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Abstract

This study aimed at evaluating the influence of glass-fiber post (GFP) relining with composites of different opacities on resin
cement layer thickness (CLT), bond strength (BS) to root dentin, and resin cement degree of conversion (DC%). Standard-
ized roots of 52 bovine incisors had their canals prepared and were distributed into 4 groups (n= 10 for CLT and BS; n=3
for DC%) according to the post used: WP3 (Control)—Whitepost DC3; groups DE, EN and TR—Whitepost DCO.5 relined,
respectively, with dentin, enamel, and translucent shade composites. After cementation, specimens were sectioned into six
1.0 mm-thick discs that were submitted to push-out BS test. CLT and failure pattern were evaluated using a stereomicroscope
and DC% by micro-Raman spectroscopy. Data were analyzed by two-way ANOVA and Tukey test (a=0.05). The control
group showed greater CLT than all relined groups (p <0.05), which did not differ from each other (p > 0.05). Groups relined
with low opacity composites (TR; EN) showed the highest BS and DC% means (p <0.05). BS was not different among
root thirds (p > 0.05), while DC% decreased from cervical to apical third (p <0.05). Adhesive failures between cement and
dentin were predominant, except for group DE with frequent mixed failures. It could be concluded that composite opacity
did not influence CLT, which was thinner when GFP were relined and that relining GFP with lower opacity composites led
to higher BS and DC%.
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Introduction

Since its introduction in the 1990s [1], the effectiveness and
clinical success of fiber-reinforced posts towards the recon-
struction of endodontically treated teeth with large impair-
ment of the remaining structure have been reported [2, 3].
The elastic modulus similar to that of dentin [4], the luting
likelihood with resin cements and composite, and the favora-
ble aesthetics are advantages of these posts—particularly,
quartz and glass-fiber posts (GFP)—turning the root-post
and core assembly a more homogeneous structure in com-
parison to teeth restored with cast metal posts [5].
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The clinical service life of these posts depends not only
on post-bonding to the resin cement, but also on the effec-
tive bonding between the cement and the root dentin, since
debonding is reported as the most frequent failure and is
most frequently related to the cement—dentin interface [6,
7]. Adhesion to the root canal is affected by several factors,
particularly the canal anatomical characteristics and high
cavity configuration factor (C-factor), which may exceed 200
[8, 9]. Moreover, post-retention to root dentin can also be
influenced by irrigating techniques and solutions [10], post-
length [11], cementation technique (including the cement
itself) [12], post-fit to root canal walls, and the consequent
cement layer thickness (CLT) [13].

Since well-adapted posts afford higher bond strength
(BS) values when compared to poorly adapted posts [13],
the precise adaptation between post and root canal diam-
eters exhibits a clinical challenging procedure. Although the
post system drills provided by manufacturers for root canal
preparation aim for a desirable post-fit to the canal walls, in
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elliptical-shaped root canals and canals flared by extensive
caries, trauma, pulpal, and iatrogenic pathologies, post-adap-
tation can be compromised, excessively increasing the CLT.
A thick cement layer may favor the incorporation of air bub-
bles [14], besides allowing an increase of the polymerization
contraction stress at the dentin—post-bonding interface due to
an increase in the amount of resin matrix [15], which could
lead to a discontinuous structural formation with cracks and
voids, thereby increasing the risk of post dislodgment [16].
A suitable response to this problem would be the relining of
the post with restorative composites, which aims at decreas-
ing the CLT, thereby achieving better post-adaptation to den-
tin intracanal walls [14, 17, 18], which would diminish the
dependence on the adhesive technique itself [17].

Another relevant aspect concerns the degree of conver-
sion (DC%) of the resin cement used for post-cementation,
since a higher DC% may be related to higher BS values [19].
In addition, the DC% of composite materials may be affected
by their thickness, by post opacity and root depth, which
could be related to light transmission inside the root canal
[20, 21]. Furthermore, since the degree of conversion of
resin-based materials is influenced by the type of monomers,
filler particles, and amount of photoinitiators, the composi-
tion of the resin cement also plays an important role in BS
[22].

In spite of these insights aforementioned, no previous
investigations surveyed the influence of the relining com-
posite opacity on post-BS to the root dentin and on resin
cement DC%. Therefore, this issue is still a gap for further
investigation. Thus, this study aimed at evaluating the influ-
ence of composites with different opacities used for GFP
relining on the CLT, BS to root dentin and on in situ DC%
of the resin cement used for post-cementation. The null
hypothesis tested is that the relined post and the opacity of
the composite do not influence CLT, BS to root dentin and
DC% of the resin cement.

Table 1 Experimental groups

Materials and methods
Specimen preparation

Fifty-two bovine incisors were used in this study [23]. After
cleaning and disinfection by immersion in 0.5% chloramine
aqueous solution for 7 days, the crowns were sectioned at
the cementum—enamel junction (Isomet 1000, Buehler,
Lake Bluff, IL, USA) and root length was standardized at
14.0 mm. The roots were selected according to the follow-
ing inclusion criteria: absence of cracks, analyzed using a
stereomicroscope (SZ61, Olympus, Tokyo, Japan), coronary
root canal diameter less than or equal to 2.0 mm, and closed
apical apices. All measurements were performed with a digi-
tal caliper (500-196-20B, Mitutoyo, Sao Paulo, Brazil) and
roots were stored in distilled water at 37 °C for 24 h.

The root canals were first prepared and enlarged to a work
length of 12.0 mm with a size sequence of Largo drills (#1,
#2, and #3, Dentsply Maillefer, Ballaigues, Switzerland)
and later with the drill supplied by the GFP Whitepost DC3
manufacturer (FGM, Joinville, Brazil), under irrigation with
2.5% sodium hypochlorite solution. Every 5 root canals pre-
pared, the drill was discarded and replaced with a new one.
The canal apices were sealed with Filtek Z350 XT compos-
ite (3 M ESPE, St. Paul, MN, USA) shade A3D and the roots
were coated with black cosmetic nail varnish to avoid light
propagation through the external root surface. To maintain
the bond interface parallel to the longitudinal axis of the
mechanical testing machine, the roots were embedded up to
its cervical limit, in acrylic resin into PVC cylinders, using
a dental surveyor (EDG, Séo Carlos, Brazil).

The roots were distributed into 4 groups (n= 10 for CLT
and BS analyses and n=3 for DC% analysis), according to
the type of post used (Table 1): group WP3 (Control), where
a GFP Whitepost DC3 was used under conventional tech-
nique; groups DE, EN, and TR, where a GFP Whitepost
DCO0.5 was relined with Filtek Z350 XT restorative com-
posite, respectively, in shades A3D (dentin), A3E (enamel),
and CT (translucent).

Composition

Groups GFP (white Relining composite

post DC)
WP3 (control) #3 No relining
DE #0.5 Filtek Z350 A3D (dentin)
EN #0.5 Filtek Z350 A3E (enamel)
TR #0.5 Filtek Z350 CT (translucent)

Glass fiber, epoxy resin, inorganic filler, and polymerization promoters

Filler: 63.3 vol.% combination of non-agglomerated/non-aggregated
20 nm silica filler and 4.0 — 11.0 nm zirconia filler, and aggregated
zirconia/silica cluster ranging from 0.6 to 10.0 pm

Polymeric matrix: Bis-GMA, Bis-EMA, UDMA, and TEGDMA

Filler: 55.6 vol.% combination of non-agglomerated/non-aggregated
20 nm silica filler and 4.0 — 11.0 nm zirconia filler, and aggregated
zirconia/silica clusters ranging from 0.6 to 20.0 um

Polymeric matrix: Bis-GMA, Bis-EMA, UDMA, and TEGDMA
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All GFP were ultrasonically cleaned (USC-800, Unique,
Indaiatuba, Brazil) and conditioned with 24% hydrogen
peroxide solution for 60 s [24], followed by an active appli-
cation of an organosilane coupling agent (RelyX Primer,
3 M ESPE, St. Paul, USA). Posts from groups DE, EN, and
TR were covered with their respective composite, inserted
into the previously lubricated canal (K-Y Gel, Johnson &
Johnson, Sio José dos Campos, Brazil), and photoactivated
(800 mW/cm? for 10 s, Radii-Cal, SDI, Victoria, Australia).
After removal from the canal, photoactivation was further
performed with two more 40 s irradiations on two oppos-
ing axial surfaces, aiming that all regions of the relining
composite received the same radiant exposure. Irradiance
was monitored with a radiometer (LED Radiometer, Demet-
ron, SDS Kerr, Danbury, USA) every five irradiations. After
water rinsing for lubricant excesses removal, the post-relined
surface was air-abraded with 50.0 pm Al,O; particles for
20 s (10.0 mm distance under 60 psi pressure/Microetcher
ERC, Danville Engineering Inc., Danville, USA) and ultra-
sonically cleaned, and the organosilane coupling agent was
actively applied for 60 s. For all groups, the root canals were
washed with distilled water for 60 s and blot dried with an
endodontic cannula (Ultradent Products Inc., South Jordan,
USA) for 5 s, followed by a #80 absorbent paper point (Dent-
sply Maillefer, Ballaigues, Switzerland) for I s.

A self-adhesive resin cement (RelyX U200/3 M ESPE,
St. Paul, USA) was manipulated according to the manufac-
turer's instructions and inserted into the canal with a syringe
(Centrix/DFL, Rio de Janeiro, Brazil). Aiming to standard-
ize the seating load, a 50.0 g brass cylinder was adapted on
the top of the surveying arm, which was lowered towards the
surveying platform, and the GFP was inserted into the root
canal. The cement excesses were removed and photoactiva-
tion was carried out (800 mW/cm? for 40 s). After cementa-
tion and prior to all analyses, the specimens were stored in
distilled water at 37°C for 24 h to keep the moisture of the
roots and to release stresses derived from the resin cement
polymerization.

To evaluate CLT, BS and the resin cement DC% at dif-
ferent root depths, specimens were sectioned, under refrig-
eration (Isomet 1000, Buehler, Lake Bluff, USA), perpen-
dicularly to the post-long axis, obtaining 6 discs of 1.0 mm
thickness [2 discs for each third — cervical (C), middle (M),
and apical (A)]. Between each experimental procedure, discs
were stored in distilled water at 37 °C. All analyses were per-
formed immediately after removing the discs of the storage
medium in a temperature-controlled laboratory (23 +1 °C).

CLT analysis
Before push-out test, specimens were photographed (40X)

with a digital camera (UC30, Olympus, Munster, Germany)
coupled to an optical stereomicroscope (SZ61, Olympus,

Tokyo, Japan) and connected to a computer with an image
capture software (AnalySIS getIT/Olympus Soft Image
Solutions GmbH, Munster, Germany). An image analysis
program (ImageJ 1.43u/Wayne Rasband National Institute
of Health, Maryland, USA) was used to measure CLT, at
four radial and equidistant sites on the cement film [25].
The CLT value at each site was obtained from the average
of 3 subsequent measurements and the average of the 4 sites
determined the specimen CLT (Fig. 1).

BS analysis

The BS analysis was undertaken by means of a push-out test.
The test was performed by applying a compressive load on
the apical side of the post (or post/relining composite set) of
each disc using a cylindrical plunger attached to a universal
testing machine (EMIC DL2000, Instron Brasil Equipamen-
tos Cientificos, Sdo José dos Pinhais, Brazil), at a crosshead
speed of 1.0 mm/min.

The BS was calculated by the formula: BS =F(N)/A,
where F was the failure load and A was the area of the adhe-
sive interface, which was calculated by the formula:

A=z®R+ [ +®R-r?]", where n=3,1416,
R =coronal diameter of the cement/post, r=apical diameter
of the cement/post, and h =slice thickness.

Fig.1 Representative optical stereomicroscopy image of CLT analy-
sis. White arrows show measurements sites. (D root dentin, RCem
resin cement, RC relining composite, GFP glass-fiber post)
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Failure pattern analysis

The specimens submitted to the push-out test were observed
under an optical stereomicroscope (SZ61, Olympus, Tokyo,
Japan) with a 40X increase, to determine the type of failure
at the bonding interface. Failures were classified as: a) adhe-
sive between cement and dentin (ACD); b) adhesive between
cement and post/relined post (ACP); ¢) mixed, when it was
possible to observe both patterns in the same specimen; d)
cohesive, when the failure was verified in the bulk of the
relining composite (Fig. 2).

DC% analysis

The disks submitted to the DC% analysis were wet-polished,
sequentially, with 1500- and 2000-grit SiC papers for 20 s,
and ultrasonically cleaned for 10 min in distilled water.
Raman microspectroscopy analysis was used to assess the
in situ DC% of the resin cement after photopolymeriza-
tion. The micro-Raman spectrophotometer (Xplora, Horiba
Jobin Yvon, Paris, France) was first calibrated using a silicon
standard sample supplied by the manufacturer. HeNe laser
with 3.2 mW power and 633 nm wavelength was employed
with 1.5 um spatial resolution, 2.5 cm™! spectral resolu-
tion associated with 10X magnification lens (Olympus,
London, UK) to position laser beam, approximately at the
middle of the resin cement layer, equidistant from dentin
walls and post or relining composite. DC% was calculated

Fig. 2 Failure mode after
push-out test. In A, failure A 100%
pattern distribution (%) of the
experimental groups. In B, C,
and D, representative stereomi-
croscopic images of ACD (B),
mixed (C), and cohesive (D)
failures. White arrows show
the sites in which each type of
failure could be detected

5%

50%

Failure mode (%)

25%

0%
Cervical Middle Apical

B ACD

based in a previous investigation by means of the formula
DC% = [1 - (Rpolymerized/Runpolymerized)] X 100’ where R is
the ratio between the heights of 1638 cm™! and 1609 cm™!
peaks, after baseline correction, of uncured and polymer-
ized cement material in root dentin specimens [26]. Three
equidistant readings were undertaken at the cement layer on
the topside of each specimen according to the experimental
groups and root thirds.

Statistical analysis

After the sample normality and homoscedasticity were veri-
fied by means of Shapiro—Wilk and Levene test (p > 0.05),
respectively, data obtained from each analysis were submit-
ted to 2-way ANOVA (type of intracanal retainer: GFP and
relined GFP; and root thirds: cervical, middle, and apical)
and Tukey HSD test (e =0.05) using Minitab software 17
(Minitab Inc., State College, USA). The sample size for both
analyses was calculated based on the mean and standard
deviation values obtained from the pilot study and consider-
ing a statistical test power of 0.80.

Results
The statistical analysis indicated that for CLT, BS, and

DC% analyses, there was a statistically significant differ-
ence (p <0.05) for the experimental groups. However, both

B Mixed

I Cohesive

Cervical Middle Apical Cervical Middle Apical Cervical Middle Apical
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Table 2 Mean and standard deviations of CLT (mm) for the interac-
tion “experimental groups vs. root thirds”

Table 4 Mean and standard deviation of DC% values for the interac-
tion “experimental groups vs. root thirds”

Groups Cervical Middle Apical Groups Cervical Middle Apical

WP3 0.10+0.024 0.14+0.0042° 0.18+£0.03 A2 WP3 66.9+4.182 68.9+2.144 29.1+6.28°
DE 0.06+0.084-B2 0.05+0.0182 0.06+£0.0132 DE 46.6+3.1¢2 443410282 17.6+0.9¢°
EN 0.06+£0.014B2 0.05+0.0182 0.06+0.0282 EN 79.9 +3.4542 70.2 +6.54%0 58.6+2.740
TR 0.04+0.0282 0.04+0.0282 0.04+0.0282 TR 76.5+2.1442 65.8+2.744 48.1+6.27°

Different capital letters in columns and lower case letters in rows
depict statistical differences among the means (p <0.05)

Table 3 Mean and standard deviations of BS (MPa)

Groups  Main factor ~ Root thirds

Cervical Middle Apical
WP3 3.53+1.32°  298+0,556 327+121 434+1,67
DE 3.76+0.83°  3,62+095 3,71+0,92 3,94+0,67
EN 543+196* 540+126 536+2,08 552+259
TR 5.62+1.82* 486+1,75 588+1,69 6,14+197

For the main factor, different superscript letters indicate statistically
significant differences (p <0.05)

the root third factor and the interaction (experimental group
X root third) showed significant differences only for CLT
and DC%. Table 2 presents the results of the interaction
between the experimental groups and the root thirds for the
CLT analysis. Analyzing separately each root third, it can be
noted that, at the cervical third, while the CLT values of the
WP3 group were only statistically higher than that of the TR
group, at the middle and apical thirds, WP3 showed higher
CLT than all further groups with relined GFP (DE, EN, and
TR). Moreover, for all relined groups, CLT was not statisti-
cally different among root thirds, while for WP3, CLT of the
cervical third was thinner than that of the apical.

The means and standard deviations of BS are reported in
Table 3. In the “Main factor” column, it can be noted that
groups EN and TR presented higher values than WP3 and
DE. Moreover, there was no statistical difference between
groups EN and TR and between WP3 and DE.

Figure 2 shows the failure pattern distribution after
push-out test (A) and representative optical stereomicros-
copy images of failed posts (B, C, and D). Adhesive failures
between cement and root dentin (ACD) were the most fre-
quent in all groups, except for the DE group. Slight percent-
age of cohesive failures was detected only in the TR group.
No adhesive failures between the cement and the post were
detected in any group.

Table 4 exhibits the results of the interaction between the
experimental groups and the root thirds for the DC% analy-
sis. For all root thirds, the DE group obtained the lowest val-
ues of DC% among all groups, whereas groups EN and TR

Different capital letters in the columns and lower case letters in the
rows show statistical differences (p <.05)

showed the highest conversion. For all experimental groups,
DC% was lower at the apical third than at the other thirds.

Discussion

The present investigation showed that CLT, BS to root dentin
and resin cement DC% were influenced by post-relining.
Furthermore, the opacity of the relining resin composite
influenced BS and DC%. Therefore, the null hypothesis was
rejected.

The choice of the resin composites employed for post-
relining in the current experiment was based on a study that
showed significant differences in the translucency parameter
of these materials [27], which could affect post-retention to
root dentin and DC% of the resin cement used for post fixa-
tion. Furthermore, to avoid a potential influence of different
resin cement composition in the responses analyzed here, a
widely worldwide resin cement, that could be considered a
gold standard, was selected.

Regarding CLT, an expressive reduction was observed in
the groups in which the GFP was relined in comparison to
the one in which it was cemented without relining (Table 2).
This result is supported by that of Souza et al.[14] and might
be explained by a better post-adaptation to the root canal
walls [16, 28, 29]. However, Souza et al.[14] showed a CLT
increase from the cervical to apical region with relined posts,
while in the present study, this variation was only observed
for the conventional GFP without relining. This divergence
may be related to methodological differences in post-relining
techniques, which lacks standardization in the literature, and
principally to the geometry of GFP used in both studies.

Comparing the CLT in each root third (Table 2), it can
be noticed that for WP3 (non-relined group), there was a
significant and progressive increase in CLT from 0.10 to
0.18 mm, a twofold increase that clearly characterize a poor
adaptation of the GFP to the canal walls. Contrarily, for the
relined groups, the CLT did not change in the three root
thirds, suggesting that the relining protocol employed in the
present study was capable of modeling the entire length of
the post-space.
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Well-adapted GFP to the canal walls has already been
established to provide higher BS [13, 30]. That was the
rationale to use a post with similar diameter to the root canal
space as the control group. On the other hand, for the relined
groups, a thinner post was used aiming at facilitating the
insertion of a high viscosity material (the relining compos-
ite) in a very narrow space, which would be the case if the
well-adapted post had been employed. Moreover, using the
thinner post in a larger post-space intended to simulate a
clinical condition in which flared root canals, which do not
have a matching post, must be restored. Nevertheless, other
studies had stated that BS was even greater when relined
GFP were used [14, 18, 29, 31, 32], which supports the pre-
sent outcomes (Table 3).

Among other aspects, reduced CLT favors the develop-
ment of reduced polymerization shrinkage stress [16], which
plays an important role in increasing BS of the relined posts
to the canal walls. In the present investigation, there was no
difference in BS among root canal thirds, as already men-
tioned. Using the same self-adhesive dual-cure resin cement
of the current investigation, another study reported similar
outcomes, but differences between root thirds were observed
when a conventional resin cement was employed [33]. How-
ever, this topic does not seem consensual, as some findings
corroborate with the present results [13, 25], while others do
not [32, 34-36]. This divergence may be related to several
factors, such as root canal morphological variations, which
may explain the variability of the push-out test results, simi-
lar to those of other studies [37].

By analyzing the failure patterns after push-out test
(Fig. 2), although ACD failures were predominant, as in
accordance with previous studies [29, 31-33, 35, 36], the
GFP relining increased the percentage of mixed failures.
Furthermore, TR group, with posts relined with the lowest
opacity composite (translucent shade), was the only one to
exhibit cohesive failures. It is feasible to speculate that the
low filler/matrix ratio of such composite [38] could con-
tribute to these results, once posts relined with enamel and
dentin shades (groups EN and DE) did not show cohesive
failures.

Although the polymerization reaction of dual-cure resin
cements is triggered by its chemical component, the contri-
bution of the photoactivation to improve cement mechanical
properties and DC% is also well established [39]. However,
light transmission in the root canal is reduced as its depth
increases. Thus, it is easily justified the use of translucent
posts, theoretically capable of better transmitting the light
to the root deepest region [13, 20, 25, 30]. While some
studies have shown that these posts favored more efficient
cement polymerization, which would be directly correlated
to improved adhesion [35], others state that even trans-
lucent GFP would not substantially contribute to a bet-
ter resin cement polymerization in the deepest root canal

@ Springer

regions, which may lead to low bond strength values [34,
40]. These disagreements suggest that this issue still needs
further investigation. Besides, the role of opacity of relining
resin composite on resin cement DC% was also very little
investigated.

In the present study, post-BS to root dentin (Table 3) and
DC% of the resin cement (Table 4) were both influenced by
the opacity of the resin composite used for post-relining,
since low opacity composites (TR and EN) led to higher BS
and DC% than the dentin-shade composite (DE), with the
highest opacity. Analyzing the DC% of resin cements with
different opacities through different ceramic materials, Men-
donga et al. [41] showed that the more translucent cement
presented higher DC% than an A2 shade one. The authors
stated that the opacity of restorative materials influenced
light transmittance, consequently jeopardizing the resin
cements DC%. This finding is in agreement with another
study [42] which showed that enamel shade and translucent
resin composites (low opacity) presented higher DC% than
dentin-shade/high opacity ones. Thus, it can be speculated
that the less opaque composites (TR and EN) used could
have facilitated light transmission during photoactivation
[42], positively influencing DC% and BS to root dentin.
Finally, based on the present results (Table 3), it is reason-
able to infer that using a resin composite with low translu-
cency could be not beneficial for improving GFP retention
to root canal walls.

For all experimental groups, there was a reduction in the
DC% from the cervical to the apical region. Furthermore,
the DE group (dentin-shade composite) presented the low-
est DC% in all root thirds (Table 4). These results are sup-
ported by previous studies showing a gradual reduction on
the resin cements DC% in relation to the root depth [43,
44]. According to these authors, this is due to a substantial
reduction in the light intensity in the root deepest regions,
which diminishes the activation of camphorquinone, the
light-curing component of polymerization. Interestingly, in
the study of Kim et al. [44], the resin cement DC% with
two translucent posts ranged from 69.7% to 46.5% and from
68.7% to 44.1% from the cervical to the apical third, val-
ues close to those observed for EN (79.9%-58.6%) and TR
(76.5%—48.1%), less opaque resin composites, in the pre-
sent study (Table 4). This finding suggests that GFP-EN and
GFP-TR blocks behaved as monolithic structures regarding
light transmission, positively impacting the DC%. The fact
that WP3 (control group) presented a lower DC% than those
of EN and TR in the apical third reinforces this assumption.

Considering that DC% is not the only determinant factor
for the clinical success of a post-retained restoration and
that relined GFP may partially compensate the dependence
on the adhesive technique to the root canal [17, 45], it is
reasonable to understand that, although the post had been
relined with a high opacity composite and the resin cement
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had shown the worst DC% when compared to further groups,
BS of the DE group was similar to the WP3s, even though
the latter had higher DC%. This suggests that a thin resin
CLT is as important as the adequate resin polymerization to
attain optimal adhesion to root dentin [18, 29, 31, 32].

A threshold DC% has not yet been determined for meth-
acrylate-based restorative materials, such as resin cements.
Moreover, regarding their clinical performance, a negative
correlation of resin composite abrasive wear in vivo and
DC% [46] suggests that values above 55% could be taken
as the minimum for this purpose. Thus, based on the pre-
sent outcomes of posts relined with dentin-shade compos-
ite, attaining conversion lower than 55% in all root canal
regions, it seems valid not to recommend GFP relining with
high opacity composites, such as dentin and opaque shades.

This study adds important aspects regarding the influ-
ence of composites with different opacities used for GFP
relining on the CLT, BS to root dentin and on in situ DC%
of the resin cement used for post-cementation. Neverthe-
less, the use of only one resin cement could be considered a
limitation of the current investigation, since resin cements
with different compositions might influence the responses
approached here. This aspect should be addressed in future
investigations in this field.

Conclusions

Within the limitations of this study, it can be concluded that
relined GFP provided a thinner cement layer. Moreover,
retention was also improved when GFP were relined with
more translucent composites, which, in turn, led to higher
degree of conversion of resin cement than dentin-shade
composite with high opacity. These findings indicate that
less translucent resin composites provide no benefits for
post-retention.
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