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Abstract

Carious lesions are usually studied using light
microscopy and /or microradiography which require
preparation of thin sections. Backscattered scanning
electron microscopy (BSEM) has received little attention
although it provides information similar to that obtained
with microradiographs, with the potential for higher
resolution. Recently, microscopes have been introduced
that can be used to study wet or nonconducting specimens,
offering techniques for studying specimens without
desiccation or preparation of thin sections. This
investigation sought to determine if secondary carious
lesions have the same characteristics when studied by
microradiography as when using the "wet" BSEM mode.
Microradiographs were made of thin sections from restored
teeth with secondary caries induced in an artificial caries
system. The thin sections were also studied by BSEM with
a partial pressure in the specimen chamber to prevent
specimen charging. Comparisons of the lesion size and
shape were made using the two methods. Lesion depth
measurements in enamel were the same; lesions that
penetrated into dentin appeared to be of similar size and
shape, but lesion depths measured by BSEM were slightly
greater (paired t-test, p<.05). This was a result of cracks at
the carious enamel-dentin interface that probably
developed during storage of the samples.

Variations in the surface enamel rod structure and the
development of subsurface lesions were apparent. Several
zones were also apparent in the carious dentin,
demonstrating loss of dentinal tubule detail in the depth
of the lesion, collapse of tubules, and hypermineralized
regions near the advancing front of the lesion. Several
additional samples of natural carious teeth were examined.
They demonstrated the characteristic structural features of
the carious process. This method appears to have
considerable promise for the study of such lesions.
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Introduction

Backscattered electron imaging of carious lesions had
received little attention until recent work (Boyde and
Jones, 1983; Jones and Boyde, 1987) demonstrated the
potential for this technique in the study of carious lesions
in enamel and dentin. Pearce and Nelson (1989) showed
that detailed structural information on carious lesions in
human enamel could be obtained with this method, and
that the signal emanated from about the first 4 pm from
the surface, appearing sensitive to changes in mineral
density. The images were similar to those obtained with
microradiography for enamel lesions, but offered much
higher resolution. This recent progress stems from the
improvement in backscattered electron detectors; solid
state 4-quadrant detectors were used in the preceding
studies.

Progress has been made in allowing wet and non-
conducting specimens to be studied in the SEM, following
the work of Robinson (1975) and the extensions of it by
Danilatos (1988) that permit wet or environmental SEM.
These differentially pumped systems allow the specimen to
be maintained at a higher pressure than the electron
optical column. Thus, it should be possible to use
backscattered electron studies for carious lesions in
uncoated moist, or embedded, dried, and sectioned teeth.
This study sought to determine if microradiography and
backscattered electron images from uncoated sections used
in microradiography gave comparable information for
secondary carious lesions in enamel and dentin. Secondary
caries can be defined as a carious process associated with
the tooth/restorative material interface, widely recognized
as a major problem associated with restorative dental
treatment (Letzel et al, 1989).

Materials and Methods

Details of sample preparation have been described by
Staninec et al (1988). Briefly, class V preparations were
made and restored with amalgams (Tytin, Kerr Co.,
Romulus, MI) on opposing surfaces of freshly extracted
noncarious unrestored human molars. The teeth were
coated with nail varnish, leaving the amalgam restorations
and a 1 mm border surrounding the restoration exposed,
and then were mounted in an artificial caries chamber.
The entire assembly was sterilized and tested for
sterilization by incubation of the teeth with brain heart



















SEM and Microradiography of Caries

fractures in the teeth and defects in the embedding media
that went unnoticed in the microradiographs.

Lesions that had penetrated through the enamel and
into dentin along the tooth enamel interface had very
similar appearances, but their depths were somewhat
greater, as measured from the BSEM micrographs. It
should be noted that this difference was significant using
the paired t test, but would not be if the data were pooled.
Assuming that the difference is real there are two possible
explanations. First, the BSEM and microradiographs do
not sample the same depths of the section, since the BSEM
signal emanates from a few micrometers from the surface,
while microradiography samples the entire 100 pm
thickness of each section. Secondly, the BSEM frequently
revealed areas in which the embedding media had
separated from the sample, leaving a hole between the
carious but apparently structurally rigid enamel, and the
more delicate carious dentin. Such defects might go
unnoticed in the microradiographs but are clearly seen in
the BSEM. However, since there was a prolonged storage
period prior to the BSEM study, with additional handling
of the samples associated with the study, the defects could
have been created during this period. In this instance, such
defects would be expected to occur at the weakest part of
the specimen, the carious dentin-enamel junction, where
such defects were found. Thus, we believe that during
storage, gradual shrinkage of the carious dentin occurs,
causing a gap at the carious DEJ. The pulling away from
the junction causes the dentinal lesions to actually be
slightly deeper, as seen and measured in the BSEM.

After highly polishing the sample, the structural
features of the carious process became more evident.
Other authors have emphasized the need for high polish to
remove topographical contrast (Boyde and Jones, 1983;
Jones and Boyde, 1987; Pearce and Nelson, 1989). Once
this was done, the typical structures seen in carious enamel,
the formation of subsurface lesions, hypermineralization of
enamel rod peripheries, and the enhancement of cross
striations along the enamel rods after carious attack were
noted (Jones and Boyde, 1987; Pearce and Nelson, 1989).

Polished carious dentin has not been extensively
studied by BSEM. However, it is well known that tubules
occlude, probably as a result of mineral formation during
carious attack that causes transparent dentin formation.
(Ogawa et al, 1983). Cleft formation as a result of carious
attack on dentin has also been reported by Jones and
Boyde (1987).

It appears, then, that all characteristic features found
during carious attack of enamel and dentin can be
examined in detail on uncoated or moist samples. Some
artifacts have been observed while studying moist samples.
Since the specimen is held at a partial pressure, water is
gradually sublimated. The most striking result of this, seen
in our study, was propagation of pre-existing cracks or
gradual separation of weak interfaces. Some cracks
propagated over 1000 pm during the course of observation.
Additional studies are needed to define the best way to
identify and limit artifacts developing during observation.
Nevertheless, the "wet BSEM" technique appears to offer
considerable promise for the study of natural and
artificially-induced carious lesions. It offers essentially the
same information on mineral changes as microradiography,
but at higher resolution. In the future, it should be
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possible to eliminate much of the laborious specimen
preparation needed for microradiography because the same
information has become available without the need to
prepare thin sections. Finally, the technique appears
applicable to the study of the carious process in all of its
forms, i.e. natural, artificial, primary, or secondary caries of
enamel and dentin.
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Discussion with Reviewers

S.J. Jones: Could the authors please clarify the benefit
gained from examining the "wet", uncoated specimens
(other than preparation time) compared with
polymethylmethacrylate embedding?

Authors: At the magnifications used, this technique
eliminates the necessity of a conductive coating on the
dentin specimens as well as the steps necessary for
embedding. The major advantage of examination in the
wet mode is that once the specimen is dried, embedded,
and coated artificial carious lesions cannot be manipulated.
One of the reasons for developing this technique was to
make it possible to monitor the progress of lesions under
various manipulations.

R. Becker: Which of the figures is a wet SEM image and
which could not be obtained by "dry" backscattered SEM?
Authors: All micrographs were taken in the wet mode,
which eliminated the necessity for any coating procedures.
Micrographs in which the specimens had not been
previously dried are  Figures 8-14, Similar
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