
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CHAPTLR ONE

LITERATURE REVIEW AND AIMS OF PRESENT INVESTIGATION

1.1 Introduction

Increasingly, preventive techniques are sought as an alternative
approach to the problem of dental caries. Various methods of fluoride
treatment have demonstrated considerable success in preventing caries,
However, a number of studies have shown that such fiuoride treatments
are least effective in preventing the development of pit and fissure
caries in molars and premolars. (Ast et al., 1956; Backer-Dirks,
Houwink and Kwant, 1961; Blayney and Hill, 1967). However, pit and
fissure lesions represent a significant portion of observed carious .
sites, particularly in the first permanent molars of six to nine-year-
old children., Thus the extremely rapid development of fissure caries
in first permanent molars following their eruption in six-year-olds,
has been recogﬁised as a major problem in the dental care of young
children (Hargreaves, 1964).

The complex morphology of pits and fissures prevents an adequate
self-cleansing process and cleaning with a toothbrush is quite
ineffective. Hence these sites form havens for the accumulation of
debris and micro-organisms. Fed with nutrients from our high sucrose
diets, some intfauoral 5acteria produce acids which cause the carious
destruction of adjacent enamel., It has long been appreciated that the
sealing of pits and fissures from the oral environment might prevent
occlusal caries. Not only would the accumulation of bacteria be
preventéd, but any organisms accidentally sealed into the fissures

would be isolated from their supply of dietary nutrients.



1,2 Caries Susceptibility of Occlusal Pits and Fissures

In a review of the dental literature Iyatt (1930) noted that pits
and fissures had been associated with a high incidence of occlusal
caries as early as the 19th century. Since then the high incidence and
rapid development of occlusal caries has been well documented (Day and
Sedwick, 1935; Grainger and Reid, 1954; Parfitt, 1955; Barr, Diodatti
and Stephens, 1957; Backer Dirks, 1961; Hargreaves, 1964; Berman and
Slack, 1973).

Parfitt (1955) cxamined the caries distribution in children aged
from 2 to 15 years. The greatest proportion of caries in the permanent
dentition was found on occlusal surfaces of first and second molars.,

The two most commonlj found carious sites for children of 8 years and
over were the occlusal surfaces of upper and lower first permanent
molars, which represented at least 30% of the caries present in any of
the age groups,

Day and Sedwick (1935) stated that occlusal decay in 13 year old
children represented 45% of the caries in the permanent dentition.
Hargreaves (1964) found that up to 12 years, the first molar was the
main tooth affected by caries in the permanent dentition, with the
initial attack in the pits and fissures, approximal lesions occurring
later,

The incidence of caries in different tooth sites was studied by
Backer Dirks (1961) in a longitudinal study of a group of children
from 9 to 15 years of age., The distribution of caries at age nine is
shovn in Fig. 1.1. Here, pit and fissure lesions had developed in 85%
of the upper and 70% of the lower first permanent molars.,

Berman and Slack (1973) concluded that the occlusal surfaces of
al} teeth, with'the possible exception of the lower first premolar,
showed & high degrze of susceptibility and rapidly developed caries in
advance of approximal and smooth surfaces.

Thus the dental needs of primary school children over the age of
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Fig. 1.1 The incidence of proximal and fissure carious lesions in a

group of nine-year-old children is shown for upper and lower
incisors (11,12), canines (C) premolars (Pl’Pp) and first

permanent molars (Ml) (Backer Dirks,l 1961).
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'six and dominated by the rapid development of fissure caries in first
permanent molars, Lewis and Hargreaves (1975) emphasised that fissure
sealants should be applied to first permanent molars as soon as possible

after eruption.

1.3 The Effect of Fluoride on Pit and Fissure Caries

Fluoride is now widely used in a variety of forms for the
prevention of caries, and its effectiveness has been well established.
Therefore one may ask whether there is a role for fissure sealants to
play in preventive dentistry. However, the most successful trials have
indicated that sealants have the potential to completely prevent
occlusal caries - albeit with regular re-applications of sealant., Such
a potential has never been claimed for fluoride treatiments, where one
might expect a reduction of about 50% in the overall caries levels,
fluoride has also been‘shown to be less effective in preventing caries
of pits and fissures than on smooth surfaces and interproximal areas,
Ripa (1975) noted that this effect has been demonstrated where the
fluoride was present in toothpaste (Muhler et al., 1954), in table salt
(M=rthaler and Schenardi, 1962), in tablet form (Marthaler, 1967 and
1969), in a topical gel (Englander et al., 1969) in prophylactic paste
(Peterson et al., 1969) or in the community water supply (Ast et al.,
1956; Backer Dirks et al., 1961; Blayney and Hill, 1971). Therefore
many authors have stressed that sealants should be used in conjunction
with other preventive systems such as fluoride treatments, since there
would be little benefit in preserving the occlusal surface while

allowing the others to decay (Buonocore, 1975; Ripa, 1976).

1., The Acid Etch Technique

The use of an acid conditioning treatment to improve adhesion to
enamel was first advocaled by Buonocore (1955). An 85¢ concentration

of phosphoric acid was applied to aamel for 30 seconds prior to being
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washed off. The increased adhesion following such an acid treatment
has been attributed to a number of factors:
(a) a tremendous increase in the surface area due to etching;
(b) exposure of the organic material of enamel to which the resin can
adhere;
(e) removal of old, fully reacted and inert enamel surface to expose
a more reactive surface;
(d) adsorption of highly polar phosphate groups from the acid;
(e) increase in the wettability of the surface (Gwinnett and
Buonocore, 1965).
It was about ten years after the pioneering work of Buonocore
‘ (1955) that materials were developed to take advantage of the "acid
--wetch technique?, These are now used in a wide range of adhesive dental
procedures including composite restorative materials, direct
orthodontic bonding systems and pit and fissure sealants, Current
systems employ a variety of acid etch procedures, the Nuva-System
(L.D. Caulk Co.) using a one minute application of 50% w/w phosphoric
acid buffered by 7% by weight zinc oxide. A similar time with 307 w/w
phosphoric acid is recommended for the Alphaseal system (Amalgamated
Dental Co.) whereas Epoxylite 9075 (Lee Pharmaceuticals) requires the
enamel to be exposed to a 50% w/w phosphoric acid solution for only
30 seconds, and Concise Enamel Bond (3M Co.) uses a 37% w/w
concentration of phosphoric acid applied for one minute, Such a wide
range in acid etching techniques suggests that there is little agreement
on which is the best method. .
Prism-like tags of sealant penetrating into acid conditioned enamel
surfaces have been observed in sections of sealed teeth by many research
workers (Gwinnett and Matsui, 1967; Buonocore, Matsul and Gwinnett,
1968; Sharp and Grenoble, 1971; Sheykholeslam and Buonocore, 1972;

Gwinnett and Ripa, 1973; Retief, 1973; Silverstone, 1974; Jorgenson
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and Shimokobe, 1975; Soetopo, 1975). Reports on the lengths of these
tags have varied from about 9 pum (Jorgenson and Shimokobe, 1975) up to
60 pm (Silverstone, 1974). A wide range of enamel adhesives have been
found to penetrate acid-conditioned enamel, although Dogon (1976)
showed that the length of tags formed depended on the viscosity of the
resin. Sealant penetration has also been shown to vary from one tooth
to another and from one site to another on the same surface (Gwinnett
and Matsui, 1967). The duration of exposure, concentration and type
of acid used to condition the enamel also affects the sealant
penetration (Silverstone, 1974; Soetopo, 1975).

The extent of sealant penetration into partially decalcified
enamel was demonstrated at the microscopic level with a Transmission
Electron Microscope (T.E.M.) by Simmelink, Nygaard and Scott (1974),
who concluded that the network of resin not only surrounded the crystals
of hydroxyapatite but penetrated and polymerised in their dissolved
cores,

The Scanning Electron Microscope (S.E.M.) has been used to examine
the appearance of enamel following acid conditioning, and the
undersurface of sealant after demineralisation of the enamel (Gwinnett,
1971a; Gwinnett and Buonocore, 1972; Hoffman, 1972; Gwinnettand Ripa,
1973; Myers, Rossi and Cartz, 1974; Silverstone et al., 1975;
Marshall, Olsen and Lee, 1975; Jorgenson, 1975; Jorgenson and
Shimokobe, 1975; Kochavi, Gedalia and Anaise, 1975). In particular
- this technique has been used to compare the etching of different
concentrations of phosphoric acid (Ohsawa et al. 1972; Silverstoge, 1974;
Soetopo, 1975). At low concentrations the degree of etching was found
to increase with increasing concentrations of phosphoric acid up to
-20 - 40% w/ﬁ. Thereafter, further increases resulted in a decreased
etching effect.

This phenomenon has been explained by Chow and Brown (1973) as
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being due to the deposition of salts on the enamel surface when higher
concentrations of phosphoric acid are employed, Marshall et al. (1975)
used a scanning electron microscope to show variations in the etching
pattern on the occlusal surfaces of individual teeth and between molars
and premolars. Enamel was not found to be etched in the region of the
pits and fissures, and premolars were more readily etched than molars.

Many authors have presumed that it is possible to deduce the
degree of adhesion which an adhesive attains on the basis of the
degree of penetration into the enamel. Therefore the presence and
length of penetrating tags of sealant has been taken as a measure of
the extent of the adhesion attained. In addition, some authors have
tried to relate the different degrees of porosity present in surface
enamel to the resulfant adhesion achieved in vivo., Since there have
been very few direct studies to prove these assumptions, the results of
tests of sealant adhesion to enamel, using various acid etch procedures,

are presented in Chapter Two.

1.5 Remineralisation After Acid Ftching

The use of acids to promote adhesion to enamel has caused concern
that etched surfaces might be more susceptible to caries., When sealants
are applied not all of the etched enamel will be covered with sealant.
It haé been suggested, however, that these etched surfaces are able to
remineralise" using constituents in the saliva. . In a review of the
literature, Wei (1967) concluded that although there was much evidence
for the existence of '"remineralisation" the nature of the procesé was not
fully understood. The recovery of enamel following the use of an acid
etch to proﬁote'adhesion has been étudied by Retief, Dreyer and Gavron
(1970), Albert and Grenoble (19?1),'Arana (1974) and Meurman and
ksikainen (1976). Retief et al. (1970) reported that enamel treated with 507

phosphoric acid showed a normal appearance after one week. Albert and



Grenoble (1971) reported that four teeth etched with 50% phosphoric
acid for one minute regained their normal appearaﬁce after 96 hours,
when examined on the Scanning Electron Microscope. Although Meurman
and Asikainen (1976) agreed that etched enamel regained its normal
appearance within the mouth, they found that it was only rehardened

up to 84L% of its original value, Closer examination with the Scanning
Electron Microscope showed that the enamel surface did not fully
regain its intact, non-porous nature since micropores and defects
remained in the surface topography during the three week study period.
They concluded that rehardening was due to the calcification of
salivary deposits in the microspaces left after etching, but pointed
out that this renewed enamel surface was not necessarily less resistant
to bacterial attacks since it may have an enhanced fluoride content and
therefore be more resistant to further decalcification.

It should also be noted that examination of the occlusal surfaces
of teeth after acid conditioning has shown that the etch is confined to
the cuspal slopes and does not penetrate into the pits and fissures,
where occlusal caries usually develops (Marshall et al., 1975).

Further evidence that acid etching does not promote occlusal caries is
provided by clinical trials with sealants, which show no increase in
caries even after the loss of the sealant (Horowitz, Heifetz and

Poulsen, 1976).

1.6 Microleakage Studies on Fissure Sealants

Sealants may be regarded as a barrier between occlusal pit; and
fissures and the oral environment, preventing the accumulation of
bacteria in the fissures and eliminating the supply of nutrients to
any bacteria already present. If sealants allow significant
microleakage from the oral environment their caries preventive effect

may be lost. Therefore a variety of technigues, which have previously
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been used to assess the marginal leakage of restorative dental
materials, have been used to determine the microleakage allowed by
fissure sealants. Although the significance of the microleskage levels
observed has been difficult to assess, it has been assumed that the
lower it is the better, and different materials compared on that basis.

In a review of the literature on the microleakage permitted by
restorative materials, Kidd (1976) listed a wide variety of techniques,
including the use of dyes, radioactive isotopes, air pressure, bacteria,
neutron activation analysis, artificial caries and scanning electron
microscopy. Many of these methods have now been adapted for the study
of fissure sealants. The first study of fissure sealant microleakage
was by Khowassah and Sahs (1966), when methyl-2-cyanoacrylate adhesive
was shown to have superior sealing ability than three dental cements
using an in vitro dye penetration technique,

The sealing effectiveness of cyanocacrylate adhesives was confirmed
by Buonocore, Matsui and Gwinnett (1968) using a dye and radiocactive
sulphate to compare the sealing effectiveness of a cyanoacrylate
adhesive, a self-curing methyl methacrylate resin, and silicate and
zinc phosphate cements. After storage for 6 and 12 months neither of
the two cements remained bonded to enamel specimens, but both the
cyanoacrylate and methyl methacrylate materials prevented the
penetration of the radio-isotope and the dye along the adhesive/enamel
interface where an acid conditioning treatment had been used.

lee and Swartz (1971) investigated the sealing effectiveness of
a polyurethane resin by examining radioautographs of 30 seqtioned teeth
which had been stored at 37°C for 7 days after sealing and immersed in
a solution of Calcium 45. Although the isotope was detected beneath
the fissures in seven specimens, this was attributed to improper

technique.

Woody, Moffs and McCune (1972) used a similar method to show that
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microleakage was prevented by a u.v. activated dimethacrylate
(presumably Nuva-seal), but not by the polywrethane, cyanoacrylate and
polycarboxylate materials which they tested. Rudolph, Phillips and
Swartz (1974) demonstrated sealing effectiveness of two commercial
sealants (Nuva-seal and Epoxylite 9075) and one experimental diacrylate
sealant. Sixty teeth sealed with each material exhibited little or no
leakage of isotope, even when stored for three months and thermally
cycled. Martinez, Cooley and Greener (1974) compared the sealing
effectiveness of three sealants by a scanning electron microscope
examination and a resistance test, on teeth sealed in the laboratory.
They found that Nuva-seal and Epoxylite 9075 failed in 25 out of 100
cases immediately after placement, with subsequent temperature cycling
and toothbrushing producing no further failures. Dennison et al. (1974)
tested. three sealant materials for their ability to reduce the uptake of
dysprosium, detected by neutron activation analysis. The authors did
not state that leakage was prohibited, but asserted that the fluid
exchange detected was minimal for all the materials (a bis-GlUA resin,

a- cyanoacrylate and polyurethane).

Williams, Fraunhofer and Winter (1975a) used dye penetration and
zero resistance current measurements to study the microleakage of five
fissure sealants. They found that the polymeric materials (Nuva-seal,
Epoxylite 9075 and Espe 717) resisted microleakage through the body of
the sealant, and when leakage did occur it was along the sealant/enamel
interface. However, Aspa and Poly F cement-like sealants showed
microleakage through the body of the material as well as at the
sealant/enamel interface.

Thus the studies carried out with dyes and isotopes found that
diacrylate fissure sealants did not generally allow microleakage, while
other adhesives showed poorer sealing ability. Only Martinez et al.

(1974) observed leakage with the diacrylates, which they attributed to
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incomplete polymerisation of Nuva-seal and shrinkage of Epoxylite 9075.

Although microleakage experiments have Been able to compare the sealing

effectiveness of different materials in the laboratory, the difficulties
involved in realistically simulating an oral environment limit any

deductions about clinical performance.

1,7 Bacteriological Studies on Fissure Sealants

Sealing is normally applied to caries free occlusal surfaces.
However, because of the difficulty in detecting early caries dewvelopment
it is likely that many incipient lesions are inadvertently sealed.
Bacteria may also enter the fissures by penetrating between sealant and
enamel, Therefore it is important to determine whether bacteria can
survive under fissure sealants, and whether they retain the capacity to
promote caries.

Pink (1972) demonstrated bacterial penetration around fissure
sealants using an in vitro technique. Handelman (1976) has suggested
that the leakage observed by Pink may have been due to cracks in the
enamel produced at the time of extraction. However, Mednick, Loesche
and Corpron (1974) found bacterial leakage around sealants using an
in vivo technique. Sterile paper points which were sealed into
cavities with Nu&é-seal were found to be contaminated in 10 of the 19
teeth which were sealed for periods of 21 to'llé days. Although no
precise estimate was made, Mednick and his co-workers concluded that the
magnitude of bacterial leakage around sealants was rather small.

Since bacterial leakage seems to occur, and bacteria may well be
sealed into fissures, the viability of any retained organisms is
important. Handelman, Buonocore and Heseck (1972) made a quantitative
estimate of the fate of bacteria under sealants., Six teeth with
fissure caries were sealed with Nuva-seal and the lesions

bacteriologically sampled one month later. The count of viable



bacteria in the carious dentine of sealed teeth was reduced fifty-fold
below that of nine unsealed control teeth. These preliminary findings
'were confirmed in later studies of teeth which were sealed for periods
up to two years. After an initially rapid fall in the first few weeks
the organism count fell gradually until after two years, a thousand-
fold reduction vas noted (Handelman, Buonocore and Schoute, 1973;
Handelman, Washburn and Wopperer, 1975; Handelman, 1976).

Mednick et al. (1974) also evaluated the viability of organisms
under sealants by placing paper points contaminated with bacteria into
cavities in primary molars and covering with Nuva-seal. An examination
of 18 teeth which were extracted after having been sealed for 30 to 73
days, revealed that half the paper points had increased their bacterial
content and half had decreased, although details of the numbers
involved were not specified. Nevertheless, Mednick and his co-workers
concluded that the viability of bacteria under sealants was seriously
impaired by the inadequacy of the nutrient supply.

Jeronimus, Till and Sveen (1975) assessed the viability of micro~-
organisms in carious lesions of teeth which were sealed with three
commercial pit and fissure sealants, The lesions were classified as
being incipient, moderate or deep and bactericlogically sampled within
10 minutes of seéling and after two, three and four weeks. The
retention of the three sealants employed varied considerably, with
Nuva-seal being retained in all of the teeth treated, while considerable
losses were observed with Epoxylite 9075 and 3M Caries Preventivg
Treatment. The majority of incipient leslons contained cultivable
micro-organisms 10 minutes after the placement of the sealant, although
in three instances negative cultures were obtained suggesting that the
acid treatments used may have aifected the bacteria. Iater examinations
after two, three and four weeks resulted in negative cultures from the

dentine of these incipient lesions whenever the sealant was well

N



retained. Where sealant was lost the cultures were generally positive.
Micro-organisms were found in almost all cases where moderately deep
and deep lesions were sealed., However, there was no assessment of any
reduction in the number of organisms present, as had been demonstrated
by Handelman et al. (1972, 1973, 1975 and 1976).

Thus, current knowledge indicates that fissure sealing will
greatly impair the viability of micro-organisms, particularly in
superficial lesions. Where deepkor moderately deep lesions are sealed
the survival of bacteria remains debatable., However, by closing the
lesions from the oral environment one expects the supply of
fermentable substrates to be greatly reduced, thus perhaps slowing the
progress of caries. The arresting of caries lesions deep in the
dentine by closure from the oral environment has already been
demonstrated by Besic (1943) for amalgam cavities., He concluded that:
"It appears as though (a) the carious process in dentine definitely
stops or gradually ceases as soon as the lesion is closed from the oral
environment even when the organisms remain alive; (b) the bacteria
have a tendency to die out; but (c) in 30% of the cases studied
positive cultures of streptococci persisted after being sealed for more
than a year."

Jeronimus et al. (1975) and Handelman (1976) observed that
dentinal caries sealed from the oral environment became dry, dark in
colour and of leathery appearance suggesting that this was consistent
with the arrestment of the lesion. Micik (1972) demonstrated thg
arrestment of caries-like lesions with fissure sealants using an
in vitro method. Further evidence that caries does not progress under
sealants is provided by the numerocus clinical trials in which caries
development under transparent sealant; such as Nuva-seal, has not been

observed.

N
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1.8 Clinical Trials of Sealants

1.8.1 Early attempts at fissure sealing

Although the desirability of sealing fissures has long been
appreciated, early attempts to achieve this were unsuccessful. Miller
(1905) was the first to put the concept into practice, by applying
silver nitrate to close off pits and fissures. Iater Hyatt (1923)
recommended the preventive application of dental cement immediately
following eruption, with later application qf amalgam restorations.
However, this process of "prophylactic odontotomy" met with protest
due to the removal of healthy tissue. Bodecker (192L) proposed an
initial application of oxyphosphate cement, and subsequent
eradication of the fissures without placement of an amalgam filling.
However the dental.profession remained unconvinced and declined such
radical procedures. Prime (1937) returned to the use of silver
nitrate and claimed some success in reducing occlusal caries, but Klein
and Knutsen (1942) failed to reproduce this. The use of nitrocellulose
to.penetrate naturally decalcified areas as proposed by Gore (1939),
was not successful., Gottlieb (1948) employed zinc chloride treatments
to impregnate occlusal surfaces soon after eruption with some success,
but not enough to gain widespread popularity. Less successful was the
application of copper cement by Miller (1950).

Thus between 1905 and 1950, numerous materials were tried but
none were really successful. The fundamental concept of sealing was
valid but the right materials not yet available. However, since 1950
a vast array of synthetic resins and adhesives has been developed in
industry, and it‘seemed that eventually such advances might solve the
problem of adhesion to enamel.

Buonocore (1955) improved these prospects when he showed that a
phosphoric acid etch enhanced the bonding of methyl melhacrylate to

enamel. Nonetheless it was twelve years before Cusio and Ducnocore
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(1967) reported the results of a pit and fissure sealant trial using
such an acid etch technique. This trial marked the start of a revival
of attempts to seal occlusal pits and fissures in the United States,
although the first adhesive sealants to be tested clinically were the

cyanoacrylate resins, already under investigation in Japan.

1.8.2 Cyanoacrylate sealant systems

Takeuchi (1964) first reported the use of a cyanocacrylate resin
td prevent occlusal caries. He described a method whereby ethyl-2-
cyanoacrylate was applied to the tooth and powdered polymethyl
methacrylate added to the liquid, and the mixture pushed into fissures.
By re-applying the sealant every six months a 90.5% reduction in caries
was established over a five year period (Takeuchi et al., 1971).
However, Lee and Orloﬁski (1975) reported that while Ninomiya et al.
(1968) also found a considerable reduction in occlusal caries,
Nakagald et al. (1971) failed to confirm Takeuchi's success.

Gwinnett and Buonocore (1965) reported the development of a
séalant system in which methyl-2-cyanoacrylate was blended with
polymethyl methacrylate powder before being applied to tooth surfaces
which had received a treatment with phosphoric acid. Cueto and -
Buonocore (1967) used this technique to produce an 86+3% reduction in
occlusal caries after one year, and Ripa and Cole (1970) confirmed its
effectiveness, However, Parkhouse and Winter (1971) failed to
reproduce the early success of the American clinical trials. A lively
debate ensued in the pages of the British Dental Journal with both
Ripa (1971) and Gwinnett (1971b)suggesting that the changes which
Parkhouse and Winter had made in the application technique, explained
their poor results.

Although these studies with cyancacrylate resihs confirmed the

potential of pit and fissure sealants for preventing occlusal caries,
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their success was limited by deterioration on exposure to moisture in
the mouth and these materials have been superceded by diacrylate

sealants,

1.8.3 Diacrylate fissure sealants

Bowen (1963) described the preparation of a monomer comprising
the adjunct of bisphenol-A and glycidyl’methacrylate (bis-GMA), This
monomer has played a major part in the development of new adhesives in
denfistry, and is now a major constituent in most of the currently
available fissure sealants and composite restorative materials,
Roydhouse (1968) reported the first use of a diacrylate fissure sealant,
consisting of the bis;GMA monomer diluted 20% by methyl methacrylate
(MMA) and cured with benzoyl peroxide. The sealant was applied in a
thin layer to the occlusal surfaces, without using acid etching to
promote adhesion. A 29% caries reduction was observed 3 years after
thé initial application, although little bulk retention was apparent.

Buonocore (1970) modified the diacrylate system used by
Roydhouse to allow rapid polymerisation on exposure to ultra-violet
radiation. Here, three parts by weight bis-GMA, diluted one part by
weight MMA was initiated by the addition of 2% benzoin methyl ether.
The resin was apﬁlied with a brush to enamel surfaces pre-conditioned
with a 50% phosphoric acid etch for 60s. After one year 99% of the
sealant applications remained intact and occlusal caries was completely
prevented. ILater, Buonocore (1971) reported that 87% of the permanent
teeth and 50% of the deciduous teeth remained covered after 2 years, and
99% and 874 éaries reductions were observed, respectively. These
successfulAresults represented a considerable advance over all previous
trials, both in terms of sealant retention and caries reduction. Using
the same system, Rock (i972) could not fully reproduce Buonocore's

success with only 54% of ireated teeth covered afier one year, and a



65% reduction in occlusal caries. However, the initial studies were
éufficiently encouraging that the system was marketed as the pit and
fissure sealant Nuva-seal (L.D. Caulk Co., Milford, Delaware, U.S.A.).
A compact Nuva-lite u.v. source replaced the bulky Spectoline lamp
which Buonocore had adopted for his first clinical trial.

The Nuva-seal system has now been evaluated in over 28 independent
clinical trials, and is by far the best tested and most popular system
in use today. More recently developed materials have yet to exceed it
in either popularity or in successful application in clinical trials.
The results of these Nuva-seal trials are examined in detail in the
next section of this chapter.

Another diacrylate fissure sealant "Epoxylite 9075" (Lee
Pharmaceuticals Co. Ltd.) is now available. This system is similar to
the formulation used by Roydhouse (1968), with the material being
applied in two layers. The first layer contains a peroxide catalyst and
the second, an accelerator, The subsequent diffusion of the two layers
results in polymerisation and any excess monomer is wiped off. Robb and
Garcia (1972) reported complete prevention of occlusal caries one year
following the application of the material, with 97% of unfluoridated
teeth remaining completely covered., However, Rock‘(1973) found only 59%
retention after éix months and 53% after one year. By two years, Rock
(1974a) found that 52% of these teeth were still totally covered with an
84% reduction in occlusal caries., Williams and Winter (1976) reported
that 49% of pits and fissures treated with Epoxylite 9075 were still
covered after one year, and L4% at two years. Both Rock (1974a) and
Williams and Winter (1976) found poorer retention than that claimed
by Robb and Garcia (1972). In addition to the published trials of
Ppoxylite 9075, lee and Orlowski. (1975) summarised the findings of a

number of research reports by the manufacturers indicating successful



retention of sealant and claiming significant caries reduction. In
ge@eral, Epoxylite 9075 has not achieved the same degree of success as
Nuva-seal and has therefore not been the subject of as many clinical
‘and laboratory studies.

Alphaseal is an u.v. polymerised fissure sealant recently
developed by the Amalgémated Dental Company, london. This material
was originaily studied as the experimental product TP2206 in vitro by
Silverstone (1974) and in vivo by Rock (1974a) and Stephen, Sutherland
and Trainer (1976). The main resin component is the reaction product
of an aliphatic chain di-isocyanate and a hydroxyalkyl methacrylate,
diluted with a cross-linking monomer, the dimethacrylate of 1, 3,
butanediol and a fluorescent dye. After the addition of the catalyst
(Trigonal 14, Akzo Chemie Ltd., Wandsworth, London) polymerisation is
activated by exposure to u,v. radiation in the 365 nm region, from a
quartz fibre-optic u.v. source, described by Rock (1974b) and Stephen
et al. (1976) as the Quartzlite, prior to marketing as the Alphalite.
The fluorescence of the sealant on exposure to the radiation is
designed to facilitate detection after long periods in the mouth,
Using this system Rock (1974a) found 82% of the treated teeth completely
covered after one year, and noted an 85% reduction in caries. The only
other published trial found as little as 2:3% of TP2206 applications
intact thé following year, although a 43% reduction in occlusal caries
was noted (Stephen et al., 1976).

Williams, Casson and Winter (1974) studied another u.v.
polymerised fissure sealant Espe 717 (Espe GmbH, Gefmany). They
reported disappointingly poor sealant retention with a correspondingly
low caries reduction. A modified version of the material, Espe 71729,
failed to improve on these results, with poorer retention and caries
reduction than the original formulation (Williame and Winter, 1976). As

yet no other trials of this material have been reported in the dental



29

literature.

The Concise Enamel Bond System (3M Co., St. Paul, Minnesota,
U.S.A.) is used by mixing equal parts of resin and catalyst. The
tooth surface is preconditioned for 60s with a 37% concentration of
phosphoric acid. Helle (1975) compared the performance of this system
with Nuva-seal and found poorer retention of Concise Enamel Bond than
with Nuva-seal, but the difference was not claimed to be significant.
Ulvestad (1976) evaluated a diluted form of the Concise composite
material and found sealant retained on 95% of all treated surfaces of
first permanent molars, and on 100% of all premolar surfaces, after a
two year period.

Delton pit and fissure sealant is marketed in the United States
by Johnson & Johnson Ltd. Bojanini et al. (1976) carried out a clinical
trial on a number of formulations of this material and reported that
the best of these (SF-119) was completely retained after one year on
91+6% of treated first permanent molars, and the incidence of occlusal
caries was reduced by 90%. Brooks et al. (1976) compared Delton with
Nuva-seal., After one yeér, complete sealant retention was found in 95%
of the first permanent molar teeth treated with Delton and 84% of the
teeth treated with Nuva-seal. Thus these two recent studies suggest
that Delton may give better caries reduction than Nuva-seal because of
its improved retention. However, Delton pit and fissure sealant
requires further evaluation before the merits of the two systems can be
properly compared.

Kerr pit and fissure sealant is a filled bis-GMA resin which is
available, as yet, only in the United States. Dennison, Charbeneau and
Ryge (1975) and (1976) used this sealant to treat first permanent
molars in five to nine year old children. After six months, sealant
retention was 919 with an effective caries reduction of 83%. After 18

months complete retention was found in L% of the teeth with a
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corresponding caries reduction of 76%. As with Delton, the Kerr
system has demonstrated some results which compare favourably with
those of Nuva-seal but further evaluation by other researchers will be

required before any firm conclusions can be reached.

1.8.) Other sealants

Epoxylite 9070 (Lee Pharmaceuticals, California, U.S.A.) was a
polyurethane sealant which relied on the release of fluoride for
caries prevention., McCune and Cvar (1971) reported a caries reduction
of 59% at six months but found poor sealant retention. Rock (1972)
confirmed the early loss of this sealant with only 1.4% of fissures
fully sealed by Epoxylite 9070 after six months, and even these were
uncovered at the one year examination. However, Rock did report a
43% reduction in occlusal caries, although the number of teeth tested
was rather small. Despite this limited degree of success, Epoxylite
. 9070 is no longer available, since it has been superceded by the more
succéssful diacrylate formulation, Epoxylite 9075,

Aspa is a glass-ionomer cement marketed by the Amalgamated Dental
Co., london, and developed by the Laboratory of the Government Chemist
for sealing dental pit and fissures. McLean and Wilson (1974)
reported encouraéing results with 84% of fissures treated with Aspa
cement, still fully covered after one year, and 78% fully covered after
two years. Caries was observed to develop solely where the sealant
was lost., Theé only other trial with Aspa found poor results (Wi}liams
and Winter, 1976). However, Williams and Winter neglected to use the
cavity varnish which the originators of the technique (McLean and
Wilson) had stated was essential,

The effect of a methyl methacrylate and tri~n-butylboron
(MMA-TBB) sealant in preventing occlusal caries was studied by Ohmori

et al, (1976). Sealant retention was not quoted but a caries reduction
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of 57% was observgd in first permanent molarsafter two years.

The use of silico-phosphate cement (Petralit, Dental Filling '
Ltd., London) to fill fissures was tested by Wallis (1973). Only 41%
of the 78 tfeated fissures remained covered after six months, and
although a caries reduction of 60% was observed, it was not found to be

statistically significant.

1.9 Clinical Trials with Nuva-Seal

In view of the many clinical trials which have been carried out
with Nuva-seal, a comprehensive review of fissure sealing with this
system is now possible. In these trials, sealant has generally been
assessed as being wholly present, or partially or completely absent
at regular intervals after application, while the caries incidence in
control and treated groups of teeth have allowed the caries reduction
for the treated group to be calculated., Comparisons of the resulis
found in the different trials are complicated by the different age-
groups treated, different types of teeth involved, and inevitable
variations in the methods of assessment used., However, a number of

trends can be confirmed from an overall view of these studies.

1.9.1 Caries susceptibility according to retention status of sealant

Nearly all of the trials with Nuva-seal have found that caries
does not develop where sealant is wholly retained, Horowitz, Heifetz
and Pouléén (1976) studied the caries incidence in paired sites
accbrding to the retention status of the sealant after four years.
Only 1 of the 465 sites in which sealant was fully retained became
carious, while 87% of the 465 paired, untreated sites had developed
caries. Where sealant was only partially retained, 6 out of 149 sites
were carious, while 60 of the 149 paired sites had developed caries,

Where sealant was lost entirely, 57% of sites were carious compared o
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60% in the paired unsealed sites. Thus one can assert that theré is no
increase in caries where sealant is wholly or partially lost. Indeéd,
caries incidence appears to be reduced where sealant is partially
retained. However, these results do not confirm suggestions that caries
prevention may continue after sealant is lost in bulk, due to the

retention of microscopic tags of resin.

1.9,2 Variation in sealant retention from cne trial to another

Even after allowing for differences in the types of teeth treated,
large variations in sealant retention sill emerge between the various
trials. Fig. 1.2 shows the retention found in first permanent molars
for a number of different studies. Thus while Helle (1975) was able to
claim complete retention in almost all the teeth which he sealed, other
studies showed much poorer retention. This suggests that the results

obtained depended on some unknown factors in the application technique.

" 1.9.3 Retention by tooth type

It has generally been found that premolars retain the sealant
better than molars (Rock, 1972; BRock, 1974a; Graves, Bagramian and
Bhat, 1975; Horowitz et al., 1976; Meurman and Helminen, 1976). To
a8 lesser extent first premolars show better retention than second
premolars (Rock, 1973; Rock, 1974a; Horowitz et al., 1976) and first
molars show better retention than second molars (Rock 1972; Rock,
197La; Graves et al., 1975; Burt et al., 1975; Horowitz et al.{ 1974;
Bagramian and Graves, 1976).

These trends seem stronger than any differences between raxillary
and mandibular arches, for although individual trials have sometimes
shown distinct differences no consistent trend has emerged. Thus, while
Risager and Poulsen (1974) found better rctention in lower than upper

first permanent molars, Horowitz et al. (1976) observed no differcnc2.
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Cons, Pollard and Leske (1976) treated a very large number of first

permanent molars in about 1800 children and assessed retention in four
sites in these teeth; +the mesial fossa and disto-palatal groove of
the upper molar and the occlusal surface and buccal pit of the lower

molars. Retention was markedly worse in the buccal pit.

1.9.4 Duration of sealant applications

The pattern of seaiant loss after sealing is an important factor
in determining when sealant should be re-applied. Where sealant has
generally been well retained (e.g. in excess of 70% after one year)
losses tended to occur steadily during the trial period. Thus if 20%
of the seals are no longer complete at one year 40% will be "lost" or
fpartial® after 2 years, and it may therefore be useful to express
sealant losses in terms of a rate of loss per year. Thus Helle found
a loss rate of about 4%/annum; Going et al. (1§76) about 22%/anmum and
others found as much as 50%/annum. When sealant was less well retained,
there was sometimes a very rapid loss of sealant initially, followed by
a more gradual loss (e.g. Rock, 1972 and Burt et al., 1975). It may be
that the incorrect application to some teeth results in very early loss
of sealant, while successfully applied layers are lost only in the long

term due to othef factors.

1.9.5 Retention by age of subject

Many authors have pointed to the difficulties in sealing tgeth in
very young children, in particular the first permanent molar in six-year-
olds (e.g. Burt et al., 1975 and Stephen et al., 1976). However, few
studies have made direct comparisons of the retention achieved in the
same tooth type in children of different ages. However, Graves et al.
(1975) and Bagramian and Graves (1976) found 55% complete retention in

first permanent molars of 13-year-olds, but only 29% complete rctention
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in the same teeth of 7-year-olds after onc year. Such a result may be
explained by the difficulty of access to this tooth in the younger ‘

children.

1.9.6 Retention in permanent and deciduous teeth

~ Some clinical trials in which Nuva-seal has been evaluated on
both deciduous and permanent teeth have shown poorer sealant retention
on the former. (Buonocore, 1970 and 1971). It has been suggested
that this may be due to the occurrence of a layer of prismless enamel
on deciduous teeth, which does not allow the usual penetration of
sealant into the enamel (Gwinnett, 1973). Consequently, Gourley (1974,
1975) used an etching period increased from 60 to 90s for deciduous
teeth, and found better retention in deciduous than permanent teeth.
‘However, Graves et al. (1975) also found better retention in primary
molars than in the first permanent molar, although they did not
specify whether an increased etching period had been used or not. The
effect on sealant retention of possible differences in adhesion to
permanent and deciduous enamel may have been masked in all these trials

by morphological effects and differences in the ages of subjects.

1.9.7 Retention in flvoridated and non~fluoridated areas

Retention of sealant in fluoridated areas might be expected to be
poorer than in non-fluoridated areas due to the increased resistance of
teeth to acid etching. ILaboratory studies have demonstrated that
adhesion of sealant can be affected by the presence of fluoride in the
enamel (Lee et al., 1972; Low, Fraunhofer and Winter, 1975 and 1976).
However, there is little clinical evidence to indicate the effect of
fluoride in the water-supply on sealent retention. Although Cons et al.
(1976) and Bagramian and Graves (1976) carried out sealing in

fluoridated communities, it is not clear whether their results would have
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been better in a non-fluoridated community. Stephen et al. (1976)
found the surprising result that TP2206 retention was better in
fluoridated than non-fluoridated areas., However since the retention
in both areas was very low, this difference may have been caused by
other factors. Clearly further clinical studies will be required

before this issue can be clarified.

1,10 Aims of Present Investigation

Numerous studies on fissure sealants have shown that effective
caries prevention depends on successful retention of the sealant.
Provided the sealanlt cover is maintained occlusal caries can be
completely prevented, However, 2 major problem with sealants has been
" the variable retention found from one trial to another. Befére such
materials can be adopted in a community programme of preventive dentistry
the reasons for failures in sealant retention need to be understocd so
that corrective measures can be taken. Therefore, factors affecting
the retention of the most widely used material, Nuva-seal, and the more
recently developed sealant, Alphaseal, have been studied. In particular,
the role of u.v. radiation in polymerising these materials, has been
examined. The objective of these studies was the development of a
detailed clinical protocol to ensure optimum sealant retention with the
available materials and equipment. The effectiveness of such a
protocol has been evaluated in a clinical trial with the Nuva System.

An explanation is also sought for the very poor retention found in the
trial of Alphaseal (TP2206) carried out in Galloway by Stephen e% al.,
(1976), so that modifications to the materials and equipment can be made

to ensure more successful results in the future.



CHAPTER TWO

IN VITRO STUDIES OF PHYSICAL FACTORS AFFECTING ADHxSION OF
FISSURE SiALANT TO ENAMEL

2.1 Introduction

In the early stages of the development of dental adhesives, test
methods were employed which simply determined whether or not a bond
was formed with enamel, However with the gradual improvement of these
materials more quantitative tests became necessary. The two basic
tybés now in common use are the tensile and shear tests. In the
tensile test a uniform tensile stress is applied perpendicularly to a
flat adhesive/enamel interface, and the maximum sustained stress
recorded. In a shear test the stress is applied parallel to the
adhesive/enamel interface and is not generally uniformly distributed.
More elaborate testing methods have also been used with dental
adhesives, such as the pin-hole test (Williams, De Vries and Despain,
1973) ' and punch shear test (Patrick and Kaplan, 1965). In

.addition special set-ups have been designed to simulate the oral
loading experienced by directly bonded orthodontic brackets (Mizrahi
and Smith, 1969a and 1969b; Cohl, Green and Eick, 1972; Bishara,
Khowassah and Oesterle, 1975; Rich, Leinfelder and Hershey, 1975).

A number of tensile test methods found in the dental literature

. are compared in Table 1. A wide variety of dental adhesives have been
tested including methyl methacrylate based direct filling resins,
composites, cyanoacrylates, and diacrylate fissure sealants. The
substrate used was generally either bovine or human enamel or dentine.

Bovine incisors have the advantage of being more readily available
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than human tecth, and provide larger areas of flat enamel. The tensile

strengths quoted in Table 1 are typical of the results found in each
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TABLE 1 : A comparison of tensile bond testa on dental adhesives

Reference

Bowen (1965)

Mulholland and Deshazer (1968)
Lee, Swartz and Culp (1969)
HKen, Craig and Peyton (1970)

Phillips, Swartz and Rhodes (1970)

Xhowassah and Shippy (1971)
Laswell, Welk and Regenos (1971)

Lee, Phillips and Swartz (1971)
Beech (1972)

Brauer end Termini (1972)
Otsukd et al, (1973)

Wright and Beck (1973)

Jenkins (1974)

Rock (1974c)

Wiliiams, Fraunhofer and Winter (1974)

Breakspeare, Tranter and Weldon (1975)

Adhesive

Methylmethacrylate

Addent restorative
resin

Epoxylite 8985

Various commercial
restorative resins

Polycarboxylate
and zinc phosphate
cement

Cyanoacrylates
and zinc phosphate

Sevriton restorative
resin

Methyl methacrylate

Cyenoacrylates

Kadon restorative
resin
Cyanoacrylate

Kuva-seal

Commercial composite
resins

Nuva~-seal and
Epoxylite 9075

Nuva-geal ;
Epoxylite 9075

Nuva-geal

Substrate

Huwran enanmel
and dentine

Huran enamel
Bovine enamel
and dentine

Bovine enamel
and dentine

Bovine enamel
and dentine

Human enamel

Bovine enamel

Bovine enamel
Humen enanel
Bovine eramel
Bovine enamel
Human enamel

Human enamel

Human enamel

Human enamel

Humen enamel

Coeff. of Varintion

Tengile Strength

(xef/en?)
80 17%
60 50%
93 5050
90 207 - 407,
21 25% - 45%
42 15%
140 30%
75 25%
70 204
54 20% - 505
140 2075, 355
36 o 61¢
135-175 275 ~ 507
30-45 13% - 25¢
30; 43
42 55%

9 -
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case, and have reached a maximum of about 150 kgf/cmz. The coefficient
of variation provides a mcasure of the reproducibility of each test
method, and was generally rather large.

Test procedures which have becn used previously with dental
adhesives are generally unsuitable for the sealants studied here, since
they do not allow for the application of u.v. radiation. Although
Wright and Beck (1973) described a simple test for measuring the bond
strength between u.v. polymerised sealants and enamel, reproducibility
was poor, with a coefficient of variation of about 60%. Williams,
Fraunhofer and Winter (1974) obtained better results, but their method
did not permit a uniform application of u.v. radiation., A new procedure
was therefore developed to provide reproducible results and permit

uwniform irradiation of the resin.

2.2 Materials and Methods

Enamel specimens were taken from extracted human or bovine teeth
which were mounted horizontally in small plastic boxes using self-
curing acrylic resin., Each box was fitted securely to the working table
of a vertical drill, as shown in Fig. 2.1. For each tooth a fresh disc
of 600 grit, self-adhesive silicon cartide paper was pressed firmly to
an attachment set in the drill chuck. The rotating abrasive was then
applied to the embedded tooth, until a sufficiently large area of flat
enamel was prepared., Cylinders of enamel, 2¢8 mm in diameter, were cut
perpendicular to this flat surface using diamond-tipped core drills
fitted in the chuck, as shown in Fig. 2.2. ‘

The enamel surface was ebched by totally immersing each specimen
in a dappen's glass of the recommended acid for one minute. To wash
the acid thoroughly from the enamel, the specimen was transferred to a
beaker of distilled water which was stirred for at least 1 min. The

enamel specimen was dried for 5s in a jet of dry, hospital air



maintained at a flow of 5 1/min. The tooth cylinder was placed in a
"non-stick" PT FE mould as shown in Fig. 2.3, care being taken to
ensure that the cylinder formed a tight fit to prevent leakage of
sealant down the sidg of the specimen. Nuva-seal was then brushed
slowly over the etched enamel to avoid trapping air bubbles. The
quartz u.v. guide of the Nuva-lite was fitted directly over the sealant,
and maintained at a fixed distance of 2 mm by a brass washer. In early
- experiments, an exposure time of 458 was found sufficient to completely
polymerise Nuva-seal, but later a thin layer of Nuva-seal was
polymerised before applying the bulk of the sealant.
The shape of the polymerised sealant in the completed specimen
allowed for a direct pull without the need for a second adherend.
Thus no attachments were necessary, which could have blocked the u.v.
radiation thereby impeding the polymerisation process and reducing the
strength of the bond.
Completed specimens were stored in distilled water at 37°C for
about 2 hours prior to testing. A universal tester (Instron Lid.,
Highrwycombe, Bucks., U.K.) was used to pull the sealant from the
enamel at a constant rate of 0:02 cm/min and the tensile load at which
the bond failed was registered on a paper chart recorder.
The loading arrangement shown in Fig. 2.4 was designed to apply
a uniform force perpendicular to the bond surface. The bonded specimen
was fitted into a plastic collet, and the protruding enamel cylinder
firmly gripped in a three jaw chuck fixed to the Instron crosshead. A
wax lining between the attached sealant and the plastic collet ensured
a good fit. When a load was applied to the rig, the wax helped to
distribute the stress more uniformly over the load bearing surface of

the sealant.
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Fig, 2.3

BOND FORMATION

Brass
washer
Sealant
P.T.F.E.
Mould —1—> Enamel

The formation of a bond

between an enamel cylinder

and sealant polymerised by u.v. radiation.
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Fig. 2.4 The loading arrangement used for testing the tensile

strengths of btonded specimens.
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2.3 Investigation of Experimental Factors

A number of oxperimentai factors which might influence the
measured values of tensile bond strength between sealant and enamel were
investigated using the above bond testing technique with the Nuva-seal

system,

2.3.1 Effect of the wax lining

To assess the effect of using a wax lining in the testing rig to
distribute the load more evenly, 18 bonded specimens were prepared.
The bond strengths found when 9 specimens were tested with the wax
lining, and 9 without the wax lining revealed two immediate benefits
(Fig. 2.5). Firstly, it reduced the spread in the measured values, as
evidenced by the reduction in the coefficient of variation from 51% to
16% (Coeff. of Var. = Standard Dev./Mean) and secondly, it produced an

increase in the mean measured bond strength from 84 to 124 kgf/cmz.

2.3.2 Type of enamel

Of the 16 tensile bond testing arrangements listed in Table 1,
9 were performed on human enamel and 7 on bovine enamel. Bovine
enamel is not, however, the same as human enamel, as shown in the
scanning electron microscope §tudy of Yamamoto et al., (1971) but it is
available in virtuwally unlimited quantities and a large area of flat
" enamel on the labial surface of bovine incisors is an advantage.
Therefore, tests were performed on both types of enamel to see whether
the differences between them would affect the tensile bond strengfh.
For this, 22 human enamel and 56 bovine enamel specimens were prepared.
The mean tensile bond strength attained for the human samples was
947 1 5.9 kgf/cm29 and for the bovine samples 96+4 F 4.2 kgf/cmz.
Both types of enamel demonstrated high bond strengths close to

100 kgf/cmz, representing about 25% of the claimed tensile strength of



EFFECT OF WAX LINING

Tensile Bond
Strength
150
kgf /cn? .
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of variation ‘

Fig. 2.5 The effect on measured bond strengths of incorporating

a wax lining into the loading arrangement showh in

Fig. 2.11-0
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the Nuva-seal resin itself (Caulk, 1974). Since the two mean bond
strengths were not found to be significantly different using Student's
t-test (P> 0-4) all subsequent tests used the more convenient bovine

specimens,

2.3.3 Effect of variation between different teeth

Bond tests with dental adhesives have invariably shown poor
reproducibility. While the best systems achieved coefficients of
variatioﬁ of about 15%, very high values ranging up to 60% were often
found. This large variability has generally been attributed to
anatomical variations between teeth used to provide experimental
specimens, Therefore, an investigation was carried out to evaluate
differences in measured bond strength from one tooth to another.

Three specimen cylinders were cut from each of eight bovine
incisors and the resulting bond strengths are displayed in Fig. 2.6.
The coefficient of variation of the three bond strengths appropriate to
each tooth was generally much smaller than the coefficient of variation
in the values of bond strengths found when specimens were taken from a
number of different teeth. Therefore, steps were taken in all
subsequent experiments to allow for variations between individual
teeth, by ensuriﬁg that any comparative tests were carried out between
paired enamel specimens from the same tooth. Having evaluated these
three basic criteria for the reliability of the tensile bond testing
technique, attention was next focussed on a number of physical fgctors

of clinical relevance in order to assess their effects on measured bond

strengths.

2.,  Physical Factors of Clinical Tmportance

2.4.1 Moisture contamination

.To investigate the effect of moisture at the bond surface three



ANATOMICAL VARIATIONS BETWEEN TEETH

Tensile Bond
Strength

150 1

kgflcm2 ' . ' :

100 .

50 1

T L) L ¥ L I )

2 3 4 5 6 7 8

Ll

Tooth Number

Coefficient A
of Variation 23% 18% 5% 17% 5% 18% 0% 1%

Fig, 2,6 Tensile bond strengths for the adhesion of Nuva-seal
to three enamel cylinders cut from each of eight

bovine incisors from different animals.
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moisture conditions were established:

(a) Dry: The normal "dry" condition used a 5s drying period
with compressed hospital air after a preliminary wipe with a dry
tissue; the air flow being maintained at a constant 5 1/min.

(b) ‘Extra Dry: The "extra dry" condition had a drying period of 60s.

(c) Wet: The "wet' condition was established by placing 0¢5 pl
of distilled water directly on to a "dry" enamel surface. This

. amount of water formed a small spot in the centre of the enamel.
Once sealant was applied to this "wet" surface, the sealant resin
was brushed thoroughly into the enamel.

To allow for possible variations between teeth, pairs of bonds were

formed with specimens from each tooth; one bond formed under the

control "dry" condition and the other at either "extra dry" or ‘wet'".

Fig. 2.7 compares the bond strengthsfbund under these three moisture

conditions, Under the "wet" condition the bond strength was

drastically reduced (p {0+001), but between 14 pairs of "dry" and
extra dry" bonds there was no significant difference (p >0+4), using

Student's t-test.

2.4.2 Intensity of u.v. radiation

In the course of laboratory experiments using a Nuva-lite u.v.
source, tensile bond strengths were found to be much lower than had
previously been observed and the variability in the measured values
much greater than before. In was eventually determined that a reduction
in the output of the u.v. source was the cause., Considerable vigible
radiation was still being emitted but insufficient u.v. radiation was
present to provide adequate polymerisation. A new bulb was obtained
and a dramatic improvement resulted. Tensile bond tests, prepared
using an old and new bulb, showed that the greater intensity of u.v.

radiation from the new bulb produced higher and imore consistent bond



EFFECT OF MOISTURE ON BOND STRENGTH

Tensile
Bond Strength
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Significance p<-001 p>04

Fig., 2,7 Tensile bond strengths of Nuva~-seal bonded to pairs of
enamel cylinders, with one specimen's surface "dry"

and the other's either "wet!' or extra "dry".
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Fig, 2.8 Tensile bond strengths measured between enamel and
Nuva-seal, exposed to radiation from a Nuva-lite,
fitted with its old u.v. bulb and with a new

replacement bulb,
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strengths, as shown in Fig. 2.8. A visual examination of the two bulbs
used in the experiment revealed that the older bulb had developed an
opaque deposition on the inside of its quartz window, which may explain
ité reduced output. These findings prompted an investigation of the
emission of u.v. radiation from the two commercial sources currently
in clinical use; namely the Nuva-lite and Alphalite sources
(Amalgamated Dental Co. Ltd., London, U.K.). The results of these

studies are presented in the next chapter.

2.L.3 Concentration of etching acid

Silverstone (1974) has investigated the effect of different
concentrations of phosphoric acid (HBPOA) on the depth of etched
surface eﬁamel. He showed that between concentrations of 20% and 70%,
the depth of surface etch and depth of histological change decreased
steadily with increasing acid concentration. Some of his results are
shown in Fig. 2.9. The greatest depth of surface etch was céused by
the 20% and 30% HBPOA solutions, while at higher concentrations the
etch produced in the remaining surface layer was very much reduced.

Scanning electron micrographs of four neighbouring areas of a
L mm X 4 mm surface of bovine enamel are shown in Fig. 2.10., ZEach area
was etched for 60s with one of the phosphoric acid concentrations, 10,
30, 50 and 70% w/w. The 30 and 50% solutions produced the greatest
change in the enamel surface while the 70% etchant appears to have had
only a limited effect. Four corresponding sealant bond surfaces were
exposed by dissolving the enamel in 10% hydrochloric acid for 24 hours.
Scanning electron micrographs of these surfaces are shown in Fig. 2.11.
The degree of sealant penetration appears to correspond to the degree
of etching produced by the different etchants. Thus the 10, 30 and 50%
solutions resulted in a fnoneycomb" pattern of scalant penetration

- over large areas of the enamel surface, while the epamel treated with
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Fig, 2.9 Depth of etch and histological change in enamel

following a one minute exposure to varicus concentrations

of phosphoric acid (Silverstone, 1974).
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the 70% solution, showed no evidence of such penetration by the resin,

- The appearance of the enamel at areas of interfacial failure
following tensile destruction of the four types of bond are shown in
Fig. 2.12. Any penetrating tags of sealaﬁt have been torn off near
the interface, so that the deeply etched patterns shown on the enamel
surfaces in Fig. 2.10 are no longer apparent. The appearance of
sealant surfaces at areas of interfacial failure for the four types of
bond, are shown in Fig. 2.13. The original “honeycomts! of penetrating
sealant have been pulled off the bulk of the resin leaving a smoother
surface than obser&ed in Fig., 2.11. This difference was particularly
marked for the bonds.formed using the 30 and 50% solutions, where
sealant penetration was greatest.

Tensile strengths of bonds formed using the same four
concentrations of phosphoric acid etchant are presented in Fig. 2.14.
While there was a tendency towards higher bond strengths for the more
severely etched surfaces, the 30 and 50% HBPOA solutions did not
produce significantly different results. This may be surprising since
‘silverstone (1974 ) showed that the lower of these two concentratlions
permitted greater sealant penetration. Although the 70% solution
achieved lower values, ﬁhe recorded bond strengths were quite high, at
125 kgf/ém?. Aséuming a mechanical theory of retention, relying on
ftags" of penetrating sealant for adhesion, one would expect the 70%
solution to result in much lower bond strengths than the 30% etchant,
since the depth of etch found by Silverstone (1974) and the surfgce
appearance and sealant penetration shown here, were all dramatically
different for the two etchants.

The "tagsh of penetrating sealant which have frequently been
referred to in the dental literature (cf. Chapter One), are normally
those which occupy the spaces Jeft by dissolution of enamel prism cores.

Consequently they have dismeters of about 4 pm. However it has been



Fig, 2.10 Scamning electron micrographs of four neighbouring
areas of a surface of bovine enamel etched with

10, 30, 50 and 70% w/w HBPOA for 60s.






Fig., 2.11 = Scanning electron micrographs of sealant surfaces

s ey

penetrating bovine enamel etched for 60s with 10,

30, 50 and 70% w/w HBPOA’ exposed by dissolving

the enamel in 10% w/w HC1l for 2l hours,



10]1



Fig, 2.12

Scanning electron micrographs of enamel surfaces
at areas of interfacial failure, where 10, 30, 50
and 70% w/w HBPOh had been used to condition the

enamel for 60s, prior to the application of Nuva-seal.






Fig. 2.13 Scanning electron micrographs of sealant surfaces at
areas of interfacial failure after tensile testing
of adhesion to enamel, pre-conditioned for 60s with

10, 30, 50 and 707 w/w HBPOA,






EFFECT OF ACID CONCENTRATION ON TENSILE BOND STRENGTHS
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Fig, 2.15 Tensile bond strengths of Nuva-seal to bovine enamel
conditioned for 60s by 10, 30, 50 and 70% HBPOA'
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shown by Simmelink et al. (1974) that sealant also penetrates partially
decalcified eﬁamel on a more microscopic level, Using a transmission
e}ectron microscope they showed that not only did the sealant network
penetrate the enamel at the prism level, but that the resin surrounded
the crystals of hydroxyapatite, and penetrated and polymerised in their
dissolved cores. Such microscopic penetration may be no less important
to adhesion to etched enamel than the larger sealant "tags" which have
been readily observed by optical and scanning electron microscopy.

Thus the high bond strengths found using a 70% w/w concentration
of phosphoric acid may be explained, in’the absence of the usual
penetrating sealant "tags',by a more microscopic sealant network within
the enamel surface. The presence of sealant 'tags'when the lower
concentrations of phosphoric acid were used, further enhanced the
adhesion already possible in the absence of the tags. Under a tensile
load these '"tags" transfer stress from the sealant into the enamel via
shear stresses along the "tag"/enamel interfaces. Since enamel has a
much higher elastic modulus than sealant, most of the stress may be
transferred from the "tag'" into the enamel within a short distance from
the main sealant/enamel bond surface. In this case, increasing the
length of penetrating sealant "tags" would not necessarily affect the
stress distribution near the bond surface, and consequently would not
improve the bond strength. Thus using a 30% w/w concentration of
phosphoric acid as proposed by Silverstone (1974), to increase the
depth of sealant penetration into etched enamel may not greatly affect
the adhesion attained. ‘

Soetopo (1975) also concluded that high bond strengths were
possible in the absence of '"tags", following a series of tensile bond
tests of adhesion to enamel etched by various concentrations of
phosphoric acid, Williams, Fraunhofer and Winter (1976) confirmed

that the use of 30, 50 and 70% w/w HyPO) achieved similar adhesion
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with Nuva-seal and Epoxylite 9075, although bond strengths were lower

than reported here,

25 Conclusions

In this chapter physical factors relevant to the reteﬁtion of
fissure sealant in the clinicaL situation have been discussed. While
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