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Summary Objectives. The objective of this study was to report on a novel phenomenon
that occurs when resin-modified glass-ionomer cements (RMGICs) are bonded to moist
human dentine.

Methods. Dentine surfaces from extracted third molars were abraded with 180-grit
SiC paper. Ten teeth were prepared for each of the two RMGICs tested (Fuji II LC, GC
Corp. and Photac-Fil Quick, 3M ESPE). RMGIC buildups were made according to the
manufacturers’ instructions. After storage at 37 8C, 100% humidity for 24 h, the
bonded specimens were cut occlusogingivally into 0.9 £ 0.9 mm beams. Dentine
surfaces bonded with the two RMGICs were examined along the fractured
RMGIC/dentine interfaces. Additional beams fractured within the RMGICS and at
3 mm away from the interfaces were used as controls. The fractured beams were
examined using scanning electron microscopy (SEM), field emission-environmental SEM
(FE-ESEM) and transmission electron microscopy (TEM).

Results. SEM and FE-ESEM revealed numerous solid spherical bodies along the
RMGIC/dentine interfaces. By contrast, no spherical bodies could be identified within
the RMGIC fractured 3 mm distant from the bonded interface. TEM and energy
dispersive X-ray analyses performed on carbon-coated ultrathin sections showed that
these solid spherical bodies consisted of a thin aluminum and silicon-rich periphery and
an amorphous hydrocarbon core within the air voids of the original resin matrix.

Conclusion. The spherical bodies probably represent a continuation of GI reaction
and poly(HEMA) hydrogel formation that results from water diffusion from the
underlying moist dentine. Their existence provides evidence for the permeation of
water through RMGIC/dentine interfaces.
q 2004 Published by Elsevier Ltd.

Introduction

Resin-modified glass-ionomer cements (RMGICs)
were developed in 1988 by adding polymerisable
hydrophilic resin to the conventional glass-ionomer
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formulation.1,2 It was first available commercially
as a liner material, and later as a direct restorative
material. These materials were created to over-
come some of the problems of moisture sensitivity
and low early mechanical strengths associated with
conventional GICs, while maintaining their clinical
advantages.3 The basic RMGIC consists of ion-
leachable glass, polyalkenoic acid or a modified
polyalkenoic acid with a photocurable side chain
grafted onto the polymer backbone, a photocurable
monomer such as 2-hydroxyethyl methacrylate
(HEMA) and water.4 Unlike conventional GIC,
RMGIC has a dual setting reaction. The primary
setting reaction consists of free-radical polymeris-
ation of the monomeric components, which is
activated by exposure to visible light in the region
of 470 nm. The second setting reaction is the classic
acid–base reaction that commences upon mixing of
the cement and continues after light-activation.
The final set cement contains an interpenetrating
network of polyalkenoate salts and a poly(HEMA)
matrix.5

Little information is available on the exact
mechanism of bonding of RMGICs to dentine. The
adhesion of RMGIC has been reported to be both an
ionic interaction between the cement and the
dentine surface,3,6 and a micromechanical inter-
locking of the polymer with the polyacrylic acid-
conditioned tooth substrates.6 Hybrid-like layer
formation has been reported at the RMGIC/dentine
interfaces when conditioning was carried out prior
to application of the cement.7,8 –10 Tandem scan-
ning confocal microscopy has revealed the exist-
ence of an ‘absorption layer’ between RMGICs and
dentine.11 –13 This absorption layer develops over
time after setting of RMGIC and is thought to be due
to water sorption from dentine to the maturing
cement. The absorption layer was only observed
when RMGICs were applied to deep dentine, and
was absent from either superficial dentine or
enamel.11 The consequence of such water move-
ment on the ultrastructure of the RMGIC/dentine
interface is unknown.

The objective of this study was to examine, with
scanning electron microscopy (SEM), field emission-
environmental SEM (FE-ESEM), and transmission
electron microscopy (TEM), the ultrastructure of
RMGIC/bonded, moist human dentine. Dentine
surfaces bonded with two RMGICs and sealed
immediately to prevent environmental water gain
or loss were examined along the fractured RMGIC/
dentine interfaces. As water movement can only
occur from the dentine side of the bonded speci-
mens, additional specimens fractured within the
RMGIC at 3 mm away from the interfaces were used
as controls. The null hypothesis tested was that

there is no difference in the ultrastructure of
RMGICs fractured at different locations away from
the bonded dentine.

Materials and methods

Tooth preparation

Twenty extracted human third molars were col-
lected after the patients’ informed consent had
been obtained under a protocol reviewed and
approved by the institutional review board from
the University of Hong Kong. The teeth were stored
in a 1% chloramine T solution at 4 8C and used within
1 month after extraction. Prior to the bonding
experiments, the teeth were retrieved from the
disinfectant solution and stored in distilled water,
with four changes of the latter within 48 h to
remove the disinfectant. The occlusal enamel and
superficial dentine were removed using a slow-
speed saw with a diamond-impregnated disk (Iso-
met, Buehler Ltd, Lake Bluff, IL, USA) under water
cooling. The roots and the dental pulp of each tooth
were not removed, in order to preserve the
hydrated status of the exposed dentine. Dentine
surfaces were abraded with 180-grit silicon carbide
paper to create a clinically relevant smear layer14

on the surface of the dentine. Bonding was
performed on the occlusal surface of deep coronal
dentine.

Experiment design

Ten teeth were prepared for each of the two
RMGICs tested: Fuji II LC Capsule (GC Corp., Tokyo,
Japan) and Photac-Fil Quick Aplicap (3M ESPE,
St Paul, MN, USA). Fluoroaluminosilicate glass
(FASG) filler particles are present in the powder
component of both RMGICs. The liquid component
in Fuji II LC contains 2-hydroxyethyl methacrylate
(HEMA), polyacrylic acid, 2,2,4-trimethyl hexam-
ethylene dicarbonate, triethylene glycol dimetha-
crylate and water, while that of Photac-Fil Quick
contains HEMA, polyethylene polycarbonic acid,
urethane dimethacrylate, magnesium-HEMA ester
and water.

The dentine surfaces were treated with 10%
polyacrylic acid (Dentine Conditioner; GC Corp.) for
20 s immediately before bonding with the RMGICs.
After rinsing off the conditioner with distilled water
for 10 s, each tooth was blot-dried and left inverted
on a piece of wet, lint-free tissue to prevent the
loss of moisture from the dentine surface during the
mixing and dispensing of the RMGICs. The teeth
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were bonded with the RMGICs according to the
manufacturers’ instructions, to form 6-mm high
cores over the surfaces of the moist dentine. After
initial setting and/or light-activation, the exposed
RM-GICs were coated with a thin layer of light-
cured, oxygen inhibition layer-free, glaze resin
(BisCover, Bisco Inc., Schaumburg, IL, USA), to
prevent them from desiccation, or water-sorption
via external sources. After storage at 37 8C and
100% relative humidity for 48 h, the bonded speci-
mens were cut occlusogingivally into 0.9 £ 0.9 mm
beams, and further protected by the BisCover resin.
The beams were sealed in bottles at 100% humidity
and examined within 48 h after sectioning.

SEM and FE-ESEM preparation

For SEM examination, 10 beams were randomly
selected from the teeth bonded with each RMGIC,
and fractured along the RMGIC/dentine interface
by three-point bending. A custom-made aluminum
device was used with a 5-mm wide loading span
between the two fixed end-supporting beams. A
load was applied via the blunt end of a razor blade
along the RMGIC/dentine interface until the beam
broke. Ten additional bonded beams were inten-
tionally fractured, by first creating a nick with a
sharp scapel at a location within the RMGIC that was
approximately 3 mm distant from the RMGIC/den-
tine interface. Each beam was similarly placed on
top of the end-supporting beams of the three-point
bending device. Intentional fracture was produced
within the RMGIC beneath the nick by applying the
blunt end of the razor blade along the nick. Both the
dentine and RMGIC sides of the fractured beams
were dehydrated by leaving the fractured beams to
air-dry in a desiccator, sputter-coated with gold/
palladium, and examined using a scanning electron
microscope (Cambridge Stereoscan 360, Cam-
bridge, UK) operating at 10–20 kV.

As it is impossible to prevent artefactual crack
formation within the RMGIC matrices when desic-
cated specimens are examined under the high
vacuum conditions of a conventional SEM, FE-ESEM
was further employed for examining wet, non-
dehydrated specimens in order to confirm the SEM
results. We retained the use of a conventional SEM
because of the limitation in taking low magnifi-
cation micrographs of the entire fractured beam
surface once the FE-SEM was fitted with a gaseous
secondary electron (GSE) detector. Five additional
beams from each group were used for FE-ESEM
examination. The beams were fractured immedi-
ately before placement into the microscope
chamber to prevent the loss of moisture and the
creation of artefacts that could be caused by

breaking the seal of the resin-coated beams. After
on-site fracture, each beam was mounted on
carbon tape, inserted immediately into the Peltier
(cooling) stage of a field emission-ESEM (Philips
XL-30 ESEM-FEG, Eindhoven, The Netherlands), and
examined wet and without coating at 20 kV using
the GSE detector. The temperature of the specimen
chamber was fixed at 5 8C and the vapour pressure
was maintained at 6.6 Torr to achieve a 100%
relative humidity.15

Although the use of tandem scanning confocal
microscopy with fluorescent markers has been
effective in capturing the dynamic fluid interactions
between materials and tooth substrates with mini-
mal sample preparation,16 –18 its limited resolution
does not allow submicron characterisation of the
restoration-tooth interfaces.19,20 FE-ESEM exam-
ines the surfaces of moist, unfixed specimens with
depth, resolution and magnification equivalent to
that acquired by SEM.20 The crucial difference
between SEM and FE-ESEM is the differential
pumping system of FE-ESEM, that can maintain
different water pressure regimes inside the micro-
scope to achieve the desired relative humidity.21,22

The presence of moisture in the specimen chamber
helps to reproduce the actual clinical condition
more accurately and eliminates the problems
associated with dehydration in conventional high
vacuum SEM. It is particularly suitable for the study
of water-based RMGIC and its interaction with moist
dentine.23

TEM preparation

Five additional beams were randomly selected for
each RMGIC. Intact beams (i.e. without fracturing)
were supported with epoxy resin, but without
infiltration, to facilitate specimen handling during
ultramicrotomy, according to the TEM protocol for
GIC examination described by Tay et al.24 Undemi-
neralised sections of 90–120 nm thickness were
collected with single-slot, carbon- and formvar-
coated copper grids (Electron Microscopy Sciences,
Fort Washington, PA, USA), and examined without
staining, using a transmission electron microscope
(Philips EM208S, Eindhoven, The Netherlands) oper-
ating at 80 kV.

After TEM examination, energy dispersive X-ray
(EDX) analysis was used to determine the elemental
composition of various structural phases identified
by TEM along the fractured RMGIC/dentine inter-
faces, similar to the protocol described by Hatton
and Brook for EDX analysis of GICs.25 No freeze
substitution was employed, as the restorative
material examined was already resin-based. Pre-
viously examined TEM grids containing the features
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of interest were further coated with carbon and
examined with another TEM (Philips Technai 12)
equipped with an EDX analyser (EDAX Inc., Mahwah,
NJ, USA) at 80 kV. Spot analyses were performed
using the EDX software TEM Quant Biological (EDAX
Inc.). As required by the software, the elemental
compositions of the grids and the formvar films
were first analysed in sequence, prior to spot
analyses of the tooth-material sections.

Results

Representative SEM micrographs taken from den-
tine bonded with Fuji II LC are shown in Fig. 1. When
fractures occurred adjacent to the cement/dentine
interface, distinct spherical bodies could be
observed in almost every air void that was trapped
within the resin matrix (Fig. 1a). At a higher
magnification, partially fractured spherical bodies
revealed their solid internal structure (Fig. 1b). The
average diameter of these spherical bodies was
about 5–10 mm. Artefactual dehydration cracks
that were formed as a result of desiccation and
examination under high vacuum conditions could
also be seen within the resin matrices (Fig. 1b). No
spherical bodies were observed in specimen beams
restored with the same RMGIC that were deliber-
ately fractured within the RMGIC at 3 mm away
from the bonded dentine surface. Only empty air
voids were present within the resin matrices
(Fig. 1c).

Representative FE-ESEM micrographs taken from
dentine bonded with Photac-Fil Quick are shown in
Fig. 2. Similar spherical bodies were observed along
the fractured RMGIC/dentine interfaces. An intact,
perfectly spherical body that was closely adapted
to the surrounding resin matrix is illustrated in
Fig. 2a. It could easily be differentiated from the
adjacent angular FASG fillers. Under FE-ESEM
examination, partially fractured spherical bodies
were also found to be solid in appearance (Fig. 2b).
Cracks were also observed within the resin matrices
(not shown), even when the specimens were
fractured on site and examined at 100% relative
humidity. Spherical bodies were completely
absent, and only empty air voids could be found in
bonded RMGICs that were fractured within the
RMGIC at a distance of 3 mm away from the bonded
interfaces (Fig. 2c).

TEM micrographs taken from intact beams of
RMGIC bonded dentine are shown in Fig. 3. Along
the cement/dentine interface, an 8–10 mm thick,
resin-rich absorption layer that was devoid of
FASG fillers could be seen between the partially

demineralised hybrid layer and the particulate
RMGIC. A representative example taken from Fuji
II LC is illustrated in Fig. 3a. Similar absorption
layers were also identified from the cement/dentine

Figure 1 SEM micrographs of Fuji II LC bonded to moist
dentine. The RMGIC side of fracture beams was shown in
these micrographs. (a) When fracture occurred naturally
adjacent to the RMGIC/dentine interface, spherical
bodies (pointer) could be seen within almost every air
void of the fractured RMGIC. (b) A high magnification view
of a specimen that was fractured adjacent to the
RMGIC/dentine interface, showing partially fractured,
solid spherical bodies (pointer) within the air voids.
Artefactual dehydration cracks (arrow) could be seen
within the resin matrix (RM). (c) RMGIC side of dentine
bonded with Fuji II LC that was deliberately fractured
3 mm distant from the bonded interface. No spherical
body could be identified within the air voids (open arrow)
were exclusively observed.
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interfaces in Photac-Fil Quick (not shown). In
addition, spherical bodies were also observed within
the particulate RMGICs when they were examined
close to the bonded dentine. A sectioned spherical

body from Fuji II LC revealed a solid internal
structure (Fig. 3b), consisting of a slightly electron-
dense amorphous material that was intermingled
with fragments of fractured glass particles and resin
matrices. Similar to the SEM and FE-ESEM results,
only empty air voids could be observed in resin
matrices of Fuji II LC that were examined 3 mm
distant from the bonded interfaces (Fig. 3c). A wide
variation in the contents of the spherical bodies was
observed as illustrated by examples taken from the
examination of Photac-Fil Quick. The contents of
the spherical bodies varied from predominantly
amorphous electron-dense material (Fig. 3d), to a
conglomerate that included fractured pieces of
resin matrices and FASG fillers that were detached
from the bulk of the RMGIC during ultramicrotomy
and haphazardly attaching to the amorphous elec-
tron-dense material (not shown, similar to Fig. 3b).
At a higher magnification, a more electron-dense
layer could be identified along the periphery of the
spherical body (Fig. 3e).

Representative EDX spectra taken from the FASG
fillers, resin matrix, electron-dense periphery of
the spherical body and the amorphous material
within the spherical body are shown in Fig. 4. Cu, N
and Mb (outside the range depicted by these
spectra, data on file) were universally observed
from all the spectra, with the first element
corresponding to the composition of the copper
grids, and the latter two elements corresponding to
the composition of the formvar grid. Ca was only
present in the resin matrix (Fig. 4b) and could not
be found in the FASG filler (Fig. 4a) or the spherical
bodies (Fig. 4d). The electron-dense periphery of
the spherical body had a similar chemical compo-
sition as the surrounding resin matrix, but with a
higher Al and Si content (Fig. 4c). The amorphous
material within the spherical body was found to be
organic in nature, consisting only of the elements C,
and O (Fig. 4d).

Discussion

As the previously unreported spherical bodies were
only observed adjacent to RMGIC/dentine inter-
faces and not within RMGICs that were remote from
the moist dentine, we have to reject the null
hypothesis that there is no difference in the
ultrastructure of RMGICs fractured at different
locations away from the bonded dentine. The
association of these spherical bodies with the
RMGIC/dentine interface, and their close resem-
blance of their composition with that of the
absorption layer, suggested that both features

Figure 2 FE-ESEM micrographs of Photac-Fil Quick
bonded to moist dentine. The non-dehydrated specimens
were examined wet at 5 8C and 6.6 Torr (100% relative
humidity). (a) Fracture that occurred naturally adjacent
to the RMGIC/dentine interface. An intact spherical body
(pointer) could be seen, and was distinctly different from
the angular glass filler particles (G) that were found
within the resin matrix (RM). (b) The solid nature of the
spherical bodies was further confirmed with ESEM, as
illustrated in this partially fractured spherical body
(pointer) that was located adjacent to the RMGIC/den-
tine interface. G: glass filler; RM: resin matrix. (c)
Photac-Fil Quick that was deliberately fractured 3 mm
away from the bonded interface. Only empty air voids
(open arrows) were observed.
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Figure 3 Unstained, undemineralised TEM micrographs of intact, unfractured RMGIC/dentine interfaces. The
specimens were sectioned without infiltration with epoxy resin. Striations within the glass fillers (G) were artefacts
caused by sectioning of the brittle material with a diamond knife; RM: resin matrix. (a) The RMGIC/dentine interface in
Fuji II LC showing a distinctive resin-rich, non-particulate absorption layer (AL) between the hybrid layer (H; between
open arrows) and the particulate RMGIC. T: dentinal tubule. D: intertubular dentine. (b) Fuji II LC that was examined
adjacent to the bonded interface. A spherical body containing a slightly electron-dense material (asterisk) could be
seen, in which part of this material has been detached from the resin matrix (arrow) as a result of dehydration.
Additional fractured glass particles and resin matrix debris were also observed (open arrowhead) within the spherical
body. (c) Fuji II LC that was examined 3 mm away from the bonded interface. Only empty air voids (AV) could be
observed. (d) A spherical body observed in Photac-Fil Quick that contained a slight amount of fractured resin matrices
and glass fillers within the spherical body. (e) A high magnification view of a spherical body, showing the existence of an
electron-dense layer (pointer) around the periphery of the spherical body (SB).
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were formed by a similar mechanism that is
dependent upon the availability and diffusion of
water from the underlying moist dentine. The term
absorption layer was used by Sidhu and Watson11

and Sidhu et al.13 to represent its association with
water sorption within the maturing RMGICs when
these materials were placed in deep, moist den-
tine. Diffusion of HEMA from the resin matrices of
the RMGICs into the water-rich dentine surface
probably resulted in the polymerization of the
HEMA in the form of a soft poly(HEMA) hydrogel
layer.26 Based on this mechanism of formation of
the absorption layer, we speculate that the internal
core of the spherical bodies were also formed of a
soft poly(HEMA) hydrogel. As water can diffuse from
underlying moist dentin into HEMA in the resin
matrix to form the absorption layer, it is not
unreasonable to assume that diffusion of both
water and HEMA may also occur into empty air
voids that are close to the RMGIC/dentine inter-
faces. Presumably, these voids would become
filled with water as the hydrophilic resins and
polyalkenoic salt matrix create an osmotic gradient
that draws water from the underlying dentine.
Polymerisation of the HEMA in the presence of
water may produce a soft hydrogel within the air

voids that results in the formation of the core of the
spherical bodies. This probably provided an expla-
nation for the putatively sticky nature of the
spherical bodies that caused loose pieces of
fractured resin matrices and FASG fillers to be
transferred to the sectioned plane of the spherical
bodies during ultramicrotomy. The absence of
metallic ions within the core of the spherical
bodies, as demonstrated by the EDX spectrum,
further supported our interpretation that
the cores of these spherical bodies were
formed of poly(HEMA) rather than metallic salts of
polyalkenoic acid.

It is interesting that the periphery of the spherical
bodies was formed of a very thin shell that is rich in Al
and Si. This suggested that there is probably a
continuing GI reaction during the maturation phase
of the RMGIC. As water is not available from the
external environment, the water required for
the additional GI reaction may be derived from the
surrounding resin matrix, or from bound water
within the poly(HEMA) hydrogel. We have previously
observed the existence of spherical bodies in six
conventional GICs.27 However, unlike the spherical
bodies found in RMGICs, those that were observed in
conventional GICs were consistently hollow in

Figure 4 EDX spectrum of the composition of the various regions depicted in Fig. 3e. The element ‘copper’ originated
from the copper grid. (a) Glass filler. (b) Resin matrix. (c) Electron dense periphery of the spherical body. (d) The
amorphous material (i.e. without fractured resin matrices and glass fillers) within the spherical body.
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appearance, consisting only of a thicker layer of the
metallic ion-rich peripheral layer. We believe that
the spherical bodies observed in conventional GICs
and RMGICs were formed by a similar mechanism, in
response to water permeation from the underlying
moist dentine. However, as HEMA is absent in
conventional GICs, the spherical bodies so formed
must necessarily be hollow, comprising only of the
peripheral layer of the silicon-rich phase that was
formed during the aging of GICs.28,29 Conversely,
photopolymerisation of the HEMA greatly reduces
the acid–base reaction during the early setting
reaction of RM-GIC.30 As a result, the acid–base
reaction takes place at a slower rate in the air-void
with deposition of only a thin film of silicon- and
aluminum-rich phase around the poly(HEMA)
hydrogel.

As the specimens in the present study were
immediately sealed with resins, the only source of
water available was that derived from the
underlying dentine. This explains why the spheri-
cal bodies and the absorption layer were formed
adjacent to the moist dentine, and not along the
‘free’ outer surfaces of the restorations. Water
sorption in RMGICs is influenced by the HEMA
content.31 HEMA is added to the RMGIC liquid as a
co-solvent for the organic and aqueous com-
ponents. The concentration of HEMA in RMGIC
liquids was found to vary between 18 and 32%32

(35–40 wt% for Fuji II LC and 25–50 wt% for
Photac-Fil Quick, based on the MSDS information
supplied by the respective manufacturer). HEMA
improves the physical properties of RMGICs33,34 as
well as their bond strength to dentine.35 The
manifestation of spherical bodies in RMGICs may
be analogous to the phenomenon of ‘osmotic
blistering’ that was recently reported with the use
of single-step self-etch adhesives on moist den-
tine.36 In osmotic blistering, water diffuses from
the moist dentine and form water droplets along
the adhesive-composite interface, with the
adhesive layer acting as a permeable membrane.
In the context of RMGICs, it is possible that the
hydrophilic resin matrix containing polyalkenoate
salts create an osmotic gradient that attracts
water into the RMGIC. As HEMA is a monofunc-
tional monomer, water movement is probably
enhanced by a more loosely-arranged, non-cross-
linked resin matrix.

It is worth mentioning that no spherical bodies
were observed along fractured RMGIC/dentine
interfaces when Vitremer (3M ESPE) was bonded
to moist dentine (Yiu, unpublished results). This is
likely to be due to the compositional differences
among various RMGICs. Vitremer uses a self-etching
primer that contains HEMA and a copolymer of

polyacrylic acid with a photoinitiator. The primer is
applied on the smear-layer covered dentine, which
is then air-dried and light-cured. As the smear layer
and plugs are partially present, the permeability of
the moist dentine is probably significantly
reduced.37 The set cements of Fuji II LC and
Photac-Fil consist mainly of crosslinked polyalk-
enoate networks, entangled with non-crosslinked
poly(HEMA) chains. In Vitremer, however, the
polyalkenoate network and the polymer chains are
further connected by means of pendant methacry-
late groups on the polyalkenoate molecules to form
ionic and covalent crosslinks.33 The presence of a
more highly crosslinked polymer network and the
decreased availability of free HEMA may restrict
water permeation across the Vitremer-moist den-
tine interface.

It is usual to observe artefactual cracks within
fractured RMGICs when specimens were examined
under SEM. Similar artefacts were seen when water-
based GICs were examined in a high vacuum,
desiccated environment.38,39 However, it was
rather surprising to see similar cracks when the
RMGICs were examined under FE-ESEM. Conversely,
no artefactual cracks could be observed in the
polyalkenoate matrices of conventional GICs when
similarly fractured specimens were examined under
FE-ESEM.27 Thus, we speculate that the cracks
identified by FE-ESEM were not simply artefacts
caused by dehydration shrinkage. The unusual
findings of cracks in RMGICs may be attributed to
the ‘intrinsic setting shrinkage’ inherent in RMGICs
following the free-radical setting reaction40,41 and
‘self-desiccation’ of the developing matrix that
may occur as a result of the depletion of water that
is present in the original cement formulation for
acid–base reaction.42 It is known that acid–base
reaction proceeds more slowly in RMGICs
when compared to conventional GICs, as some of
the water has been replaced by HEMA. Two
separate phases of GI reaction have been proposed
for RMGICs.42 The initial phase involves the use of
water from the original cement formulation, and
terminates as the intrinsic water is consumed. The
subsequent phase of GI reaction depends on water
absorption from the environment. As the RMGIC
specimens in the study were sealed immediately
after light-activation to prevent environmental
water gain or loss, self-desiccation of the
RMGICs may occur, in the absence of sufficient
water from an external source to relax the stress
developed in final setting matrix. Conversely, the
conventional GIC sets more slowly and the
initial rubbery hydrogel stage that the cement
passes through during the setting process allows
for stress relief.
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Although the clinical implications of the pre-
sence of spherical bodies along the RMGIC/dentine
interface is not fully understood, it is hypothesized
that these bodies, similar to the absorption layer,
may serve to deflect or blunt any cracks that
attempt to propagate through the matrix, thereby
toughening the material. The spherical bodies may
play an adjunctive role by obliterating porosities in
the resin matrix adjacent to the dentine and delay
the growth of inherent cracks to catastrophic sizes
in this region under loading.43 It has been shown
that the mode of failure of RM-GIC restoration is
usually cohesive within the RMGIC/absorptive
layer,12 with the absorption layer remaining firmly
attached to dentine. On the basis of these findings,
it is dubious whether RMGICs should really be
protected from initial water uptake,44 in contrast
to conventional GICs in which this is essential.
Clinical studies have shown that Fuji II LC exhibited
100% retention rate in class V cavities after 2 years
when bonding was applied to moist dentine with low
RMGIC powder/liquid ratio.45 Reduced post-oper-
ative sensitivity has been observed in class I cavities
lined with a RMGIC as compared with resin bonding
at 24 h and 7 days post-operatively.46 The for-
mation of the absorption layer and the spherical
bodies adjacent to the RMGIC/dentine interfaces
may be viewed upon as a ‘autonomic self-healing’
mechanism47 to compensate for the setting stresses
of RM-GICs and to prevent spontaneous fracture at
the bonded interfaces. Such a capacity is defini-
tively lacking in bonding techniques that rely on the
use of contemporary dentine adhesives.48 Further
studies are required to investigate the long-term
effects of spherical bodies and water absorption on
physical properties of the bond between RMGICs
and dentine.

Conclusions

Within the limitations of the present in vitro study,
it may be concluded that:

1. The spherical bodies in air voids in RMGICs
represented a continuation of GI reaction and
poly(HEMA) hydrogel formation.

2. The spherical bodies were formed at the RM-
GIC/dentine interface as a result of water
diffusion from the underlying moist dentine.

3. Together with the previously reported absorp-
tion layer, the existence of the spherical bodies
provides morphological evidence for absorption
of water along the RMGIC/dentine interfaces.
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