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——Abstract

exposure to different pH values.

materials.

Scanning electron microscope

The aim of this study was to evaluate the effect of a range of acidic pH values on the push-out bond strength
and surface morphology of tricalcium silicate materials: Biodentine®, Theracal® and ProRoot MTA®.

The standardized lumens of root slices prepared from extracted single-root human teeth were filled with
Biodentine®, Theracal® and ProRoot MTA® according to manufacturer's instructions. The specimens were
randomly divided into 4 groups (n = 20) for each material and then incubated for 4 days at 37¢C: 3 acidic
groups (butyric acid buffered at pH 4.4, 5.4, 6.4) and 1 control group (phosphate buffered saline solution at pH
7.4). The push-out bond strengths were then measured by using a universal testing machine and the surface
morphology of each experimental group was analyzed by a scanning electron microscope.

Biodentine® and Theracal® showed higher push-out bond strength compared with ProRoot MTA® after
exposure to acidic pH values. A substantial change in the surface morphology of each material occurred after

In conclusion, the push-out bond strengths of Biodentine® and Theracal® are higher than the ProRoot MTA®.
Further the acidic environment weakens the push-out bond strength and microstructure of tricalcium silicate
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H ol HHE FHEAUAE MTAS fraket S 2t
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2ZH CaCl2¢h #FAlE Tgste &doz ofFofx U},
Biodentine®2 -3 W8 =2 o5 A=, AAXSI, A
AL W oope} g2 Atz Qe Yzl FEE bk
dotd diAA 2 2 A58 ARE AT 7 U = o
2 Ak A A1 891 Theracal® (Bisco, Inc., Schamburg,
IL, USA)2 3539 9zl ¥3 F4t2%(light curable
resin-modified calcium silicate) 22 23 2 g A¢E3=%
A= 1A}, Theracal®2 Ca0, CaSiOs, AN ZHE
A (Bi:0s), 154 SHAQ fumed silica, #H S g3k 9l
__13:] MTAQF H]J—Jl_o}q E'] g\]’t oﬂ'/\]ﬂ', E'] =
=2 35S e

At Be @5 vl o8 P49 AW 7 S A
X Age Fes
AA 2 MTAE ,
LA g s BT, ojgfe 212 i’f%ejoﬂ oJgt 714
A slzolt 5 A5E S8t Y F
gholu} nlAlFE WA 7heAe S 2 aé I Aok, whEbA
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g AaEd AEEE St 21 dHE dEste] A
g 2710] o]& A5l WA= YIS A B} st E
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Maillefer, Ballaigues, Switzerland)& o]&3le] =3 o
273 1.3 mme| EFstd Wi At dddss 2447
3% 52t 17% EDTASH 1% NaOClol #7159, o1 % S/
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o]z} o] FH|F MZEL A upet T2 E 80
A 34 aFe® Urdon ztzb ProRoot MTA®,
Biodentine®, Theracal®®l &} ‘j’aoi‘:]' olglgt AddAE 1F
E& e wet 4709 ok AF o2 EREITHN = 20).

A& well platedl ‘_ﬁ%%’i‘l?ﬁ—r(phosphate buffered
saline) (pH = 7.4)& &4l gelatin sponge (Gelfoam;
Pfizer Inc, Kalamazoo, MI, USA)E XAt} 2 vl

e 531 474 AJANRES AR A
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Fig. 1. A cylindrical steel plunger to the load cell of the universal testing
machine loading on material inside a root section.



ok A& Camilleri 57'0] 7]t vpe}l ZFo] Th|Fdel| w
2t AAAE e} Aol AdolA EAsh= 420k (adhesive
failure), A@AE oA t'“@ﬁ}% 3% 99 (cohesive fail-
ure), ol’d9 271A el £FEH Uehde £33y
(mixed failure)®] 37FA BF2 U5}
2) 3 B 4
theFek 2 24 st Ao Al Bl 2 2W FHE
A7) 8 FAPA AW 7 (scanning electron micro-
scope) (JEOL JSM-IT300; Jeol Ltd., Tokyo, Japan)< O]
3ttt ZA7ke] Asdd vl R OB 2159 271) F 2
Me] MEL A 7]ss WA 2ol pH 44, 5.4 64, 7. 4
o] 7oA FHBIATE ZA2ke] aFd dsl FHlE AMES] &
o el g #As

A A" A Z7] (Samdri-795: Tousimis Research
Corporation, Rockville, MD, USA)E AZS HZAIZ &
T4 HA ME FHE o2 1FF 2 (sputtering) 3F5
o}, 20 Kve] g atell 50008 &2 FARAAAW G S o] 83
of &L 2L, FHFEHE HAE ofn|A] Alxglo g 7]

=9},

v

il

m
oft
N e

01'1"
r?a

pul

3) A=A
AR Az FHF g Aegke F /b 8910 ¢

Table 1. Push-out bond strength (MPa) of test materials
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Ao WA= S Lot k] 95% AlEFElA
AEAHEA (2-way ANOVA)S Al33la, Tukey's Post
Hoc Test® AR HA & AlQsATH(SPSS 21.0: IBM
Corp., Armonk, NY, USA).

i N{N'

I o7 A5

pH 24| W& YALY ANa5Ee 4E7=7} Table 10
AL AT}, o] AEAHEA A3t AP R F79F pHell
o

g FEAEE 9T Wedkth(p < 0.05). Tukey's Post Hoc
Test A3} Al 7FA] A& ZFolA pH 7.4004 7P =2 Ht

HE BT pH 44904 71 B B3-S Bylon FAA
02 f2l3t Aol E BHYTHp < 0.05). T3 FL3 pH FH0l
e B Theracal*dAl 7M &2 @& B9la 1 tdgo =2
T Biodentine®, MTA &o]3lom FAA SR ot Aol &
BIH(p<0.05).

T3 gy S 2AE 43 ProRoot MTAYE # &uly]
W45(95%), Biodentine®S 3 I3 FF-S(83.75%),
Theracal®2 &33¥] FFE&(57.5%) 7V ol HA
(Table 2).

) pH
Material 44 54 64 74
ProRoot MTA® 25+ 04 3.7 £03% 5.1 £02% 8.0 £ 02>
Biodentine® 43 +02% 59 £ 04> 7.2 £04% 9.8 & 04
Theracal® 5.5 £ 0.3 6.8 = 04" 81+ 02 11.7 £ 03>
Tukey's Post Hoc Test
MPa = megapascals, MTA = mineral trioxide aggregates
Values are mean =+ standard deviation.
AB.6D: Different letters in each material (row) indicate significant difference (p < 0.05).
b Different letters in each pH (column) indicate significant difference (p < 0.05).
Table 2. Failure mode of test materials
pH
Material Failure mode 44 54 64 74 Total
n (%) n (%) n (%) n (%) (%)
ProRoot MTA® Adhesive 20 (100) 20 (100) 18 (90) 18 (90) 76 (95)
Cohesive 0(0) 0(0) 0(0) 0(0) 0(0)
Mixed 0(0) 0(0) 2(10) 2(10) 4(5)
Biodentine® Adhesive 1(5) 1(5) 0(0) 0(0) 2(2.5)
Cohesive 15 (75) 16 (80) 18 (90) 18 (90) 67 (83.75)
Mixed 4(20) 3(15) 2(10) 2(10) 11 (13.75)
Theracal® Adhesive 11 (55) 9 (45) 6 (30) 6 (30) 32 (40)
Cohesive 0(0) 0(0) 1(5) 1(5) 2(2.5)
Mixed 9 (45) 11(55) 13 (65) 13 (65) 46 (57.5)
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2. 2H el 24 Theracal& pH 7.4°14 Z3td ¢zl 714 9fo 39 2
Eo] F450] e BEgel Eith(Fig. 4D). 28y pH7F

FAAAEN & o] &3t 2 AR5 pH wWe ¥ & Faghel et FHe] 73 22 AR 1 YRl 714de] I
Bl S #2319tk ProRoot MTA®S] 7%, pH 7.49} 6.4°14 o] F7FslAth. w3 g FHE 2te dAEC] EtA AL
S o FHo AR EC] S5 ol FH 1 Ateld FAE vk 2 e e BuEs BATH(Fig. 4A, 4B, 4C).

Rekel AAEo] ol S AR ES sl Holg® F

oFu e EHFe BHAHFig. 2C, 2D). a8 o|2id vl V. s2 3 0z

Roke] 23L& pH 5.4 olstellA = #EERA] eFskrh. T3 pH

7h 7H2agte] whe) gk PEjo] Wido] BAlE o A Ry 1993 MTAZ} 2.2 &7)E o] % MTA et 48
HA 31 AH 5 Aloldl| F=o] S7FeFAtHFig. 2A, 2B). AFEo] o]FolH o MTAS ¢33 HJHEc] ¥aA ‘3}

Biodentine®] 7% pH 7.4°X & thfgt 27]e] 5HA MTAE A A3M3S 73 25 2 X5 24 s
(thombohedral) 2% E°] &% ©]Fo] Sl EfFo] #&HA AR g 9lom At Ay Bs & TP, Ed MTAE
tH(Fig. 3D). L&iv} pH7} 7Hacghel] met 2% 2] wgio] F= F¢ 2N E Aot 2 S EE BTPY. o] HY &
219 x 3 A% 7+ FF0] S7FFtH(Fig. 3A, 3B, 3C). e AR QlEl MTAE A A¢Ex, Xedtks, A2

Fig. 2. Scanning electron microscope images of MTA(ProRoot MTA®) exposed to butyric acid at (A) pH 4.4, (B) pH 5.4, (C) pH 6.4 and (D) pH 7.4 after
4-day setting.

Fig. 4. Scanning electron microscope images of Theracal® exposed to butyric acid at (A) pH 4.4, (B) pH 5.4, (C) pH 6.4 and (D) pH 7.4 after 4-day setting.
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oEXE
MA 2A0| Tricalcium Silicate Az 2| YELT T HMSEH0|| O|X|= HE
sO|M - ZZHEE - Z| Y| - M|
Adtietn x)o]shd Eojer] Aopx]zetw Al
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Z4zve] A gol el MES 4709 aFo® Urdeh A 21 288 pH 4.4, 5.4, 6.49) FE2ak 274 2T
OF2 pH 7.49 Q45214 20l|A] 497 37CAA BAsI ), o] &4 =8 S5t 1¥ JuE B8990

Biodentine®® Theracal®2 Z& 24 2794 ProRoot MTA® Bt} 1 =& AEAEE B 1 pH #Adol ue} &
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ZAEH 0= Biodentine®# Theracal®2 ProRoot MTA®S} Hlwdle] i & AEWEE BT, e 4 212 4t

g AREY A= nAlFEE A < 9

ZF20{: 2437 Biodentine, Theracal, Mineral trioxide aggregate, 4&74%=, FAPAAEAN A
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