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Comparison of Shear Bond Strength of Different Restorative Materials to
Tricalcium Silicate-Based Pulp Capping Materials
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Department of Pedlatric Dentistry, School of Dentistry, Chosun University

— Abstract

The aim of this study was to evaluate the shear bond strength (SBS) of three typical restorative materials - glass
ionomer cement (GIC), resin-modified glass ionomer (RMGIC) and composite resin (CR) - to different pulp capping
materials, i.e.,, Theracal LC™ (TLC), Biodentine™ (BD), and ProRoot™ white MTA (WMTA).

90 acrylic blocks with a center hole were prepared. The holes were completely filled with three pulp capping materials
(TLC, BD, and WMTA), with 30 specimens per capping material. The samples were then randomly divided into 3
subgroups of 10 specimens each and were overlaid with GIC, RMGIC, or CR. A total 9 specimen groups were prepared.
The SBS was assessed using a universal testing machine. Kruskal-Wallis test and Mann-Whitney's test were performed
to compare the SBS among the subgroups (p < 0.05). After the SBS test, the fractured surfaces were examined under a
stereomicroscope at a magnification of 25x.

The highest and lowest SBS values were recorded for TLC-CR and TLC-GIC, respectively. With regard to the SBS to the
three pulp capping materials, CR was found to be superior to RMGIC and GIC. BD showed a higher SBS compared to
TLC and WMTA when used with GIC.

Key words : Pulp capping materials, Biodentine™, Theracal LC™, Mineral trioxide aggregate, Shear bond strength,
Failure modes
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Table 1. Pulp capping materials used in this study
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Material Manufacturer

Composition

ProRoot™ white MTA Dentsply Tulsa Dental, USA

Theracal LC™ Bisco Inc, USA

Liquid

Biodentine™ Septodont, France

Powder

Tricalcium silicate, bismuth oxide, dicalcium silicate, tricalcium aluminate,
calcium sulfate dehydrate or gypsum

Tricalcium silicate, dicalcium silicate, calcium oxide, BL,O,, fumed silica, resin

Calcium chloride, water-reducing agent

Tricalcium silicate, dicalcium silicate, calcium carbonate,
calcium oxide, zirconium oxide




J Korean Acad Pediatr Dent 44(2) 2017

Table 2. Restorative materials used in this study

Material Manufacturer Composition
Scotchbond™ Etchant 3M ESPE™, USA 35% H,PO,
Adper™ Single Bond 2 3M ESPE™, USA Bis-GMA, HEMA, silica nandfiller, ethanol, water
Filtek™ 7250 3M ESPE™, USA Bis-GMA, UDMA, bis-EMA, zirconia/silica filler
Dentin conditioner GC Corp, Japan 10% polyacrylic acid
. Liquid Polyacrylic acid, HEMA, dimethacrylate, camphoroquinone, water
Fuji T LC™ GC Corp, Japan
Powder Fluoro-alumino-silicate glass
Liquid Water, copolymer of acrylic acid-maleic acid, tartaric acid
Ketac™ Molar 3M ESPE™, USA Oxide glass chemicals (non-fibrous), copolymer of acrylic acid-
Powder R . . . L
maleic acid, dichlorodimethylsilane reaction product with silica
2. 71 ditH o| 59 *o 2 EF3ICUC}(Table 3, Fig. 1).
2 A00| 2 A|HEQI Ketac™ Molar(GIC)7} £ 2
1) Al A2 MEHE 1, 4, 722 XSS G40l ®Z=AF XA|0f a2} 202
=20 24 5mm, 20| 2mm2| 50| FAME XA 10mm, Zt dentine conditioner2 X X|St & £=M|3}12, Ketac™ MolarE

Table 3. Experimental group

>
=0| 15mm2| O3 & Xl 22 90745 X ZtSHRALE 0] = 307Y
9| £& 2= Theracal LCM(TLC)E {2 F| LED light cure unit
(VALO LED, Ultradent, South Jordan, USA)E 0|38 1200mW/
cm’Z2 20%7H FFeoIRICE £ CHE 30742 £ ofF0& K|
ZAO| X|AlOf [}2} =3tSt Biodentine™(BD)S A2 158 &
oF ZAIZICE LHHX] 3074e] 25 2kS0ll= FMZAS| X|A0]
et =3k ProRoot™ White MTAWMTA)E K2 5, 2%
H=Z M 37°C, 100% S =0 M 72A17F SO AStA|ZACE O
210 LEM Ch21F 20| ==of m2h 2592 10744 & 971

Group Materials \
Pulp capping material ~ Restorative material
1 Ketac™ Molar 10
2 Theracal LC™ Fuji I LC™ 10
3 Filtek™ 7250 10
4 Ketac™ Molar 10
5 Biodentine™ Fuji T LC™ 10
6 Filtek™ Z250 10
7 Ketac™ Molar 10
8 ProRoot™ WMTA Fuji I LC™ 10
9 Filtek™ Z250 10
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Pulp capping materials

Theracal ™ (N=30)

o

’ Restorative materials

- Conventional GIC (N=10)
- Resin-modified GIC (N=10)
___- Composite resin (N=10)

Biodentine™ (N=30)

a0

’ ProRoot ™ white MTA (N=30) ‘

-

Fig. 1. Schematic illustration of the preparation of the samples.

Loading force MotAGZ e A 2, OIEE #HE x25 Hj29| stereo-
l microscope (Olympus SZ61°, Japan)2 0|83 IIEE HHES

C21t Z0[ 2 F3tULt.

Capping material (3)

SHH 24

Restorative material ZAFEl XFRE SPSS(version 18.0.0, SPSS, Chicago I)E 0|8

Acrylic block stof 24 9 SANE| ALl R +F2 0052 LA

Ch 2t 227t MotAst 4 = & H|1st7| /8| Kruskal-Wallis testE

Fig. 2. Schematic illustration of the shear bond strength 0| 83tRA 20, Mann-Whitney test2 AIZHYS A[ASHALE =
test set-up. o IpEQAO| H{ W E 2|8} Fisher's exact testE A& S LCT.
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Table 4. Mean shear bond strength (MPa) of the studied samples

27t RMGICO! A, TLCQIO| MEtABIZA T 7} 2 K|42
Aol Hish St =2 AU ERX2H, TLC, BD, WMTA &=
o2 90|8t Xt0|2 LIEIC}. £E2X7F CRY M= TLCOtO| M
CHAYZZTL ROI8HA =& gte 220, BD2 WMTA 7Hof|
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Fig. 3. Comparisons of shear bond strength of the studied
samples according to pulp capping materials.

* . statistically difference by Mann-Whitney Test (p < 0.05)
TLC: Theracal LC™, BD: Biodentine™, WMTA: ProRoot™
white MTA, GIC: Ketac™ Molar, RMGIC: Fuji II LC™, CR:
Filtek™ Z250.

Group N Mean SBS (MPa) Maximum SBS (MPa) Minimum SBS (MPa)

1 TLC - GIC 10 1.11+0.79 28 0.59%4
2 TLC - RMGIC 10 9.81+4.04 16.83 3.787
3 TLC - CR 10 17.4442.95 23.97 13.99
4 BD - GIC 10 2.70+0.96 4155 1408
5 BD - RMGIC 10 3.82+0.68 5.01 3.014
6 BD - CR 10 5.59+1.23 7.995 4.002
7 WMTA - GIC 10 1.29+0.35 1.676 0.85

8 WMTA - RMGIC 10 194+1.19 3.649 0.785
9 WMTA - CR 10 5.58+124 7.657 3.969

SBS: Shear bond strength, TLC: Theracal LC™, BD: Biodentine™, WMTA: ProRoot™ white MTA, GIC: Ketac™ Molar, RMGIC: Fuji II LC™, CR: Filtek™ Z250.
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Table 5. Comparisons of shear bond strength (meantstandard deviation) of the studied samples according to restorative materials

Restorative Cappig materials
materials TLC (MPa) BD (MPa) WMTA (MPa) p value p value® p value® p value
GIC 111+0.79 2.70£0.96 1.29+0.35 0.001 0.008” 0.1206 0.003”
RMGIC 9.81+4.04 3.82+0.68 1944119 0.000 0.003" 0.001" 0.015"
CR 17.44+2.95 5.59+1.23 5.58+1.24 0.000° 0.001" 0.001" 0.970
p value = Kruskall-Wallis Test (* : p < 0.05)
p value = Mann-Whitney Test (** : p < 0.017)
a : p value of TLC vs BD, b : p value of TLC vs WMTA, c : p value of BD vs WMTA
TLC: Theracal LC™, BD: Biodentine™, WMTA: ProRoot™ white MTA, GI: Ketac™ Molar, RMGL: Fuji II LC™, CR: Filtek™ Z250.
Table 6. Distribution of failure mode between restorative materials and capping materials
Restorative Capping Failure mode No. ol
material material Adhesive Cohesive Mixed
TLC 7 0 3 10
GIC BD 6 0 4 10 0.000
WMTA 0 6 4 10
TLC 7 0 3 10
RMGIC BD 0 0 10 10 0.002
WMTA 2 0 8 10
TLC 6 1 3 10
CR BD 2 2 6 10 0.000
WMTA 0 9 1 10
Fisher's extract test (* : p < 0.05)
TLC: Theracal LC™, BD: Biodentine™, WMTA: ProRoot™ white MTA, GIC: Ketac™ Molar, RMGIC: Fuji I LC™, CR: Filtek™ Z250.
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