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Acoustic emission analysis and bond strength at the FRC post—tooth
interface with self—adhesive resin cement

Nak-Yeon Cho’, In-Bog Lee”’

'Department of Conservative Dentistry, Seoul National University Gwanak Dental Hospital,
Seoul, Republic of Korea
“Department of Conservative Dentistry, School of Dentistry and Dental Research Institute,
Seoul National University, Seoul, Republic of Korea

This study analyzed the acoustic emission (AE) characteristics of interfacial debonding between the fiber-reinforced composite (FRC)
post and tooth during bonding with a self-adhesive resin cement under different bonding modes, and evaluated the push-out bond
strength and debonding patterns, Twenty-four extracted human single-rooted teeth were root canal-filled, post spaces were prepared.
The specimens were then divided into three groups (n=8). (1) Group 1: Only RelyX Universal Resin Cement was applied, (2) Group
2 After applying Scotchbond Universal Plus Adhesive, RelyX Universal Resin Cement was applied, (3) Group 3: After acid etching,
Scotchbond Universal Plus Adhesive was applied, followed by RelyX Universal Resin Cement, RelyX Fiber Post was inserted and light-cured,
and AE signals were detected for 2000 s, The push-out bond strength test was performed and the debonding modes were examined
using a digital camera, The mean number of acoustic emission events and push-out bond strength showed no statistically significant
differences among the groups (p>0.05). The acoustic emission events were concentrated within the first 400 to 500 s following the
initiation of light curing, In all groups, adhesive failure between the post and the resin cement, as well as mixed-type failures, were
observed, In conclusion, when cementing RelyX Fiber Post to tooth structure, the use of RelyX Universal Resin Cement alone, as
a self-adhesive resin cement, or in combination with either phosphoric acid etching or pretreatment with Scotchbond Universal Plus

Adhesive, can be considered clinically viable options,
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Table 1. Materials used in the study

Material

i
(Lot number) Composition

Manufacturer

RelyX Universal Resin
Cement
(10130767)

Catalyst Paste: Ytterbium fluoride, Urethane dimethacrylate
(UDMA), Silane treated glass powder, Triethyleneglycol
dimethacrylate (TEGDMA), Silane treated silica, Initiator, pigments
e.g., Titanium dioxide, Methacrylate (HEMA),

Base Paste: Triethyleneglycol dimethacrylate (TEGDMA), Silane
treated silica, Urethane dimethacrylate (UDMA), Hydroperoxide

MDP Phosphate Monomer, HEMA, Ethanol/water, 3M™
vitrebond™ Copolymer, Filler, Camphorguinone-based
photoinitiators, Amino-functional silane, Dual-cure accelerator,
Dimethacrylate resins containing a BPA free, radiopaque
monomer

3M Deutschland GmbH,
Neuss, Germany

Scotchbond Universal
Plus Adhesive
(10099599)

3M Deutschland GmbH

RelyX Fiber Post
(618452311)

Composite resin matrix, glass fiber 3M Deutschland GmbH

Scotchbond Universal
Etchant
(11161125)

32% phosphoric acid by weight 3M Deutschland GmbH
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Figure 1, Schematic diagram of AE testing instrument, Polymerization shrinkage stress during light-curing of resin cement can cause
debonding at the bonding interface between FRC post and dentin, which generates acoustic emission.
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Table 2. Group classification based on cementation
methods (n=8)

Cementation method

RelyX Universal Resin Cement

Group 1 (Self-adhesive resin cement only)
Scotchbond Universal Plus Adhesive
Group 2  (Self-Etch mode)
+ RelyX Universal Resin Cement
Etch + Scotchbond Universal Plus
Group 3  Adhesive (Etch & Rinse mode)

+ RelyX Universal Resin Cement

HE

Group 1: A7} 2+ Eﬂ{ Bkl
Cement?t 2§ & ZXE 43¢

Group 2: Scotchbond Universal Plus Adhesive 202 =X
(Self-Etch mode) & 5% &9 AZAIZI TR RelyX

RelyX Universal Resin

ho?

Universal Resin Cement -8 & ¥X2E AM¢]
Group 3: Etchant=2 AHf-2] 15% $ =41 20%, Scotchbond

Universal Plus Adhesive 20% =3 (Etch & Rinse mode)
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Figure 2, A representative AE signal,
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Figure 3. Total AE events and amplitude distribution for 2000 s,

Table 3, Mean number of AE events (SD) for each group
(n=8)

Cementation method Mean number of AE events

Group 1 9.13 (10,957
Group 2 7.25 (4747
Group 3 10,13 (11.73¢

Values with the same superscript letter in the column are not
significantly different (p>0.05),
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Figure 4, Total cumulative AE events as a function of time,
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Table 4, Push-out strength (MPa) for each group with different positions (n=8)

Position Group 1 Group 2 Group 3

Coronal 1456 (4,73)p 13,95 (3.76) 1525 (6,182
Middle 18,42 (2.57)ab 16,24 (5.07)ab 14,82 (5.82)a
Apical 20,27 (5.50) 20,38 (5.57) 1527 (5.45)2
Mean 17.75 (4.89A 16.85 (5.38)A 15,11 (5,57)A

Different lowercase letters within the same column indicate significant differences between regions within each method (p<0,05),
Same uppercase letters within the same row indicate no significant difference among cementation methods (p>0.05).

Table 5. Number (%) of debonding mode after push-out test for each group with different positions

Cementation method Position Debonding mode
Adhesive failure Adhesive failure Cohesive failure of
between dentin between post and . . Mixed type
and luting material luting material luting materials
Coronal 0 0 4 (50)
Group 1 Middle 0 0 7 (87.5)
Apical 0 0 6 (75)
Coronal 0 0 2 (25)
Group 2 Middle 0 0 5 (62.5)
Apical 0 0 3 (37.9)
Coronal 0 0 2 (25)
Group 3 Middlle 0 0 3 (375)
Apical 0 0 5 (37.9)

Figure 5. Images of debonding modes after push-out test at x 180 magnification, (A) and (B) adhesive failure between post
and luting material, (C) and (D) mixed type failure at the middle level (black arrows: resin cement, d; dentin, p: post).
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