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Abstract
Objective This study compared the effects of mold material
and diameter on the thickness of cured composite remnants
and depth of cure (DOC) of resin-based composites (RBC).
Material and methods One Polywave® curing light was used
to photo-cure two shades of the same Bbulk-fill^ RBC in 4, 6,
or 10-mm internal diameter metal or white Delrin® molds. For
60 specimens, the uncured RBC was manually scraped away
as described in the ISO 4049 depth of cure test. The remaining
60 specimens were immersed in tetrahydrofuran for 48 hours
in the dark. Maximum lengths of remaining hard RBC and
their DOC values were compared using analysis of variance
(ANOVA) and Tukey–Kramer post hoc multiple comparison
tests (α = 0.05).
Results Specimen thickness and DOC were always greater
using the white Delrin® molds compared to metal molds
(p < 0.001). Increase in mold diameter significantly increased
specimen thickness and DOC when made in the metal molds
and in the 6-mm diameter Delrin® molds (p < 0.01). Increas-
ing the diameter of the Delrin® molds to 10-mm did not in-
crease specimen thickness or DOC. Sectioning and staining of
specimens revealed an internal, peripheral transition zone of
porous RBC in the solvent-dissolved specimens only.
Conclusion Mold material and internal diameter significantly
influenced cured composite remnant thickness as well as
depth of cure. The existence of an outer region of RBC that
is hard, yet susceptible to solvent dissolution, requires further
investigation.

Clinical relevance The depth of cure results obtained from a
4-mm diameter metal mold may not represent the true poten-
tial for evaluating composite depth of cure. A universally ac-
ceptable mold material and diameter size need to be
established if this type of testing is to be useful for evaluating
the relative performance of a given type of LCU and RBC.
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Introduction

More than 260 million direct resin-based composite
(RBC) restorations were placed worldwide in 2011. Cur-
rently, almost no amalgam restorations are placed in
Scand i n av i a n coun t r i e s [ 1 ] . I n s t e ad , pho t o -
polymerizable RBCs have become the material of
choice for direct restorations. With the global phase
down in amalgam use, the use of RBCs will only in-
crease [2, 3]. In response to the increased use of RBCs,
several developments have made the process of light
curing RBCs more efficient and thus have shortened
chairside procedures. However, there also exists indirect
evidence that under-curing RBC restorations is undesir-
able and may result in more bulk fractures, increased
restoration wear, increased release of leachates, and
more microleakage [4–9]. A clinical study placed RBC
restorations in denture teeth. The results showed in-
creased wear when the RBC received inadequate light
exposure [6]. Thus, a simple and clinically relevant test
that measures the outcome of light curing the RBC is
needed so the dentist can know what is required to
adequately polymerize an entire RBC restoration.
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Tests measuring resin polymerization

Fourier transform mid-infrared spectroscopy as well as
Raman spectroscopic techniques are used to measure the
degree of conversion of dental resins at different depths
or thicknesses [10–14]. Alternatively, surface microhard-
ness is a reliable method to determine material proper-
ties of the cured RBC [15], and a strong, positive cor-
relation exists between changes in the degree of mono-
mer conversion and the microhardness value of the
same RBC [9, 16–18]. However, these tests require so-
phisticated equipment. Also, usually such testing does
not test the entire specimen, but instead only measures
a small region within the center of the RBC specimen.

Tests measuring depth of cure

In contrast, the ISO 4049 depth of cure (DOC) test is
simple and quick to conduct. The test uses a stainless
steel mold with a hole 4-mm in diameter filled with
RBC [19]. Immediately after light exposure, the resin
specimen is removed, and any uncured material is man-
ually scraped away using a plastic spatula. The maxi-
mum length of the remaining cylinder of hard, cured
material is measured and divided by two. This value
is then reported as the depth of cure for that given
LCU and RBC combination [19]. This specific testing
makes no claims of correlating results with clinical per-
formance of the LCU/RBC tested, but instead, is de-
signed to provide a relative performance, among which,
other lights and composites can be ranked. The DOC
values, however, are used to provide a framework by
which acceptable limits of the in vitro performance of
LCUs and composites are stated.

Although the ISO 4049 test is fast and easy to ad-
minister, it has limitations. Depending on the operator
technique, the stiffness or sharpness of the spatula, and
the consistency of RBC, manual removal of uncured
RBC using a plastic instrument can be subjective. Con-
sequently, the DOC value may be either over or under-
estimated [20]. This limitation is somewhat compensated
for by dividing the value of the length of scrape-
resistant RBC by a factor of two. Despite this adjust-
ment, the ISO 4049 method may still overestimate the
DOC [20, 21]. In addition, both the diameter [22] and
type of mold material have been shown to affect the
results [18, 23].

Relevance of a 4-mm-diameter metal mold to test DOC
of bulk-fill RBCs

Bulk-fill RBCs are designed to fill an entire preparation to
a depth of 4 to 5-mm and then to be light-cured in a

single increment. With the dimensions of a mandibular
molar being approximately 11.0-mm mesio-distally and
10.5-mm bucco-lingually at the crown, and 9.0-mm by
9.0-mm at the cervix [24], light-curing a 4-mm diameter
cylinder of RBC in a metal mold to determine the DOC
provides little information about the ability of the LCU to
simultaneously polymerize the mesial and distal boxes of a
bulk-filled mesial-occlusal-distal (MOD) restoration in a
molar tooth. Instead, a larger diameter mold should be
used for such a simulation. In addition, the ISO 4049 test
assumes that the LCU delivers light that is uniformly dis-
tributed across the entire tip area, and that the position of
the light tip over the RBC will not affect the results. It is
now well established that the irradiance and the distribu-
tion of the spectral emission from dental LCUs can be
very inhomogeneous [25–31] and that the shorter wave-
lengths do not penetrate as deeply into the RBC compared
to longer wavelengths of light [32, 33]. Thus, if a 4-mm-
diameter mold is positioned under an irradiance Bhot or
cold spot^ (area of high or low local irradiance and/or
with an inhomogeneous spectral distribution from the
LCU), results may be generated that do not represent the
DOC that may be achieved if the RBC is positioned under
other regions of the light tip [29, 34].

Alternative methods to remove uncured resin

In industry, uncured resins are commonly removed using a
solvent [35]. Removing uncured dental resin in a reproducible
manner using a solvent would be advantageous, and both
ethanol and acetone have been used [20, 36, 37]. Such testing
would not rely upon the subjective judgment or inconsistent
performance of the operator. However, direct comparisons
between results obtained using the current ISO 4049 manual
scraping test method and those obtained after using a solvent
to remove uncured RBC have yet to be published.

The purpose of this study was to compare the effect of three
different mold diameters and two different mold materials on
the depth of cure of two RBCs. Additionally, the effects of
using an organic solvent [tetrahydrofuran, (THF)] to remove
the uncured RBC using a Bno-touch^ technique compared to
using the manual scraping method as described in ISO 4049
were examined. The hypotheses tested were that:

1. mold material will have no significant effect on the thick-
ness or depth of cure of remaining RBC,

2. mold diameter will have no significant effect on the thick-
ness or depth of cure of remaining RBC, and

3. the use of a solvent to remove uncured RBCwill reveal an
outer zone of hard, yet porous, RBC that will not be pres-
ent in the same locations of specimens where uncured
composite was manually scraped away, and never ex-
posed to solvent treatment.
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Materials and methods

LCU radiant power and beam profile

A mains-powered, Polywave® LCU (Bluephase Style serial #
1100012791, Ivoclar Vivadent, Amherst, NY, USA) with the
10-mm-diameter light guide that includes a light homogenizer
(Ref #636240, Ivoclar Vivadent) was used. The total radiant
power was recorded five times using a 6-inch integrating
sphere (Labsphere, North Sutton, NH, USA) connected to a
fiberoptic spectrometer (USB 4000, Ocean Optics, Dunedin,
FL, USA). The system had been calibrated using a National
Institute of Standards and Technology (Gaithersburg, MD,
USA) traceable light source (Labsphere) prior to the start of
the experiment. To demonstrate the relative spectral attenuation
of wavelengths of light emitted by the LCU through different
thicknesses of cured composite, the spectral radiant powers
transmitted into the spectrometer through 12-mm diameter
disks of cured RBC that were 0.5-, 1.0-, 2.0-, 3.0-, and 4.0-
mm-thick, were measured. The LCU tip was placed in contact
with the top surface of the RBC, and the bottom surface was
flush with the entrance to the integrating sphere.

To examine the inhomogeneity of the light output at the
light tip, the spectral radiant power was recorded five times
through a 4-mm-diameter aperture into the integrating sphere.
The LCU was first centered over the 4-mm aperture, and the
spectral radiant power was recorded. The LCU was then
moved up 2-mm and the output through the 4-mm aperture
recorded, then down 2-mm from the center, then 2-mm to the
right from the center, and finally 2-mm to the left from the
center. The irradiance distribution across the light guide tip
end was characterized using a previously described laser beam
profiler technique [28, 38] to produce a color-scaled image of
the irradiance distribution across the end of the light guide.
This laser beam profiling technique used a camera with a 50-
mm focal length lens (USB-L070, Ophir-Spiricon, Logan,
UT, USA). The image was taken with the tip of the light guide
just out of contact with a translucent, ground glass target
(DG2X2-1500, Thor Laboratories, Newton, NJ, USA).

Depth of cure of RBCs

Two shades of the same bulk-fill RBC (Tetric Evoceram Bulk
Fill, shades IVA and IVW, Ivoclar Vivadent, Schaan, Liechten-
stein) were used. These resins are intended to fill posterior res-
torations and be photocured in a single-layer up to 4-mm thick
[37]. The uncured RBC was packed into split molds that had
either a 4-, 6-, or 10-mm internal diameter openings, over a
white filter paper background [19]. The molds with the 10-
mm diameter openings represented the average mesial-distal
width of a molar tooth [24] and matched the outer diameter of
the 10-mmwide light guide tip. Metal stainless steel molds were
10-mmdeep, and thewhite Delrin®molds were 15-mmdeep, to

account for the greater depth of cure in the Delrin® molds. A
polyester strip was placed over each surface of the RBC before it
was exposed to the LCU for 10 s [37], with the tip end positioned
concentrically to the mold opening and directly against the poly-
ester surface. Throughout the study, the LCU was clamped rig-
idly in place, and all specimens were made at room temperature
(~22 °C) using the same LCU/light tip and RBC orientation.

A total of 120 specimens were made (2 mold materials × 3
diameters × 2 RBCs × 10 replications). Immediately after expo-
sure, the polyester strips were removed, the molds were opened,
and the RBC was removed. Five specimens from each group
were treated according to the ISO 4049 test method, and the
uncured RBC was manually scraped away using a plastic spat-
ula. Themaximum length of the remaining hard, cured resinwas
measured to the nearest 0.1 mm using digital calipers (Mitutoyo
Canada Inc., Mississauga, ON, Canada). For the other five spec-
imens, the soft uncured RBC was not removed. Instead, the
entire specimen was immersed immediately in an organic sol-
vent (tetrahydrofuran, Sigma Aldrich, St. Louis, MO, USA) and
dark-stored for 48 h at 22 °C. Upon removal from the solvent,
the RBC specimens were allowed to air-dry, and the maximum
length of remaining resin was measured using digital calipers.
Standardized digital photographs were taken of the specimens
before and after immersion in the solvent. In addition, all the 10-
mm diameter specimens were sectioned longitudinally, from
top-to-bottom, and placed in a stain (toluidine blue) to illustrate
the presence of any porous, yet hard RBC material.

Statistics

A four-factor analysis of variance (ANOVA) showed that the
length of cured RBC remnant was affected by both mold type
and diameter of the mold. Therefore, the main effects of inter-
est were examined separately for each combination, namely
the effects RBC shade and the method of uncured resin re-
moval were examined using a two-factor ANOVA at a pre-set
alpha value of 0.05. This analysis was followed by a Tukey–
Kramer multiple comparison procedure to test for significant
pair-wise differences between mean values.

Results

Radiant power and beam profile

The radiant power from the LCU measured 670 mW. This
value was used to provide the scaled irradiance beam profile
image seen in Fig. 1. The manufacturer stated the tip diameter
to be 10-mm, but the active, light-emitting area measured 9.0-
mm. This discrepancy produced a 0.5-mm wide zone of RBC
between the active LCU tip diameter and the 10-mmmold that
was not directly irradiated. When moving the 4-mm-diameter
mold aperture across the emitting end of the LCU, the ratios of
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the two emission peaks (409 and 456-nm) changed, depend-
ing on which region of the LCU tip was measured (Fig. 2).
Depending on which 4-mm diameter region across the light
guide was measured, the radiant powers measured through the
apertures ranged from 119 to 160 mW, and irradiance values
ranged from 950 to 1270 mW/cm2. Figure 3 illustrates the
effect of this output inhomogeneity on the resin polymeriza-
tion in the 10-mm diameter mold.

Remaining cured composite remnant thickness and depth
of cure

Depending on the test condition, after 10 s of light exposure,
the mean length of remaining hard RBC ranged from 5.90 to
12.00-mm. When this thickness was divided in half (in accor-
dance with ISO 4049), the resulting depth of cure values fell
between 2.95 and 6.00-mm, depending on the mold diameter
used. Table 1 shows the groups where significant differences
occurred when comparing the effects of all four factors on the

depth of cure (Tukey–Kramer multiple comparison test).
When the main effects of interest, namely the effects of
RBC shade and the method of uncured resin removal, were
examined separately for each combination using two-factor
ANOVA, each of these factors presented no interactions.
The effect of how the uncured RBC was removed on the
remaining length of RBC was influenced by the type and
diameter of the mold material used. An increase in mold di-
ameter significantly increased the length of cured RBC when
using the metal molds and between the 4 and 6-mm diameter
Delrin® molds (p < 0.01). Figure 4 illustrates the effect of the
two mold materials and the three mold diameters on the length
of remaining RBC. The significant interaction effect of the
mold type (p < 0.01), is illustrated in Fig. 4 where the mean
length of the remaining RBC was less in the 10-mm diameter
Delrin® mold, compared to the 4- and 6-mm diameter Delrin®
mold. This effect was not observedwhen using themetal mold.

Bottom surface topography

Figures 1 and 2 illustrate the marked differences in the spectral
radiant powers and irradiance distributions delivered to the top
surface of the molds. Figure 3 illustrates the unsymmetrical
bottom surface profile of the hard-cured RBC and the absorp-
tion patterns of the toluidine blue stain into the porous regions
of transected RBC specimens seen when using the 10-mm
diameter metal mold. In all specimens, the length of hard
RBC positioned directly underneath the violet-emitting LED
chip (emitting a peak spectral output at 409-nm) was not as
long as the remaining resin exposed directly under the locations
where the two blue-emitting LEDs (emitting peak spectral
output at 456-nm) were located. Figure 5 illustrates the decline
in the transmitted spectral radiant power through 12-mm diam-
eter disks of cured RBC. For both shades of RBC, almost no
light from the 409-nm LED chip was emitted from the bottom
of the 4.0-mm thick specimens of both RBC shades.

Discussion

The purpose of this studywas to compare the thickness values of
remaining RBC when using two mold materials and three mold
diameters. Additionally, the effects of using an organic solvent
to remove the uncured RBC were examined. For the two RBCs
tested, Fig. 4 reports that the remaining cured composite speci-
men lengths and DOC values were always greater when using
the white Delrin® molds, when compared to values seen using
metal molds (p < 0.001). Thus, the first research hypothesis was
accepted. Increase in mold diameter significantly increased the
length of hard composite and DOC values when made using
metal molds and for the Delrin® 6-mm diameter molds com-
pared to the 4-mm diameter Delrin® molds (p < 0.01), but not
for the 10-mm diameter Delrin® molds. A similar increase in

Fig. 1 View of the light-emitting end of the Bluephase Style with a 9-mm
internal diameter light guide. Outlines of the LED locations within the un-
activated LCU are evident (a). Inhomogeneity in the tip exitance
irradiance is illustrated in the beam profile image (b) using color-coded
irradiance (mW/cm2) values (red = high, and violet = low irradiance). The
circles in (b) indicate the diameters of the 4, 6, and 10-mm molds
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hardness at the center of RBC specimens has been reported
when using 10-mm diameter metal molds compared to 4-mm
diameter metal molds [22]. However, for both the 4- and the 6-
mm diameter Delrin® molds, an increase in mold diameter to
10-mmdid not increase cured composite specimen length. Thus,

the second hypothesis that mold diameter would have no effect
on cured composite specimen length or DOC was rejected.

As shown in Fig. 4, depending on the mold diameter, the
lengths of hard RBC remnants ranged from 5.9 to 8.4-mm in
the metal molds and were 8.7 to 12.0-mm long in the white

Fig. 2 View of the light-emitting
end of the Bluephase Style light
guide with outlines of the 4-mm
aperture opening representing the
restriction of light into the ISO
4049 mold dimension is
superimposed over the light
guide. Inhomogeneity in emission
wavelengths can be observed
together with inhomogeneity in
the tip exitance irradiance (red =
high, and violet = low irradiance
values). It can be seen that the
spectral radiant powers are
different across the light-emitting
tip
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Delrin® molds. Table 1 shows that when divided by two, all
the depth of cure values achieved using the Delrin® molds
were greater than the 4-mm maximum increment thickness
recommended by the RBC manufacturer. Similar increases
in the depth of cure using white molds have been previously
reported [18, 23]. Use of semi-transparent white Delrin®
molds maymore accurately represent what occurs in the tooth,
compared to when using the completely opaque metal molds.
However, once again, the ISO specification is not designed to
correlate with any clinical situation.

A previous study using a halogen curing light also reported
that the distribution of resin curing in opaque molds was sub-
stantially lower at or near the mold walls than at the center,
and the depth of cure was dependent on the diameter of the
mold [18]. Similarly, the curing pattern observed in the present
study was substantially lower near the metal mold walls than
at the center, but this effect was not symmetrical. In the 4- and
6-mm-diameter Delrin® molds, the curing pattern produced
longer lengths of cured composite near the Delrin® mold
walls than at the center for the specimens, but this was not
observed in the specimens made using the 10-mm diameter
Delrin® molds.

This study used the Bluephase Style with the new light ho-
mogenizer tip. Figures 1, 2, and 3 illustrate that the irradiance
and emission spectrum Bhot spots^ associated with the physical
locations of the three individual LED chips within the LCUhead
are less prominent than from previous version of this LCU [28,

34]. However, one Bhot spot^ can still be attributed to the 409-
nm violet-emitting LED chip, and the other two high irradiance
areas are correlated with the two 456-nm blue-emitting LED
chips. Figure 3 shows that the RBC directly underneath the
shorter wavelength, violet chip was cured to a shallower depth
and even broke away when subjected to a small load after sol-
vent dissolution. The use of a light tip that was smaller in diam-
eter than the mold minimized any effect of light passing through
the semi-transparent mold material, or any interaction between
the RBC and the side of the mold [23]. The fiber-to-fiber LCU
tip diameter was 9-mm and the diameter of the molds used in
Fig. 5 was 12-mm. This provided a 1.5-mm thickness of RBC
between the light beam and the walls of the mold. Figure 5
illustrates that for both shades of RBC, although some of the
lower wavelengths were transmitted through 3.0-mm of RBC,
almost no emission from the 409-nm violet LED chip was de-
tected at the bottom of the 4.0-mm thick samples of either RBC
shade and only low irradiance from the 456-nm chipwas present
in this region. This result confirms previous reports describing
the reduced transmission of the shorter wavelengths of light [32,
33] and accounts for the reduced depth of cure below the violet-
emitting LED chip that can be seen in Fig. 3.

As seen in Figs. 3 and 5, not all areas of the specimen re-
ceived the same irradiance and wavelengths of light from the
LCU, and both methods of removing the uncured RBC con-
firmed the presence of uneven curing across the bottom surface
of the RBC. This uneven resin polymerization demonstrates that
a mold that is wider in diameter than 4-mm is required to dem-
onstrate the effects of beam inhomogeneity on depth of cure.
Also instead of only measuring the maximum length of hard
RBC remaining, it is necessary to take a cross-section view
and report the shape of the hard RBC remaining at the bottom.
Only then is it possible to determine if there are any positive or
negative effects of light output inhomogeneity on RBC that is
intended to fill an entire molar MOD preparation and be ade-
quately cured in a single light exposure. The result shown in
Fig. 3 is contrary to the results of a study by Li et al. [14] who
reported that beam inhomogeneity (regarding the position of the
410-nm versus that of 470-nmLEDs) did not significantly affect
the results for all five RBCs they tested. However, these authors
used the LCU on the high-power setting for double the recom-
mended exposure time and failed to measure the beam profile
from the Polywave® Bluephase 20i (Ivoclar Vivadent) LCU
used in the study. Thus, the reader is unsure whether the light
output from the Bluephase 20i was indeed inhomogeneous. In
the future, studies should either report the beam profile or refer
to a source such as a publication or a manufacturer’s website
where the beam profile information is available.

Figure 4 illustrates that the choice of mold diameter signif-
icantly affected the maximum length of remaining cured com-
posite. Despite the large volume increase in the total amount
of material used in the 10-mm diameter mold compared to the
4-mm diameter ones (from 125.73 to 785.4 mm3) when the

Fig. 3 Views of the recovered cured remnants of 10-mm diameter RBC
specimens made in the metal mold and subjected to either manual
scraping using a plastic spatula (left), or retrieved after solvent
dissolution (right). Note the asymmetrical, slanted bottom surfaces of
both the scraped and dissolved specimens under the 409-nm
emitting LED. Only the specimens subjected to solvent dissolution
followed by sectioning and staining produced a region of porous stained
RBC that was 0.5- to 2.0-mm thick at the sides and of the RBC (bottom
right)
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RBCswere exposed using the same 10-s time, the thickness of
remaining cured composite remnant increased as the mold
diameter increased from 4 to 10-mm. This increase is likely
attributed to the fact that the 10-mm diameter mold received
the entire light output from the LCU, whereas the 4-mm di-
ameter mold only received a small, localized sample of light
(wavelengths and irradiance) from the LCU. Although the 6-
mmmold was still smaller than the diameter of the light guide,
Fig. 1 shows that it was wide enough to capture regions of
high irradiance from the LCU. In addition, because the

Table 1 Depth of cure (DOC) of
Tetric Bulk Fill shade IVA or
shade IVW (maximum length of
hard remnant divided by 2)
determined according to method
of uncured composite removal
(N = 5 specimens per condition)

Mold
diameter
(mm)

Removal
method

Mold type Resin
shade

DOC

LS MEAN
(mm)

Significance
group

4 Solvent Metal IVA 3.0 a

4 Solvent Metal IVW 3.1 a, b

4 Scraped Metal IVA 3.1 a, b

4 Scraped Metal IVW 3.2 b

6 Solvent Metal IVA 3.4 c

6 Scraped Metal IVA 3.5 c

6 Solvent Metal IVW 3.6 c, d

6 Scraped Metal IVW 3.7 d

10 Scraped Metal IVA 3.9 e

10 Solvent Metal IVA 4.0 e

10 Scraped Metal IVW 4.2 f

10 Solvent Metal IVW 4.2 f

10 Scraped Delrin IVA 4.4 g

10 Solvent Delrin IVA 4.4 g

10 Scraped Delrin IVW 4.7 h

10 Solvent Delrin IVW 4.8 h

4 Scraped Delrin IVW 5.1 i

4 Scraped Delrin IVA 5.1 i

4 Solvent Delrin IVW 5.2 i

4 Solvent Delrin IVA 5.2 i

6 Scraped Delrin IVA 5.6 j

6 Solvent Delrin IVA 5.7 j

6 Scraped Delrin IVW 5.9 k

6 Solvent Delrin IVW 6.0 k

The Delrin® mold had a significant, positive effect on the DOC compared to the metal molds. The DOC was
longest in the 6-mm-diameter Delrin® molds (p < 0.05)

Letters a, b, c, etc. indicate values not significantly different, Tukey–Kramer multiple comparison test (p ≤ 0.05)

Fig. 4 Maximum remaining length of retrieved, hard RBC (Tetric Bulk
Fill shade IVA or shade IVW), according to method of removal of
uncured RBC (S manually scraped, D solvent-dissolved), mold type
(metal or Delrin®), and diameter (4, 6, or 10-mm). N = 5 specimens per
condition, vertical bar = ±1 standard deviation

Fig. 5 Decline in spectral radiant power (mW/nm) through disks of
cured RBC that were 0.5, 1.0, 2.0, 3.0, and 4.0-mm thick. Note that
almost no light from the violet (409-nm LED) chip was emitted from
the bottom of the 4.0-mm thick specimens
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Delrin® mold itself transmitted light, RBCs in the 4 and 6-mm
diameter molds received light from the top and laterally down
the sides of the specimen. This resulted in longer lengths of
hard RBC in the 4- and 6-mm diameter Delrin® molds. This
situation could not occur in the opaque metal mold and only
partially occurred in the 10-mmDelrin®mold. Figure 1 shows
that the 10-mm-diameter Delrin® mold was wider than the 9-
mm active tip diameter of the LCU. Thus, not as much addi-
tional light could reach the Delrin® in the 10-mm mold and
then be transmitted down the mold to reach the sides of the
RBC. This difference resulted in shallower depths of cured
composite remnants and shorter RBC specimens in the 10-
mm Delrin® molds, compared to specimens made using the
4 and the 6-mm diameter Delrin® molds.

While the ISO 4049 test using a 4-mm diameter mold is a
simple screening method, it is prone to operator-induced vari-
ables and only measures the maximum length of remaining hard
RBC. The resulting depth of cure values are thus highly depen-
dent upon this maximum length measurement. Examining the
shape of the remaining hard RBC at the bottom of a 10-mm
diameter mold may offer more clinically relevant results, espe-
cially for bulk-filling RBCs. Although the external profiles of
remaining hard RBC appeared similar using the two methods,
solvent-dissolved specimens revealed an internal transition zone
of porous RBC that was not present in specimens where uncured
composite was removed using manual scraping. This porous
region and its shape confirm that it is not the maximum length
of hard RBC remaining that should be reported as the DOC, but
instead some adjustment is required.

The alternative, Bno-touch,^ solvent-dissolution method to
remove uncured RBC was easy to implement. When sectioned,
the information from the solvent-dissolved specimens revealed a
distinct, internal border between the shiny, apparently well-
cured RBC and the peripheral, porous solvent-resistant polymer.
This porous, Bfrosty^ region was approximately 1.5 to 2.0-mm
thick across the bottom surface, furthest away from the light and
followed the profile of the outer hard bottom surface of the RBC
(Fig. 3). This region has been previously described as Bfrosty^
[37], and its width appears visually similar to the 2.2-mm dif-
ference previously observed between the length of hard RBC
after the soft material had been scraped away and the region
where differences in the RBC properties have been reported to
begin [36]. Additionally, a larger mold size should be usedwhen
testing bulk-fill RBCs to examine how well an entire restoration
may be polymerized. The porous region that was evident only
after placing the RBCs in solvent indicated that the depth of cure
of both RBCs was less than 4-mm at the periphery when a 9-
mm-diameter light tip was used. This region in the 10-mm di-
ameter mold corresponded to the mesial and distal proximal
boxes of a 10-mm-diameter molar MOD restoration where the
RBC is furthest away from the light source and where most
restoration failures occur. Although a porous inner region was
also present in the 4- and 6-mm-diameter specimens, because

the 4- and 6-mm molds produced longer specimens, the length
of unstained RBC at the edges was longer than 4-mm. Thus, the
third hypothesis, that solvent dissolutionwould reveal additional
information about the RBC remnant, was accepted.

A limitation of this study was that it tested only two bulk-fill
RBCs from the same manufacturer and did not test the proper-
ties of the RBC or the effects of longer exposure times on the
DOC. Ongoing microhardness tests and degree of conversion
analyses are attempting to identify the nature of polymer along
the transition zone at the bottom of the solvent-dissolved RBCs.
Future studies will focus on specific guidelines for identifying
the Bideal solvent,^ the optimal duration of solvent exposure,
the best stain to be used, and the preferred type and mold size.

Conclusions

Within the limitations of this study, it may be concluded that
the mold material and mold diameter play an important role in
determining the depth of cure of RBCs:

1. Specimen thickness was always greater in white Delrin®
molds when compared to metal molds (p < 0.001).

2. Increase in mold diameter significantly increased cured
composite specimen thickess and the depth of cure when
made in the metal molds, and between the 4 and 6-mm
diameter Delrin® molds (p < 0.01). However, when com-
pared to the 4 and the 6-mm diameter Delrin® molds,
increasing mold diameter to 10-mm did not result in a
greater specimen thickness or a greater depth of cure.

3. Remaining RBC thickness beneath the violet LED chip
(peak emission 409-nm) was shorter than areas directly
under the blue (peak emission 456-nm) LEDs.

4. Solvent-dissolved specimens revealed an internal transition
zone of porous and less well-cured RBC that was not pres-
ent in specimens where soft composite was scraped away.
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