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Abstract

Introduction: Bioceramic technology has been introduced recently in endodontics to benefit from the formation of
hydroxyapatite duringthesettingreactioninthe presenceoftissuefluidandestablishachemicalbondatthedentininterface.

Objectives: To evaluate some of physiochemical properties of new different Bioceramic (iRoot-SP, EndoSequence,
Smartpastebio) versus mineral trioxide aggregate (MTA-Fillapex) root canal sealers. Adseal and ActiV-GP sealers
were used as control.

Methods: Standard discs (10 for each) were prepared and immersed in 20 ml deionized water. After 1, 7, 14 and
28 days, solubility, pH changes and released elements were calculated and statistically analyzed with ANOVA test.

Results: A significantly greater solubility and higher alkalinity were displayed by the tested sealers (in
descending order) Smartpastebio, iRoot-SP, EndoSequence and MTA-Fillapex (P<0.05). Their solubility exceeded
the acceptable limit (3%). Their maximum alkaline pH was exhibited after 7 days. Adseal and ActiV-GP exhibited
initial neutral and acidic pH respectively. Finally both had neutral pH. EndoSequence exhibited the significantly
greatest calcium release followed by iRoot-SP, Smartpastebio and MTA-Fillapex, whereas, ActiV-GP and Adseal
exhibited the significantly lowest values (P<0.05). There was no silicon released from iRoot-SP, Smartpastebio
and MTA-Fillapex. ActiV-GP exhibited the greatest silicon, aluminum and iron release. The greatest phosphorous,
manganese and magnesium content was obtained by Adseal, MTA-Fillapex and EndoSequence respectively.

Conclusion: Under the condition of this study, the prolonged alkalinity of calcium silicate sealers was synchronized
with their ongoing solubility. The higher calcium ions released indicated strong alkalinity. The inequality in aluminum,

iron, manganese and magnesium released by the tested sealers may expect the variance in their behaviors.
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Introduction

Bioceramic and Mineral Trioxide Aggregate (MTA) root canal
sealers were recently introduced into the endodontic field to benefit
from the formation of hydroxyapatite during the setting reaction in
the presence of tissue fluid and establish a chemical bond at the dentin
interface [1]. Solubility, pH changes and released elements of root canal
sealers have an impact on their clinical, biological and antibacterial
behaviors. Most sealers exhibit a variable degree of solubility that affects
the integrity of the apical seal of a root canal filling [2]. Therefore,
insolubility is a standard property for root canal sealer. The alkaline
pH is closely related to the increased hydroxyl and calcium ion (Ca?)
release after root canal obturation, which inhibits growth of residual
microbes, and this enhances healing of periapical pathosis [3,4].

Recent Calcium Silicate Sealers (CSS) have been claimed to be
excellent sealers with alkaline pH, low solubility and providing good
sealing owing to their setting expansion [5]. To date, there are not
enough publications that prove their physiochemical behavior.

The aim of this study was to evaluate solubility, pH changes, calcium
ions released and degradable elements of different brands of CSS. The
null hypothesis is that there is no significant difference between the
tested root canal sealers.

Materials and Methods

Three brands of injectable Bioceramic: EndoSequence (Brasseler,
Georgia, USA), Smartpastebio (Smartseal, DRFP Ltd, UK) and iRoot-SP
(Innovative BioCeramix Inc, Vancouver, Canada) with MTA-Fillapex
(Angelus, Londrina, Brazil) root canal sealers were tested. Adseal
(META Biomed Co., Chungbuk, Korea) and ActiV-GP (Brasseler,

Georgia, USA) were used as control.

According to American Dental Association (ADA) specification
number 57 for root canal filling, standard discs (15 mm diameter, 3 mm
thickness) of fresh mixed sealers were prepared (10 for each material),
according to manufacturer instructions. They were left in an incubator
at 37°C, 100% humidity until complete setting. Each disc was tied with
impermeable nylon thread and the initial weight (W) measured using
an analytical balance machine (Balance and Scale Model AW-220,
Shimadzu Corporation, Kyoto, Japan). Then they were immersed in
20 ml deionized water and incubated for 1, 7, 14 and 28 days in 100%
humidity at a constant temperature of 37°C.

Solubility (%) evaluation: After each immersion time, the discs
were removed from the tube, dried with blotted paper, left 24 hours
for complete dryness and then reweighed (Wf,, W, Wf,, and Wf).
The amount of solubility (%) was calculated by the following equation:
Solubility (%) = wxmo [6].

pH analysis: The pH of storage solution at each immersion time (1,
7, 14 and 28 days) was analysed using a pH meter (HANNA pH 211,

*Corresponding author: Sawsan Taha Abu Zeid, Department of Endodontic, King
Abdulaziz University, Jeddah, Kingdom of Saudi Arabia, Tel: +966-509528971, E-mail:
sawsanabuzeid55@hotmail.com

Received February 23, 2015; Accepted April 23, 2015; Published April 26, 2015

Citation: Abu Zeid STH, Mokeem Saleh AAY (2015) Solubility, pH Changes and
Releasing Elements of Different Bioceramic and Mineral Trioxide Aggregate Root
Canal Sealers Comparative Study. J Trauma Treat 4: 249. doi:10.4172/2167-
1222.1000249

Copyright: © 2015 Abu Zeid STH, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

J Trauma Treat
ISSN: 2167-1222 JTM, an open access journal

Volume 4 + Issue 2 + 1000249



Citation: Abu Zeid STH, Mokeem Saleh AAY (2015) Solubility, pH Changes and Releasing Elements of Different Bioceramic and Mineral Trioxide
Aggregate Root Canal Sealers Comparative Study. J Trauma Treat 4: 249. doi:10.4172/2167-1222.1000249

Page 2 of 4

UVP Inc., UpLand, USA) previously calibrated with standard solutions
at pH 4.0 and 7.0 at a constant temperature (25°C).

pH of tested sealers at different experimental periods

Released elements analysis: The solutions after each immersion . —_—
time were analyzed for the amount of calcium ions (Ca?*) released using =
an Inductively Coupled Plasma (ICP) Spectrometer (model JY-Ultima i e
2). At the 28" day, the solutions were analyzed for other degradable

elements, including phosphorus, silicate, aluminum, iron, manganese % /,/\
and magnesium using the ICP spectrometer. / ——iRaot 5P
& —#-EndoSequence

Statistical analysis: According to the normality test, the data of = Smartpasteblo
solubility, pH and released elements were statistically analyzed by the 2 G e i
One-Way ANOVA and Post-Hoc Tukey HSD tests using SPSS software : - ACIV-GP
(Version 16.0; SPSS, Inc, Chicago, IL) at significance level of 5%, to
compare the tested materials. ° . T T i

iRoot-SP 121 12.29 12.07 1175

Results EndoSequence 1094 102 10.75 10.92
Smartpastebio 12.34 12.38 12.32 11.84

oo 10.41 10.52 10.42 9.81
SOlllblllty (%) 685 s.11 841 7.63
ActiV-GP 578 5.92 6.52 115

Figure 1 illustrates the comparison between the mean values of
solubility % of the tested materials at different immersion times. The
null hypothesis for sealer solubility was rejected. The four CSS exhibited
ongoing increases in solubility overtime, exceeding the acceptable limit
of ADA. The significantly highest value was obtained by Smartpastebio,

Figure 2: Plot lines representing the mean values of pH change over time for
tested sealers.

whereas, MTA-Fillapex displayed the most signiﬁcantly lowest value at Calcium ions released among groups
P <0.05. Adseal and ActiV-GP displayed an initial increase in weight b
% that gradually declined with the final solubility falling within the 100
acceptable ADA tolerance range (Figure 1). "
pH changes o
The pH mean values of all tested materials at different immersion “ 1 I ] md i
times are described in Figure 2. An ANOVA test revealed a statistically A I sl
. o & = o

significant difference among groups (P=0.000). Therefore, the null a
hypothesis of pH changes within the groups was rejected. The four
CSS exhibited high alkaline pH over time with the maximum value

'HI‘“ HI

occurred on the 7% day. Smartpastebio and iRoot-SP exhibited ' | octsP  EndoSequence Smartpastoblo| WTAFilapex  Adseal | Activ-eP
24hrs 84.71 100.27 76.78 25.69 7 1.86

significantly higher alkalinity than that obtained by EndoSequence and Taays | 887 7578 sos2 | 19ses 254 136

MTA-Fillapex (P<0.05). Adseal exhibited an initial neutral pH that was i e g ke b Pt

followed by a weak alkaline pH and then a final neutral pH. Whereas,
ActiV-GP exhibited an initial acidic pH that followed by a final neutral
pH (Figure 2).

Figure 3: Error bar representing the mean values of released calcium ions
(mg/L) over time for the tested sealers.
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Figure 1: Error bar representing the mean values of solubility (%) over time Figure 4: Clustered chart representing the cumulative amount of released
among all tested sealers. elements (mg/L) by the tested sealers after 28 days.
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Released elements

Figures 3 and 4 respectively describe the mean values of Ca®* at
different observation times and cumulative amounts of degradable
elements released after 28 days (mg/L) by tested sealers. The null
hypothesis of released elements was rejected. Regarding Ca** released,
there was a statistically significant difference among groups (P<0.05).
EndoSequence exhibited the significantly highest calcium released
followed by iRoot-SP, Smartpastebio and MTA-Fillapex, whereas,
ActiV-GP and Adseal sealers exhibited the significantly lowest values
at P<0.05 (Figure 3). ActiV-GP exhibited the greatest silicon and
aluminum release. The greatest phosphorous release was exhibited by
Adseal (Figure 4).

With respect to the CSS, there was no silicon released from
iRoot-SP, Smartpastebio nor MTA-Fillapex. The greatest amount of
aluminum was released by EndoSequence. MTA-Fillapex exhibited
the greatest release of phosphorous plus traces of iron and manganese.
EndoSequence exhibited a greater magnesium amount than other CSS.

Discussion

In accordance to the requirements of ADA specifications No. 57
[7], the current study assessed the solubility (%), pH changes, Ca®*
ion released and degradable elements of three Bioceramic (iRoot-SP,
EndoSequence and Smartpastebio) and MTA (MTA-Fillapex) sealers
in comparison with epoxy-resin calcium phosphate-based (Adseal) and
glass-ionomer-based (ActiV-GP) sealers.

Solubility is considered an undesirable property for root canal sealer
because it creates gaps along the filling/dentin interface due to released
ions and disintegrated particles compromising the sealer’s effectiveness
[8,9]. It was suggested that the root canal sealer must be insoluble or
minimal when exposed to periapical tissues [10]. To prevent bacterial
leakage [11].

In the current study, the four calcium silicate sealers displayed a
significant greater solubility %, ongoing increasing overtime, which
exceeds the ADA tolerance (3%). In descending order, the final
solubility (after 28 days) was exhibited by Smartpastebio, iRoot-SP,
EndoSequence, MTA-Fillapex, ActiV-GP and Adseal. EndoSequence
and MTA-Fillapex have previously displayed significantly high
solubility after 30 days, within the permitted limit [12,13]. In another
study, the solubility of MTA-Fillapex exceeded the acceptable limit [14].

Regarding glass-ionomer- and epoxy resin-based sealers used in the
current study: ActiV-GP and Adseal exhibited initial increase in weight
% (for 7 and 14 days respectively) that declined with final solubility
being reached after 28 days within the acceptable limit. In accordance
with the current result, epoxy resin sealers previously exhibited weight
gain within 4 weeks and then they became stable [15,16]. The initial
weight increases of resin and glass-ionomer sealers may be attributed
to their water sorption during setting [8,16]. It was found that epoxy
resin exhibited a porous hydrophilic network of polymerized resin
matrix that permitted initial water sorption [13], thus increasing its
solubility resistance [17]. ActiV-GP previously displayed high solubility
that exceeded the standard level [14,16]. The final solubility of Adseal
and ActiV-GP may be attributed to polymer degradation of unreacted
particles of resin [18] or ion solubilization of the glass-ionomer ActiV-
GP sealer [19].

With regard to the pH of CSS, there were controversies among
studies. Some studies supported our finding as strongly alkalinity (pH
range 10-12) that continued for four weeks after setting [12,14,20].

Another showed that the initial pH of MTA-Fillapex was low in alkaline
(pH = 9.3) that gradually declined over time to be 7.76 after 7 days [5].
It was believed that a strong alkaline pH may encourage a prolonged
setting time [19] which enhances a long-lasting antibacterial effect and
eliminates the residual microbes that survive on the dentinal wall [20].

The pH of the sealers varied according to various components and
products of their setting reaction [3,4]. It was concluded that increases
in solubility overtime enhance the ongoing alkaline effect and determine
the longevity of the optimal effect of calcium hydroxide content [14,21].
In 2013, Silva et al. [5] suggested that due to high alkalinity of MTA-
Fillapex, it had a strong capacity to release hydroxyl ions, thereby
causing a high Ca*" ion release [5,17]. The alkaline media could activate
the alkaline phosphatase, neutralize the acid, inactivate the osteoclasts,
prevent the further bone destruction and allow tissue repair [5] with
concomitant apatite formation [22]. The extreme alkalinity, however,
can induce severe tissue cytotoxicity overtime [5]. The significant
difference in Ca** released from the four brands of CSS confirmed its
different alkaline pH values.

On the other hand, Adseal and ActiV-GP exhibited initial neutral
and acidic pH respectively that could accelerate the setting reaction [19].
The maturation of glass-ionomer sealer in the presence of humidity was
characterized by the formation of polyacrylic acid resulting in acidic
pH media and thus increasing the sealer’s solubility [16]. In accordance
with the current finding, the epoxy-resin-based sealer previously
displayed a slightly neutral pH throughout the experimental period
[12,23], which may attribute to its low solubility [24]. Despite Adseal
displaying a neutral pH, its previously determined high antibacterial
effect against black pigmented bacteria was due to its calcium phosphate
content [25]. This premise was reinforced by Faria-Junior et al. [14]
who concluded that the neutral pH and low solubility of sealer would
eliminate its antibacterial activity. The low amount of Ca?* released by
Adseal and ActiV-GP, however, confirmed that its lower pH may affect
its bioactivity.

ActiV-GP released relatively greater silicon followed by
EndoSequence and Adseal, whereas, no silicon was released by iRoot-SP,
Smartpastebio and MTA-Fillapex. The greatest amount of phosphorous
was released by Adseal, followed by MTA-Fillapex, Smartpastebio,
ActiV-GP, EndoSequence and iRoot-SP. It was concluded that silicon
and phosphorus were stronger inducers of dentin remineralisation and
new bone growth than the effect of calcium [26,27]. On the other hand,
the magnesium released may inhibit the mineralization process [28]
and exhibited cytotoxicity [29]. EndoSequence released significantly
high Ca**, which may enhance its bioactivity and may be considered
as compensatory for the magnesium released. Otherwise, the amount
of phosphorus released by Adseal, and silicon released by ActiV-GP
may be considered as compensatory for their lower Ca’* released in the
healing process [28].

According to the manufacturer, ActiV-GP composed of barium-
alumina-silicate glass powder explains its higher aluminum release
versus the other tested sealers. It may play a role in its fast setting time
[30] and tissue toxicity [31]. The higher iron and manganese traces were
detected in ActiV-GP and MTA-Fillapex respectively. No manganese
was detected in EndoSequence, Smartpastebio, Adseal and ActiV-GP.

Conclusion

Under the condition of this study, the prolonged alkalinity of
all tested calcium silicate sealer was synchronized with increases in
solubility. This may encourage their biological and antimicrobial
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behaviors over time. On the other hand, the ongoing solubility of sealer
indicates permanence disintegration that may impact the sealer’s ability
to prevent apical leakage. The inequality in aluminum, iron, manganese
and magnesium released by the tested sealers may expect the variance in
their ability to help provide an acceptable apical seal after obturation. It
needs further investigation to evaluate the sealing ability of Bioceramics
and MTA sealers as the effect of their high solubility and releasing
elements.

Acknowledgement

This work was funded by the Deanship of Scientific Research (DSR), King
Abdulaziz University, Jeddah, under Grant No. (165-006-D143). The authors,

therefore, acknowledge with thanks DSR technical and financial support.

References

1. Koch KA, Brave D, Nasseh A (2010) Bioceramic Technology: Closing the Endo-
Restorative Circle, Part | Dentistry Today. 29:100-105.

2. Peters DD (1986) Two-year in vitro solubility evaluation of four Gutta-percha
sealer obturation techniques. J Endod 12: 139-145.

3. Ledesma Montes C, Garces ortiz M, Mejia gutierrez A, Ballinas solis A (2012)
Calcium Release and PH Of Three Endodontic Root Canal Sealers.

4. Loushine BA, Bryan TE, Looney SW, Gillen BM, Loushine RJ, et al. (2011)
Setting properties and cytotoxicity evaluation of a premixed bioceramic root
canal sealer. J Endod 37: 673-677.

5. Silva EJ, Rosa TP, Herrera DR, Jacinto RC, Gomes BP, et al. (2013) Evaluation
of cytotoxicity and physicochemical properties of calcium silicate-based
endodontic sealer MTA Fillapex. J Endod 39: 274-277.

6. McMichen FR, Pearson G, Rahbaran S, Gulabivala K (2003) A comparative
study of selected physical properties of five root-canal sealers. Int Endod J
36: 629-635.

7. ANSI/ADA (2000) Specification No. 57 Endodontic sealing materials. Chicago,
IL.

8. AzadiN, Fallahdoost A, Mehrvarzfar P, Rakhshan H, Rakhshan V (2012) A four-
week solubility assessment of AH-26 and four new root canal sealers. Dent
Res J (Isfahan) 9: 31-35.

9. Yigit DH, Gencoglu N (2012) Evaluation of resin/silicone based root canal
sealers. Part i: physical properties. Digest Journal of Nanomaterials and
Biostructures 7: 107-115.

10. Grossman LI (1976) Physical properties of root canal cements. J Endod 2:
166-175.

11. Poggio C, Arciola CR, Dagna A, Colombo M, Bianchi S, et al. (2010) Solubility
of root canal sealers: a comparative study. Int J Artif Organs 33: 676-681.

12. Zhou HM, Shen Y, Zheng W, Li L, Zheng YF, et al. (2013) Physical properties of
5 root canal sealers. J Endod 39: 1281-1286.

13. Vitti RP, Prati C, Silva EJ, Sinhoreti MA, Zanchi CH, et al. (2013) Physical
properties of MTA Fillapex sealer. J Endod 39: 915-918.

14. Faria Junior NB, Tanomaru Filho M, Berbert FLCV, Guerreiro Tanomaru JM
(2013) Antibiofilm activity, pH and solubility of endodontic sealers. International
Endodontic Journal 46: 755-762.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

. Orstavik D, Nordahl I, Tibballs JE (2001) Dimensional change following setting

of root canal sealer materials. Dent Mater 17: 512-519.

. Carvalho Junior JR, Guimaraes LFL, Correr-Sobrinho L, Pecora JD, Sousa

Neto MD (2003) Evaluation of solubility, disintegration, and dimensional
alterations of a glass ionomer root canal sealer. Brazilian Dental Journal 14:
114-118.

. Carvalho-Junior JR, Correr-Sobrinho L, Correr AB, Sinhoreti MA, Consani S, et

al. (2007) Solubility and dimensional change after setting of root canal sealers:
a proposal for smaller dimensions of test samples. J Endod 33: 1110-1116.

. Schafer E, Zandbiglari T (2003) Solubility of root-canal sealers in water and

artificial saliva. Int Endod J 36: 660-669.

. Sousa-Neto MD, Guimaraes LF, Saquy PC, Pécora JD (1999) Effect of different

grades of gum rosins and hydrogenated resins on the solubility, disintegration,
and dimensional alterations of Grossman cement. J Endod 25: 477-480.

Zhang H, Shen Y, Ruse ND, Haapasalo M (2009) Antibacterial activity of
endodontic sealers by modified direct contact test against Enterococcus
faecalis. J Endod 35: 1051-1055.

Tagger M, Tagger E, Kfir A (1988) Release of calcium and hydroxyl ions from
set endodontic sealers containing calcium hydroxide. J Endod 14: 588-591.

Zhang W, Li Z, Peng B (2010) Ex vivo cytotoxicity of a new calcium silicate-
based canal filling material. Int Endod J 43: 769-774.

Candeiro GT, Correia FC, Duarte MA, Ribeiro-Siqueira DC, Gavini G (2012)
Evaluation of radiopacity, pH, release of calcium ions, and flow of a bioceramic
root canal sealer. J Endod 38: 842-845.

Marciano MA, Guimaraes BM, Ordinola-Zapata R, Bramante CM, Cavenago
BC, et al. (2011) Physical properties and interfacial adaptation of three epoxy
resin-based sealers. J Endod 37: 1417-1421.

Park SY, Lee WC, Lim SS (2003) Cytotoxicity and antibacterial property of new
resin-based sealer. JCD 28: 162-168.

Han L, Okiji T (2013) Bioactivity evaluation of three calcium silicate-based
endodontic materials. Int Endod J 46: 808-814.

Patel N, Best SM, Bonfield W, Gibson IR, Hing KA, et al. (2002) A comparative
study on the in vivo behavior of hydroxyapatite and silicon substituted
hydroxyapatite granules. Journal of Materials Science: Materials in Medicine
13: 1199-1206.

Saito T, Toyooka H, Ito S, Crenshaw MA (2003) In vitro study of remineralization
of dentin: effects of ions on mineral induction by decalcified dentin matrix.
Caries Res 37: 445-449.

Desai S, Chandler N (2009) Calcium hydroxide-based root canal sealers: a
review. J Endod 35: 475-480.

Dammaschke T, Gerth HU, Zichner H, Schafer E (2005) Chemical and
physical surface and bulk material characterization of white ProRoot MTA and
two Portland cements. Dent Mater 21: 731-738.

Dahl JE (2005) Toxicity of endodontic filling materials. Endodontic Topics 12: 39-43.

J Trauma Treat
ISSN: 2167-1222 JTM, an open access journal

Volume 4 + Issue 2 + 1000249


http://www.ncbi.nlm.nih.gov/pubmed/3461101
http://www.ncbi.nlm.nih.gov/pubmed/3461101
http://www.webmedcentral.com
http://www.webmedcentral.com
http://www.ncbi.nlm.nih.gov/pubmed/21496669
http://www.ncbi.nlm.nih.gov/pubmed/21496669
http://www.ncbi.nlm.nih.gov/pubmed/21496669
http://www.ncbi.nlm.nih.gov/pubmed/23321245
http://www.ncbi.nlm.nih.gov/pubmed/23321245
http://www.ncbi.nlm.nih.gov/pubmed/23321245
http://www.ncbi.nlm.nih.gov/pubmed/12950578
http://www.ncbi.nlm.nih.gov/pubmed/12950578
http://www.ncbi.nlm.nih.gov/pubmed/12950578
http://www.ncbi.nlm.nih.gov/pubmed/22363360
http://www.ncbi.nlm.nih.gov/pubmed/22363360
http://www.ncbi.nlm.nih.gov/pubmed/22363360
http://www.ncbi.nlm.nih.gov/pubmed/1064691
http://www.ncbi.nlm.nih.gov/pubmed/1064691
http://www.ncbi.nlm.nih.gov/pubmed/20963731
http://www.ncbi.nlm.nih.gov/pubmed/20963731
http://www.ncbi.nlm.nih.gov/pubmed/23791263
http://www.ncbi.nlm.nih.gov/pubmed/23791263
http://www.ncbi.nlm.nih.gov/pubmed/11567689
http://www.ncbi.nlm.nih.gov/pubmed/11567689
http://www.ncbi.nlm.nih.gov/pubmed/17931945
http://www.ncbi.nlm.nih.gov/pubmed/17931945
http://www.ncbi.nlm.nih.gov/pubmed/17931945
http://www.ncbi.nlm.nih.gov/pubmed/14511222
http://www.ncbi.nlm.nih.gov/pubmed/14511222
http://www.ncbi.nlm.nih.gov/pubmed/10687510
http://www.ncbi.nlm.nih.gov/pubmed/10687510
http://www.ncbi.nlm.nih.gov/pubmed/10687510
http://www.ncbi.nlm.nih.gov/pubmed/19567333
http://www.ncbi.nlm.nih.gov/pubmed/19567333
http://www.ncbi.nlm.nih.gov/pubmed/19567333
http://www.ncbi.nlm.nih.gov/pubmed/20546044
http://www.ncbi.nlm.nih.gov/pubmed/20546044
http://www.ncbi.nlm.nih.gov/pubmed/22595123
http://www.ncbi.nlm.nih.gov/pubmed/22595123
http://www.ncbi.nlm.nih.gov/pubmed/22595123
http://www.ncbi.nlm.nih.gov/pubmed/21924194
http://www.ncbi.nlm.nih.gov/pubmed/21924194
http://www.ncbi.nlm.nih.gov/pubmed/21924194
http://www.ncbi.nlm.nih.gov/pubmed/23402321
http://www.ncbi.nlm.nih.gov/pubmed/23402321
http://www.ncbi.nlm.nih.gov/pubmed/14571124
http://www.ncbi.nlm.nih.gov/pubmed/14571124
http://www.ncbi.nlm.nih.gov/pubmed/14571124
http://www.ncbi.nlm.nih.gov/pubmed/19345790
http://www.ncbi.nlm.nih.gov/pubmed/19345790
http://www.ncbi.nlm.nih.gov/pubmed/15935463
http://www.ncbi.nlm.nih.gov/pubmed/15935463
http://www.ncbi.nlm.nih.gov/pubmed/15935463

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Results
	Solubility (%)  
	pH changes  
	Released elements 

	Discussion
	Conclusion
	Acknowledgement
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References

