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Fig. 1. Schematic illustration of sample preparation and shear bond
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Abstract

Comparison of Shear Bond Strength of
Different Restorative Materials to

Tricalcium Silicate-Based Pulp Capping Materials

Jeong Hwa-Kyong, D.D.S
Advisor : Prof. Lee Nan-Young, D.D.S., Ph.D.

Department of Dentistry

Graduate School of Chosun University

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

90 acrylic blocks with a center hole were prepared. The holes were
completely filled with three pulp capping materials (Theracal LCTM,
BiodentineTM, 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 shear bond strength was assessed using a
universal testing machine. Kruskal-Wallis test and Mann-Whitney U test

were performed to compare the shear bond strength among the subgroups
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(p < 0.05). After the shear bond strength test, the fractured surfaces were
examined under a stereomicroscope at a magnification of 25x.

The highest and lowest shear bond strength values were recorded for
Theracal LC"™-CR and Theracal LC"-GIC, respectively and only Theracal
LC™-CR showed clinically acceptable shear bond strength. With regard to
the shear bond strength to the three pulp capping materials, CR was
found to be superior to RMGIC and GIC. Biodentine™ showed a higher
shear bond strength compared to Theracal LCY™ and WMTA when used
with GIC. Therefore, within the limitations of this study, composite resin
which can be applied to all types of tricalcium silicate based pulp capping

materials is recommended.
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Table 1. Pulp capping materials used in this study

Material Manufacturer Composition
MTA
ProRoot™ Dentsply Tulsa Tricalcium silicate, bismuth oxide, dicalcium

white MTA Dental, USA silicate, tricalcium aluminate, calcium sulfate
dehydrate or gypsum

Tricalcium silicate—based materials

Theracal LC™  Bisco Ine, USA Tr}calc1um silicate, d1§§1101um §1hcate, calcium
oxide, BIO3, fumed silica, resin

(Liquid) Calcium chloride, water-reducing
agent

Biodentine™ Septodont, France  (Powder) Tricalcium silicate, dicalcium
silicate, calcium carbonate, calcium oxide,
zirconium oxide
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Table 2. Restorative materials used

in this study

Material Manufacturer

Silorane—-based composite resin

Filtek™ 7250 3M ESPE™ USA

Composition

Bis—-GMA, UDMA, bis-EMA,
zirconia/silica filler

(Glass ionomer cement

Fuji 11 LC™ GC Corp, Japan

(Liquid) Polyacrylic acid, HEMA,
dimethacrylate, camphoroquinone, water
(Powder) Fluoro—alumino-silicate glass

3M ESPE™ USA

(Liquid) Water, copolymer of acrylic
acid—-maleic acid, tartaric acid
(Powder) Oxide glass chemicals

Ketac™ Molar . .
(non—fibrous), copolymer of acrylic
acid-maleic acid, dichlorodimethylsilane
reaction product with silica

2. A7 Wy

D) AA Az

Fdol A7 5mm, Z4°] 2mmel ¢tF°] FA4E A4 10mm, ¥°] 15mmel o=
g g 22 A AFsch o] F 30708 22 2% o] Theracal LC™(TLC)
2 A¥ 5 LED light cure unit (VALO LED, Ultradent, South Jordan, USA)S

o] -&& 1200mW/em’® 20%3t FZ Ak & o2 3049 BE SFe Az
Abe] A Aol wel £33 Biodentine(BD)-2 A|$-31 158 59t A3zt 1A
3049 BE  gFdE AxAte AAd we £33 ProRoot” White
MTA(WMTA)E A& 5, &3 7125 4R/ 37T, 100% F=olA 72A3F &<t
BAstAl AT el WA g3 Zo] iAol wed AR 10708 F 9 Lo

2 BEFst9tH(Table 3, Fig. 1).
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Table 3. Classification of groups according to pulp capping and restorative

materials
Group Materials Number
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 I LC™ 10
6 Filtek™ 7250 10
7 Ketac™ Molar 10
8 ProRoot™ WMTA Fuji I LC™ 10
9 Filtek™ 7250 10

Loading force

Acrylic block
......... -
NN AN
i
10mm Smm | amn
L S
\
= Restorative material
e Capping material

Fig. 1. Schematic illustration of sample preparation and shear bond strength

test set—up.

Collection @ chosun



e zolo] @] AMES] Ketac" Molar(GIC)7F 812 A€d 1, 4
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3t B EA T
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4% dentin conditioner® 8 % FAsla, Fuji I LC"E A7 3mm, o

—

2mme] 9FF Eetad FE Yl Sdste], AemzA k2w Sl AAAZ

% LED light cure unit (VALO LED, Ultradent, South Jordan, USA) & 20&%7F

FZ At
B 2 Filtek' Z250(CR)7} N2 Adg 3 6 97 A FExA] Aus
1527F 35% QlAto =z AbEA &3 1027F A8 5 AxA7] 3, 549 HZA

g9l Adper” Single Bond 28 =¥38l3 20%7F #2338 9 Filtek" 72502 HFH
W2 Fdste], AFExA 2H FA 9AA7a 2023 FEFeAh
aHal WA BE e EeaE

JI:::"_
100% 5ol A 242)3F 59t Btk

testing machine EZ-S, Japan) & ©o]&3le 7} &%¢| cross head speed 0.5

mm/ming SRR A9He b HzAdA FE47) wera vel Hy dEe
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. TLC-CR(17.44 + 295 MPa)o] 7} =& A2 =5, TLC-GIC(1.11

H+

0.79 MPa)7} 714 w2 A4 EE BHrh AA o Ho AFAFAEE
Wl gl e w TLC-CR(17.44 + 29 5MPa), TLC-RMGIC(9.81 + 404 MPa),
BD-CR(559 + 1.23MPa), WMTA-CR(558 + 1.24 MPa), BD-RMGIC(3.82 + 068
MPa), BD-GIC(270 + 096 MPa), WMTA-RMGIC(194 + 119 MPa),
WMTA-GIC(1.29 + 035 MPa), TLC-GIC(1.11 + 0.79 MPa) %2 & %& 3& 1
At

i

Table 4. Shear bond strength (mean * standard deviation) of capping

materials to restorative materials (unit : MPa)

Mean SBS Maximum SBS Minimum SBS

Lo (MPa) (MPa) (MPa)
TLC
1 GIC 10 1.11£0.79 2.8 0.594
2 RMGIC 10 9.81+4.04 16.83 3.787
3 CR 10 17.4442.95 23.97 13.99
BD
4 GIC 10 2.70+0.96 4155 1.408
5 RMGIC 10 3.82+0.68 501 3.014
6 CR 10 5.59+1.23 7.995 4.002
WMTA
7 GIC 10 1.29+0.35 1.676 0.85
8 RMGIC 10 1.94+1.19 3.649 0.785
9 CR 10 5.58+1.24 7.657 3.969

SBS: Shear bond strength, TLC: Theracal LC™ BD: Biodentine™, WMTA:
ProRoot™ white MTA, GIC: Ketac™ Molar, RMGIC: Fuji I LCY CR: Filtek™

7.250.
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30 AFRzAG NFLE @ 4 FHA AVAGFE st 359 Fu
A% AFoR @ 74 A5REAe) AvAYLE v A2 Table 59 A48
o

AFBzA7L TLC 5€ BDA A9, #5474 3+ AVAGEE Folt fogom,

CR, RMGIC, GIC s£2.2 =& #& Bt A F&Ex27F WMTAR 459+ CR
oho] AVAYAEI} 74 Bgort RMGICS GIC 7kl §oa o7} 91 2
o et

Zua7h GICY W, 5224 % BDY AWARAEI} 2 AFRzA] b
d SrelebAl wtow, TLCS WMTA® A9ARZE Aol folakx @rghoh
Z527F RMGICS) 4%, TLC9He] AR A@4wrt dg 2582

A w2 e HPow TLC, BD, WMTA 22 F93% Zol& yelith &
247k CRY ®= TLCSHe] ARARRwsl o] Be e nyow, BDs

WMTA ztel= ol dk 2ol 7k glolth

Table 5. Comparisons of shear bond strength (meantstandard deviation) of the

studied samples according to pulp capping materials or restorative materials

Restorative materials

Capping
Tt als GIC RMGIC CR D D D D
(MPa) (MPa) (MPa) value  value®  value®  value
TLC 1.11£0.79  9.81+4.04 1744295 0.000° 0.001™ 0.001™ 0.004™
BD 2.70+0.96 3.82+0.68 559+1.23  0.000" 0.033 0.002™  0.008™
WMTA 1.29+0.35 1.94+1.19 558+1.24  0.000" 0.738 0.001™ 0.001™
- 9 -
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Capping materials

Restorative
materals TLC BD WMTA D D D D
(MPa) (MPa) (MPa) value  value®  value®  value'
GIC 1.11£0.79  2.70£096 1.29+0.35 0.001° 0.008" 01206 0.003"
RMGIC 981+4.04 382+068 1.94+1.19 0.000° 0.003™ 0.001™ 0.015"
CR 17444295 559+1.23 553+1.24  0.000° 0.001™ 0.001™ 0.970
p value = Kruskall-Wallis Test (x : p < 0.05)

p value = Mann-Whitney U Test with Bonferroni correction (x* : p < 0.017)

a . p value of GIC vs RMGIC, b : p value of GIC vs CR, ¢ : p value of
RMGIC vs CR, d : p value of TLC vs BD, e ! p value of TLC vs WMTA, f :
p value of BD vs WMTA

TLC: Theracal LC", BD: Biodentine¥, WMTA: ProRoot" white MTA, GI: Ketac

M Molar, RMGL: Fuji II LC™ CR: Filtek™ 7250.

RMGIC]! 74-F, TLC= 5-#4 3#o], BD9 WMTA® &34 3pde]l 5 WA
Ak FEA7E CRI 49 TLC= H&4d 34, BD= &34 3, aeu
WMTA= S5 s e 2o &34 s 25 Asizd] el &

st

Table 6. Distribution of failure mode between restorative materials and

capping materials

_‘]0_
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p—value

No.

Failure mode

Capping
material

Restorative

Mixed

Cohesive

Adhesive

material

10
10
10
10
10
10
10
10
10

TLC

0.000"

BD
WMTA

GIC

0

TLC

0.002°

10

BD
WMTA

RMGIC

2

TLC

0.000"

BD
WMTA

CR

0

D p < 0.05)

Fisher's extract test (x

TLC: Theracal LCY BD: Biodentine™, WMTA: ProRoot™ white MTA, GIC:

Ketac™ Molar, RMGIC: Fuji II LC"™ CR: Filtek™ 7250.
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