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ABSTRACT
Objective: This study aimed to identify post-cure’s effect on the depth of cure (DOC) of a short fiber-reinforced resin composite (SFRC).

Methods: Six EverX PosteriorTM shade A3 specimens were cured with a light-emitting diode light curing unit with 800 mW/cm2 of light irradiation
for 20 s. The specimens were divided into two groups. The first was measured immediately post-cure and the second was measured 24-h post-cure.
They were measured with a Vickers microhardness profile test. An independent t-test was used to analyze the significance of the differences between
the DOC value and different variables.
Results: The DOC of the specimens measured immediately post-cure was 3.02±0.02 mm. The DOC of the specimens measured 24-h post-cure was
3.93±0.03 mm.

Conclusion: The DOC of the specimens measured 24-h post-cure was significantly higher than the DOC of the specimens measured immediately postcure. Post-cure polymerization (24-h post-cure) can increase the DOC values of an SFRC.
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INTRODUCTION
Fiber-reinforced resin composites have been used for post crowns,
periodontal splints, and reparative materials in removable dentures [1].
Short fiber-reinforced resin composites (SFRCs) have been developed
as substructures in posterior restorations. SFRCs have a fracture
toughness equal to that of dentin, so they can be used as substructures
in posterior restorations [2–4]. Light-polymerized resin composites
must undergo polymerization to solidify. During polymerization,
monomers are transformed into polymers [5]. Polymerization occurs
in light-polymerized resin composites when curing continues after
the curing process has begun (post-cure). Post-cure polymerization
begins quickly (within 24 h) and continues slowly [6]. Polymerization is
influenced by three main factors: Lightwave length, light intensity, and
curing duration [7]. Post-cure polymerization can increase the hardness
and depth of cure (DOC) values of a resin composite, thereby affecting
the success of the restoration. Inadequate polymerization will reduce
the physical properties of a resin composite restoration because there
are many non-reactive monomers [6,8]. Polymerization decreases as
restoration depth increases. DOC is influenced by the post-cure period;
the irradiation distance; the size and distribution of the filler; and the
type, color, and thickness of the resin composite [9,10].
DOC increases as the post-cure polymerization reaction continues [11].
In vitro studies have shown that several methods can be used to
measure DOC, including optical microscopy, fourier transform infrared
(FTIR) spectroscopy, bottom-to-top surface-hardness ratio, the ISO
4049, and the Vickers microhardness profile test [7]. The bottom-to-top
surface-hardness ratio and optical microscopy methods overestimate
DOC; the FTIR method is less sensitive when measuring slight
changes in the degree of conversion [12]. DOC is also overestimated
by the ISO 4049 method, unlike the Vickers microhardness profile
test [13]. For example, a previous study investigated DOC using four
bulk-fill materials. It measured the DOC using the ISO 4049 method
and the Vickers microhardness profile test. The study showed that
the ISO 4049 method overestimated the materials’ DOCs, unlike the

Vickers microhardness profile test [13]. Consequently, the Vickers
microhardness profile test is more accurate when measuring DOC than
other methods [12,13].
A previous study investigated the post-cure polymerization of a
microfill resin composite stored at 37±2°C. The bottom-to-top surfacehardness ratio showed that the hardness value increased as the postcure duration increased. In addition, there was a higher degree of
conversion, which increased as the post-cure duration increased. The
conversion was slow for 20 min after irradiation. It gradually increased
60 min after irradiation and continued to increase 1–7 days after
irradiation [11].

A study of the exposure time and post-cure of a microhybrid resin
composite was conducted. The composite’s nanohardness, Young’s
modulus, and degree of conversion were measured immediately after
irradiating the composite and storing it at 37°C for 7 days post-cure.
The study found that the composite’s nanohardness, Young’s modulus,
and degree of conversion increased when the composite was stored
under those conditions [14].
A study investigated the DOCs of five types of bulk-fill resin
composites. The composites were stored at 37°C for 24-h post-cure
and were measured using a Vickers hardness profile test. The DOC was
determined to be at least 80% of the maximum value of the Vickers
hardness number (VHN). The study reported that the five types of bulkfill resin composites could reach a DOC that matched the manufacturer’s
declaration after being stored at 37°C for 24-h post-cure [7].

Another study investigated 24-h post-cure polymerization and the
effect temperature has on particulate and bulk-fill resin composites.
The composites were stored at 20°C and 37°C. A spectrometer reported
a significant increase in the degree of conversion 24-h post-cure [15].
While such research has been conducted, no studies have examined
post-cure’s effect on the DOC of SFRCs. Thus, this study investigated the
topic.
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METHODS
Six specimens were prepared in a stainless steel mold that contained a
bottom plate, a top plate, and a 10 mm × 4 mm × 2 mm slot (Fig. 1). The
specimens consisted of a random SFRC, which was EverX PosteriorTM (GC
Corp, Tokyo, Japan). It was shade A3 cured with a light-emitting diode
(LED) light curing unit (LCU) (Litex 695, USA) with light irradiation of
800 mW/cm2 for 20 s. The specimens were divided into two groups:
Group 1 was specimens at room temperature (23±1°C), which were
measured immediately post-cure using the surface microhardness
profile method and Group 2 was specimens stored dry at 37°C, which
were measured 24-h post-cure using the surface microhardness profile
method. The results of Group 1 were compared to the results of Group 2
to determine differences in the DOC values for the SFRCs, depending on
the curing method used.

All specimens were examined with a microhardness instrument
(a Zwick/RoellZHμ microhardness tester, Germany). A fixed load of
200 g was applied for 15 s. The VHN was measured at 0.3 mm intervals
from the surface that was close to the LCU. The VHN was measured
until the indentation on the specimen’s surface was not clear enough
to be measured. The data were calculated as hardness numbers, and
the VHN was plotted against the DOC (in mm) [7].An independent t-test
was used to analyze the significance of the differences between the DOC
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value and different variables. All data were subjected to a normality
test and Levene’s test of homogeneity of variance (α=0.05) following
the assumption there were equal variances.
RESULTS

The maximum VHNs, 80% of the maximum VHNs, and the DOCs of
the SFRCs are presented in Table 1 and shown in Fig. 2. The maximum
VHNs were acquired by measuring at 0.3 mm intervals. The VHNs
were 57.4±0.38 for Group 1 and 61.4±0.87 for Group 2. The 80% of
maximum VHN measurements were 45.9±0.3 for Group 1 and 49.1±0.7
for Group 2. The depths corresponding to 80% of the maximum VHN
were 3.02±0.02 for Group 1 and 3.93±0.03 for Group 2. The depths
were taken as the DOCs.
DISCUSSION

In this study, the DOC of each specimen was measured by determining
its VHN profile. There were significant differences between the groups’
DOCs. The DOCs of Group 2’s specimens were higher. This is due to the
post-cure polymerization reaction, which limited monomer movement
and trapped free radicals in the unpolymerized resin composite
matrix [14].

The manufacturer of the SFRC claimed that the composite’s DOC
was 4 mm [8]. The results showed the DOC was 3.02±0.02 mm when
measured immediately post-cure and 3.93±0.03 mm when measured
24-h post-cure. The difference between the study’s result and the
manufacturer’s claim may have been caused by measuring method
differences or inadequate polymerization. The manufacturer used the
ISO 4049 method to measure the DOC. According to a previous study,
the ISO 4049 method overestimates DOC; the Vickers microhardness
profile test is more accurate [12,13].
As aforementioned, polymerization is affected by light wavelength, light
intensity, and curing duration [7]. This study used an LED-LCU with an
irradiation of 800 mW/cm2. The SFRCs manufacturer recommended
20 s of exposure time with an irradiation 800 mW/cm2 LCU to achieve
a 4 mm DOC [8,9]. The results of this study indicate that such an
irradiation and exposure time cannot produce a 4 mm DOC.

Fig. 1: The stainless steel mold, which contained a bottom plate, a
top plate, and a slot measuring 10 mm × 4 mm × 2 mm

a

An increase in light exposure duration would not improve the physical
properties of the resin composite because the total time required for the
resin composite to achieve its maximum hardness is 24-h post-cure [11].
The wavelength of an LCU can generate an optimal polymerization
when it’s similar to resin composite’s photoinitiator. LED-LCU has a

b

Fig. 2: (a,b) Vickers hardness numbers and depth of cures. A shows Group 1’s and B shows Group 2’s
Table 1: The SFRCs’ mean VHNs and DOCs
Groups

Maximum
VHN

80% of maximum VHN

DOC (mm)

Minimum DOC (mm)

Maximum DOC (mm)

Group 1 (immediately post‑cure)
Group 2 (24‑h post‑cure)

57.4±0.38
61.4±0.87

45.9±0.3
49.1±0.7

3.02±0.02*
3.93±0.03*

3.00
3.90

3.04
3.96

*Significant (p<0.05). VHN: Vickers hardness number, DOC: Depth of cure, SFRCs: Short fiber‑reinforced resin composites
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similar wavelength with the resin composite’s photoinitiator which is
camphorquinone [16]. This study used an LED-LCU to activate the SFRC
which contain camphoroquinone as the photoinitiator.

Polymerization can influence the degree of conversion that affects DOC.
DOC is influenced by color, the post-cure period, the resin composite
type, the distance of the irradiation, the thickness of resin composite,
and the sizes and distributions of the filler particles [9,10].
The results of this study showed that there was a significant increase
in the hardness and DOC of SFRC stored at 37±1°C for 24 h. The results
are in accordance with Mohamad et al.’s study. Their study showed
an increase in the hardness of a particulate resin composite stored at
37°C for 7 days. During polymerization, free radical molecules that had
not reacted were trapped within the polymer network due to a rapid
increase in viscosity. During the post-cure period, the free radicals
could move and touch species that reacted in the polymer network [14].

This study used the Vickers hardness profile method to measure DOC.
The hardness was measured at 0.3 mm intervals at 10±1 min postcure. It was also measured at 4.2 mm intervals at 120±20 min postcure for Group 1 and 24-h post-cure for Group 2. Group 1 and Group 2
had irregular indentations after 4.2 mm intervals, so the last hardness
entered into the study’s data was at 4.2 mm. The study showed SFRC
could produce a high DOC of 3.93±0.03 mm 24-h post-cure. Therefore,
the maximum recommended SFRC thickness is 3.5–4 mm.
CONCLUSION

Post-cure polymerization (24-h post-cure) can increase the DOC of an
SFRC. The DOC increases significantly to 3.93±0.03 mm.
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