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Abstract: This study aimed to examine the resin polymerization of fiber post/core resin construction system
and the interface between resin and root canal sealers, which are important for root canal sealing. We used i-

TFC Luminus fiber post and i-TFC Luminus LC flow (i-TFC-L), GC fiber post and Unifil Core EM
(GCF),

and F {ber o)

ost and Build-It FR (FKP), a
osts

e construction systems, and Nishika Cangl Sealer C

§)0 ymerrzatron 0 ore resrn 51‘) an(ri) 553 aéi?lessi}(;n %etween the seafer and core resi]rj’l « 1%)

etaseal oft 19 Nishika anal Sealer EN (CS tsea ers. Thel ight tra%smls i0n o ﬁber
were evaluated. 1-TFC Lummus ﬁber post light transmission was 51gn1 1cantly higherthan that of other posts.
Without shielding, i-TFC-L showed a significantly greater amount of polymerized resin than other systems.
With shielding, although i-TFC-L showed a significantly greater amount of polymerized resin immediately
after light irradiation, polymerized resin was significantly greater in GCF and FKP after 10 min. All systems
adhered to CS-BG and META, but not to CS-EN. These results indicate that resin polymerization in the
cavity differ among fiber post/core resin construction systems, and that adhesion of resin and sealer

depends on the property of the sealer.

Keywords: Fiber post core construction system; Composite resin; Root canal sealer

1. Introduction

The sealing of endodontically treated teeth is affected by material properties of root
canal filling and fiber post/core resin construction system [1].

Endodontically treated teeth were commonly filled with gutta-percha and root canal
sealer. Traditionally, eugenol-based sealers with antibacterial and sterilizing properties
are used as major root canal sealers, but effective sealing ability in the root canal is not
guaranteed because of its poor dentin adhesion. In the 2000s, a resin-based sealer contain-
ing 4-methacryloxyethyl trimellitic anhydride (4-META) was introduced for root canal
wall adherence [2]. In recent years, bioceramics-based sealers with high biocompatibility
that bond to the root canal wall by inducing hydroxyapatite formation have emerged [3,-
5]. In modern root canal filling, resin-based and bioceramics-based sealers play an im-
portant role in root canal sealing through adhesion/bond to the root canal wall [6-9].

Fiber posts, instead of metal posts, are now used in the restoration with composite
resin because of their elastic moduli similar to dentin, resulting in a reduction in root frac-
tures [10-13]. For successful core construction using fiber posts, polymerization of the
composite resin in the deep areas of the root canal is important for successful core con-
struction using fiber posts. However, fiber post structure has been reported to affect the
polymerization of composite resin in deep areas of the root canal [14]. Furthermore, com-
plete polymerization of composite resin for construction does not occur in the deep areas
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of root canal [15-18], and the unpolymerized layer remains in the post cavity, even with
the use of dual-cure type composite resin for chemical polymerization [19, 20]. Recently,
a construction system combining a light cure composite resin and fiber post with high
translucency has been developed and clinically applied to increase resin polymerization
rate in deep areas of the root canal [21-25]. Root canal filling materials and core construc-
tion materials have improved the sealing effectiveness in each development process.

In clinical practice, the root canal sealer and core resin are used without considering
the difference in the properties of each material. In addition, the adhesion of fiber
post/core resin construction system or root canal sealer to dentin has been reported exten-
sively in previous research. However, there are few reports on the material interface be-
tween the composite resin used for construction and the sealer for the root canal filling,
which is an important factor in achieving a root canal monoblock and complete root canal
closure after core construction [26-30].

This study aimed to investigate the adhesion between core resin of the construction
system and the root canal sealer in the context of material-property differences between
the fiber post/core resin construction system and root canal sealer. This study was based
on two null hypotheses. The first null hypothesis was that core resin of each core construc-
tion system polymerizes completely immediately after light irradiation. The second null
hypothesis was that the core resin cannot adhere to each root canal sealer. We investigated
the light transmittance of fiber posts, the extent of polymerization of construction compo-
site resin, and the interface between the core resin and root canal filling sealer in the deep
areas of the root canal.

2. Materials and Methods

Three types of core construction systems (i-TFC Luminus fiber post and i-TFC Lumi-
nus Fiber LC Flow [i-TFC-L], Sun medical Corp., Japan; GC fiber post N and GC Unifil
Core EM [GCF], GC, Japan; and FiberKor post and Build-It FR [FKP], Pentron Corp., USA),
and three types of root canal sealers (Nishika Canal Sealer BG [CS-BG], Nishika, Japan;
Metaseal Soft [META], Sun medical Corp., Japan; and Nishika Canal Sealer EN [CS-EN],
Nishika, Japan) were investigated (Table 1).

2.1. Fiber Post Transparency

Each fiber post was cut into 18 mm pieces and irradiated using a light irradiator (Radii
Plus; SDI, Australia) directly on the non-tapered side with the silicone-shielding around the
edge. The amount of light transmission (units: counts, specific wavelength: 459.5 nm) at the
post apex through fiber post (n=5) was measured by a multi-channel spectroscope (FLAME-
S-XR1-ES; OptoSirius, Japan) (Figure 1).

Silicone-Shielding

Fiber Post

Fiber Plobe Light Irradiator
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Multi-channel Spectroscope

Figure 1. Schema of Fiber Post Transmission Test

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

69

70
71
72
73
74
75
76
77
78
79
80
81
82

83
84

85



Materials 2021, 14, x FOR PEER REVIEW

3 of 11

Table 1. Investigated materials. Bis-MPEPP:2,2-Bis[4Bis-MPEPP:2,2-Bis[4-(methacryloxyethoxy)phenyl]propane,
4-META: 4-methacryloyloxy trimellitate anhydride, Bis-GMA: bisphenol A-glycidyl dimethacrylate, UDMA: ure-
thane dimethacrylate , 4-MET: 4-[2-(methacryloyloxy)ethoxycarbonyl]phthalic acid, HDDMA: 1,6-hexanediol
dimethacrylate, HEMA: hydroxyethyl methacrylate, MDP:10-methacryloyloxydecyl dihydrogen phosphate

91 Manufactur
o Shape Component Lot Code
i-TFC Luminus fiber ¢ 1.0 mm / Borosilicate glass, Barium oxide, TW12
tapered Dimethacrylate and diacrylate
copolymer
i-TFC Luminus Core Sun medical Bis-MPEPP, Barium Silica Glass, RW4 TFC -L
LC flow Corp., Japan Aromatic diol methacrylate
i-TEC Luminus Bond: 4-META, Acetone, Water RW13
bond Catalyst: Aromatic amine,
Aromatic sulfinate
GC fiber post N @ 1.0 mm / Slicate glass, Copolymer of 2001291
tapered methacryliate and Bis-GMA
GC Unifil core EM GC Corp., Fluoro-aluminosilicate glass, 1809041 CCF
Japan UDMA
Self etching bond 4-MET, methacrlate, ethanol, 1809041
A&B water
FibreKor post @ 1.0 mm / Glass fiber, filler, Bis-GMA, 7537776
straight HDDMA, UDMA
Bis-GMA, UDMA, HDDMA, 7558119
BuilduifTM FR Pentron barium borosilicate, Silica, Silane, FKP
Corp., USA Camphor  quinone, Benzoyl
peroxide
E-Lize dentin bond HEMA, Bis-GMA, MDP, Silica, 190031
I ethanol
Canal sealer BG Nishika, Bioactive glass, Fatty acid, K36 CSBG
Japan Bismuth subcarbonate, others
Metaseal soft Powder:radiopaque filler, organic Powder:R
filler,  hydrophilic = chemical M1
Sun medical initiator Liquid:SX
Corp., Japan Liquid:4-META, HEMA, di- 1 META
methacrylates, water, photo-
initiator
Canal sealer E-N Nishika, Eugenol, Rosin, Zinc oxide, K2F
CS-EN

Japan

Bismuth subcarbonate, others

86
87
88
89
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2.2. Determination of degree of polymerization 92
The polymerization of core resin in the root canal was determined by the weight 93
change (%) before and after light irradiation. Regarding polymerization activation, the i- 94
TEC-L core construction system involves photopolymerization while the other two systems 95
have a dual-cure mode. 96

A Teflon block with a semi-cylindrical cavity (diameter: 3 mm; depth: 15 mm) was 97
made as a root canal post cavity model (Figure 2a). After filling the cavity with core resin,a 98
fiber post of the same manufacturer was inserted, and light was irradiated from the crown 99
side. The light irradiation for 30 s was carried out with or without shielding around fiber =~ 100
post at the entrance of the cavity. After 0, 5, and 10 min at 37°C and 100% humidity, each ~ 101

specimen was isolated from the model, then immersed into acetone to remove unpolymer- 102
ized resin, washed and dried for 24 h. The weight of each specimen was measured usingan 103
electronic analytical balance (AUW220; Shimadzu, Japan) (Figure 2 b). 104
Weight change was calculated according to the following formula: 105
106
Weight change (%) = ( D-B )/(C-A-B )x100(%), 1)
A: overall mold weight with or without the use of shielding; B: fiber post weight; C: total =~ 107
weight after light irradiation; and D: specimen weight. 108
Fiber Post (B)
Core Resin
L | - - -
Root Canal Post Filling CoreResin  Inserting Fiber Post
Cavity Model (A)
) With or Without
1305 Shiclding
i q Immersed into
Acetone to
Storage Time remove
! - - LE unpolymerized
unit : mm 0, 5, 10 min resin and
washed and
dried for24 h
Light (Cross-section Isolating (D)
Irradiation (C) view) from Model
(a) (b)
109
Figure 2. (a) The mold of the root canal cavity model. (b) Method of sample preparation. 110
VIR -
M
' R ‘
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Y I | =Polymerization Depth
i B
= 1 Fal
i 4 | o J , b
i 111
Figure 3. Polymerization Depth 112
113

Polymerization depth was evaluated by measuring the length from the coronalend 114
of the fiber post to the most apical point of the fiber post covered with hardened resin. A 115
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photograph and the measurement of the depth of polymerized resin are shown in Figure 3. 116
Thirty samples were measured in these experiments (each group had 5 samples). 117
118

2.3. Interface of Core Resin and Root Canal Sealer 119

To analyze the interface of core resin and root canal sealer at the deep area of the root 120
canal cavity, shear bond test and microscopic analysis after the test were carried out. Figure =~ 121
4 shows the schema of the experiment. The root canal sealer was hardened in the disk- 122
shaped mold fabricated by acrylic resin (diameter: 10 mm, height: 2 mm). After one day,an 123
artificial light blocking root canal cavity model fabricated by Teflon tube (inner diameter: 4 124
mm; height: 15 mm) was placed on the hardened root canal sealer, and filled with core resin. 125
After injection of core resin in the tube, a silicone cover was used to block the light. A fiber =~ 126
post by the same manufacturer was inserted into the cavity and irradiated for 30 s, and 127
stored for 1 week. The shear bond strength was measured at a crosshead speed of 1.0 128
mm/min using a universal testing machine (AGS-H; Shimadzu, Japan). The prepared 129
specimen is mounted along horizontal axis and adding shear strength along vertical axis 130

with 1.0 mm cross head speed [31]. 131
132
Light
Irradiate
30s
[
Fiber Post - N Crosshead
Speed
. . T 1.0 mm/min
Composite Resin 15.0
Endodontic Sealer ~—T=__‘___j:‘ ‘ _IJZ.O .
Resin Plate —— )
4.0
-l 100
unit : mm 133
134
Figure 4. The schema of experiment sample. 135
136
After the shear bond test, specimens were embedded with acrylic resin and cut verti- 137
cally. The cut surface was polished to #8000 and observed under a scanning electron micro- 138
scope (SEM) (JCM-7000; JEOL, Japan). 139
140
2.4. Statistical Analysis 141
Results of fiber post transparency, core resin weight change, and shear bond test were =~ 142
analyzed using one-way analysis of variance (ANOVA) and Tukey’s test (P<0.05). 143
3. Results 144
3.1. Light Transmittance of Fiber Posts 145
Table 2 shows each fiber post transparency. The i-TFC Luminus fiber showed sig- 146
nificantly higher transparency values than the GC fiber post N and Fibrekor post. The 147
Fibrekor post had a significantly lower transparency value than the other posts. 148
149
Table 2. Light Transmittance Test 150
Fiber Post i-TFC-L GCF FKP
Counts 5195 + 6392 2564 + 667° 381 +11¢
Different superscript letters indicate statistical differences in row (n=5, p<0.05) 151

152
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3.2. Core Resin Weight Change 153

Table 3 shows the weight change of core resin before and after light irradiation. When = 154
the upper part of the root canal was unshielded from light irradiation, the weight change 155
for i-TFC-L (0 min: 97.5+0.1%, 5 min: 96.5+0.4%, 10 min: 96.6+0.2%) was significantly = 156
higher than those of others. Regardless of the time after the light irradiation, the polymer- 157
ization depth was 18.0 mm, which reached to the bottom of the cavity. GCF (0 min: 158
88.6+2.0%, 5 min: 91.3+2.4%) showed a significantly higher weight change than FKP (0 159
min: 44.7+2.0%, 5 min: 90.1+2.1%) at storage times of 0 and 5 min. At 0 min, the polymer- 160
ization depth was 18.0 mm for GCF and 10.3£0.4 mm for FKP. At 10 min, the weight 161
change of FKP (96.6+1.4%) was significantly higher than that of GCF (92.6+2.3%), and 162
there was no significant difference between FKP and i-TFC-L. After 5 min, the polymeri- 163
zation depth was 18.0 mm for both GCF and FKP. 164

When the upper part of the root canal was shielded from light, the weight change of =~ 165
i-TFC-L at 0 min was the highest (66.9+4.7%), followed by GCF (41.5+4.5%) and FKP 166
(0.1£0.1%). There was a significant difference among systems. The polymerization depth 167
was 18.0 mm, 11.3+0.8 mm, and 0 mm for i-TFC-L, GCF, and FKP, respectively. i-TFC-L 168
showed the same weight change regardless of time after the irradiation (0 min: 66.944.7%, 169
5 min: 72.7+2.7%, 10 min: 72.2+3.0%). At 10 min after the irradiation, GCF (82.9+1.4%)and 170
FKP (93.3+1.4%) showed significantly higher values than i-TFC-L (72.2+3.0%) and FKP 171
showed more than 93%, regardless of shielding (96.6+1.4% without shielding, 93.3+1.4% 172

with shielding). 173
Table 3. Weight change. 174
Without shielding
Storage time i-TFC-L GCF FKP

0 min 97.5+0.1 42 88.6+2.0 Ba 44.742.0 ¢

5 min 96.5+0.4 42 91.3+2.4 Bab 90.1£2.1

10 min 96.6+0.2 A2 92.6+2.3 B 96.6+1.4 Ac

With shielding
Storage time i-TFC-L GCF FKP

0 min 66.9+4.7 Aa 41.5+4.58a 0.1+0.1 <

5 min 72.7+2.7 Aa 76.4+4.1 A0 91.3+2.0 B

10 min 72.243.0 A 82.9+1.4 Be 93.3£1.4
Same superscript capital letters indicate no significant differences (rows) for storage time. Same 175
superscript lower-case letters indicate no significant differences between each post materials (col- 176
umns). (n=5, p<0.05). 177

At 5 and 10 min after the irradiation, the polymerization depth was 18.0 mm for all 178

systems. 179
180
3.3. Interface of the Core Resin and Root Canal Sealer 181

Table 4 shows the results of the shear bond test. CS-BG and META adhered to all 182
composite resins. The interface of core resin and CS-BG showed material fractures (n=9) 183
and interfacial fractures between the bonding material and CS-BG (n=1). The interface of = 184
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core resin and META showed material fractures occurred in all samples. On the other = 185

hand, no adhesion was observed in the interface of core resin and CS-EN. 186
187
Table 4. This table shows shear bond strength between core resin and root canal sealer. 188
Core resin Sealer MPa (Ave) SD
CS-BG 0.22° 0.05
i-TFC-L META 4.66° 1.11
CS-EN 0 0
CS-BG 0.21° 0.04
GCF META 42 0.99
CS-EN 0 0
CS-BG 0.2v 0.06
FKP META 4.412 1.06
CS-EN 0 0
Different superscript letters indicate statistical differences in vertical column (n=10, 189
p<0.05) 190
191
Figure 5 shows representative results of the interface microstructure, showing 192
adhesion of CS-BG and META to core resin via bonding layer. 193
1"TFC-L GCF FKP

CS-BG
META
— 100pum
Figure 5. SEM micrographs of the surfaces of boned interface between core resin and root canal 194
sealer (200x). Adhesive surface is observed in CS-BG group and META group regardless of type of 195
core resin. 196
4. Discussion 197

In a core construction system using a fiber post and core resin, the core resin contacts 198
the root canal filling material in the deep area of the root canal. Recently, single-point root 199
canal obturation using a resin-based or bioceramics-based root canal sealer has received 200
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acceptance [6-9]. In this obturation, main material in the root canal is root canal sealer, so 201

the core resin mainly contacts to the root canal sealer. In the present study, the light trans- 202
mittance of fiber posts, the polymerization of core resin, and the interface state between 203
the core resin and root canal sealer, were analyzed to clarify the effects of material prop- 204

erties of the fiber post/core resin construction system and root canal sealer on the material =~ 205
interface in the deep areas of root canal, using three types of core construction systems 206
with different fiber post structures and composite resin polymerization modes, and three =~ 207

types of root canal sealers with different compositions. A Teflon block with a semi-cylin- 208
drical cavity (diameter: 3 mm; depth: 15 mm) was fabricated and used as a root canal post 209
cavity model in this study. Although various molds were used in the preliminary experi- 210
ments, a Teflon block with a semi-cylindrical cavity was the easiest to separate from the =~ 211
hardened resin in the mold without breaking the sample. 212

First, the light transmittance of the fiber post and core resin polymerization of each ~ 213
system were examined. The examination of light transmittance showed that the transpar- 214
ency value of i-TFC-Luminus fiber was the highest and of FibreKor post was the lowest. 215
For the examination of core resin polymerization, light irradiation was carried out withor 216
without the shielding around fiber post at the entrance of the cavity to avoid direct irra- 217

diation of the resin. In this study, the degree of conversion (DC) in core resin after the 218
irradiation was not measured to analyze the amount of polymerized resin. It is known 219
that measuring device such as FT-IR can evaluate DC, but it measures only the outermost 220

surface, not total amount. Therefore, hardened resin that remained after acetone immer- 221
sion to remove uncured resin was considered as polymerized resin, and weight change 222
(%) before and after acetone immersion was used to estimate core resin polymerization. ~ 223

Polymerization of the light-cure type composite resin of i-TFC-L was different in the pres- 224
ence or absence of shielding, whereas polymerization of both dual-cure type composite =~ 225
resins increased, regardless of shielding, in a time-dependent manner. 226

Without shielding, core resin polymerization of i-TFC-L was greater than the other 227
systems for all periods. The fiber post of i-TFC-L consists of the optical fiber in the center =~ 228
and the glass fiber that covers the optical fiber. In this fiber post, irradiated light is scat- 229
tered laterally via the glass fiber. The highest core resin polymerization without shielding 230
may be the result of photopolymerization of the light-cure type composite resin, directly =~ 231
and indirectly via the light-transmitting fiber post. 232

With shielding, core resin polymerization of i-TFC-L was highest immediately after = 233
light irradiation, but after the irradiation, the resin polymerization of i-TFC-L did not in- 234
crease. It was found that 10 min after the light irradiation, polymerization of both GCF 235
and FKP was higher than that of i-TFC-L. Difference in the progress of core resin polymer- 236
ization may have resulted from material-property differences of both fiber posts and core ~ 237
resin polymerization, among the three systems. With shielding, the light scattered via the =~ 238
glass fiber of the i-TFC-L fiber post may accelerate photopolymerization of the light-cured 239
composite resin only during irradiation, after which the polymerization stops. On the = 240
other hand, chemical polymerization of both GCF and FKP may proceed after the irradi- 241
ation. Interestingly, GCF showed higher polymerization than FKP immediately after the = 242
irradiation; however, 10 min after the irradiation, the polymerization of FKP was greater =~ 243
than GCF. The light transmission of the Build-it FR fiber post was very low, and photo- 244
polymerization was not accelerated with shielding. Chemical polymerization of FKP core =~ 245
resin may proceed even after irradiation. Fiber post of GCF has the light transmission, but 246
it was less than half of i-TFC-L. According to previous studies, complete polymerization = 247
of the composite resin used for construction does not occur in the deep areas of the root 248
canal. Further, these studies indicate that insufficient light irradiance for the polymeriza- 249
tion of the dual-cure type composite resin prevents sufficient curing reaction, reduces vis- 250
cosity, and hinders radical transfer, ultimately preventing chemical polymerization and 251
resulting in an unpolymerized layer [15-18, 32]. The present results are consistent with 252
previous reports, and may indicate that the insufficient light passing through the GCF 253
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fiber post can interfere with chemical polymerization of the core resin in the deep areas of =~ 254

the canal cavity model. 255

Results on polymerization depth show that the extent of core resin polymerization 256
finally reached the bottom of the post cavity in all fiber post/core resin construction sys- 257
tems, but the time taken for this was different between i-TFC-L and the other materials. 258

There was polymerization of the i-TFC-L core resin to the bottom of the post-cavity 0 min 259
after light irradiation, whereas other materials needed 5 min or more, suggesting thata 260
sufficient storage time is necessary after light irradiation when fiber post core construction =~ 261

systems include dual-cure type composite resin. Based on our results, the first null hy- 262
pothesis that core resin of each core construction system completely polymerizes imme- 263
diately after light irradiation, was rejected. 264

Next, the interface of core resin and root canal sealer was analyzed. In this study, 265

three root canal sealers were used. CS-BG is bioceramics-based, META is resin-based, and 266
CS-EN is eugenol-based sealers. The shear bond test between the core resin and root canal 267
sealers showed values of 0.2-0.22 MPa and 4-4.66 MPa for CS-BG and META, respectively. 268
CS-EN did not adhere to any of the core resins. Regarding CS-EN, eugenol remained on 269
the surface of the cured product, which inhibited the polymerization of the composite =~ 270
resin and prevented adherence [33]. Furthermore, SEM observation of the material inter- 271
face for CS5-BG and META revealed adhesion via a bonding layer with all composite resins. 272
Calcium ions of CS-BG and the acidic monomer of the bonding agent may have bonded 273
via a chemical reaction, and resins may have bonded to each other for META. Therefore, 274
the second null hypothesis that core resin cannot adhere to each root canal sealer was 275
rejected. Recently, it was reported that the interface between composite resin and calcium 276
silicate-based cements showed enough shear bond strength at several restoration timing, =~ 277
suggesting that calcium silicate-based cements may allow restorative procedures with 278
both immediate and delayed timing [34]. Results of the present study using CS-BG are 279
consistent with the result of immediate polymerization, as seen in this study. We arenow 280

trying to clarify the shear bond strength of the interface between core resin and bioceram- 281
ics-based sealers during several time frames, including delayed timing. 282

Overall, the present study indicates that the core resin polymerization of fiber = 283
post/resin core construction system in the root canal cavity is affected by the light trans- 284

mittance of the fiber post and the polymerization type of core resin, suggesting that itis = 285
necessary to consider the properties of each material when fiber post core construction 286
system is clinically used. Furthermore, regardless of resin polymerization type, core resin 287

of all fiber post core construction systems adhered to the bioceramics-based and resin- 288
based canal sealers, but not eugenol-based sealer, suggesting that the combination of root 289
canal sealer and fiber post/core resin construction system is important to obtain the adhe- 290

sion at the interface of materials, and that the use of bioceramics-based or resin-based 291
canal sealer may be essential for the establishment of the root canal sealing. A limitation =~ 292
of this study is that the experiments were conducted in vitro and not on human teeth. Our 293
future work will involve investigation of similar events in extracted human teeth and in =~ 294
vivo. 295

5. Conclusions 296

Within the limitations of this study, core resin polymerization in the root canal cavity =~ 297
differs among fiber post/core resin construction systems. In addition, adhesion of core =~ 298

resin and root canal sealer depends on the properties of the sealer. The use of bioceramics- 299
based or resin-based root canal sealers that adhere to core resin is essential for root canal 300
sealing after core construction. 301
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