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ABSTRACT
Objective: This study evaluated the flow, pH and calcium
release of MTA Fillapex (G1) or Fillapex plus 10% in weight of
calcium hydroxide powder (G2), compared to AH Plus (G3) and
Sealapex (G4).
Materials and methods: The flow test was performed according
to ISO 6876:2001 requirements. The sealers were placed into
plastic tubes and immersed in deionized water. After 24 hours,
7, 14 and 28 days, the water of each tube was removed and
tested to evaluate the pH values and the level of released
calcium. Calcium release values were analyzed statistically by
Kruskal Wallis and Dunn tests and pH values analyzed by
ANOVA and Tukey tests ( = 5%).
Results: G1 presented higher flow among all sealers. The
addition of 10% calcium hydroxide into MTA Fillapex reduced
the flow (p < 0.05) but, in a level, that is lower than the one
recommended for ISO norms. G2 and G4 presented pH values
and calcium release higher than G3 (p < 0.05) in all periods. G1
presented pH value higher than G3 (p < 0.05), except in 7 days
period (p > 0.05). G4 presented higher pH values than G1 and
G2, but the calcium release was similar for all periods
(p > 0.05). G3 presented lower calcium release among all groups
(p < 0.05).
Conclusion: The addition of 10% calcium hydroxide in MTA
Fillapex caused reduction in flow and no negative interference
in pH and/or calcium release. However, the obtained flow is
different from ISO requirements.
Clinical relevance: MTA Fillapex presents levels of flow above
the ISO norms. The addition of calcium hydroxide is a suggestion
for solving this problem, but the impact of these procedures
should be carefully evaluated.
Keywords: Calcium hydroxide, Calcium release, Flow, MTA,
pH.
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INTRODUCTION
Mineral trioxide aggregate is a white or gray powder
composed by hydrophilic particles whose main components
are tricalcium silicate, tricalcium aluminate, tricalcium oxide
and silicate oxide.1 There are also small quantities of other
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substances which enhance the physicochemical properties
of the aggregate, such as bismuth oxide.2
Currently, it is used in conservative pulp therapy
procedures, pulpotomy in primary teeth, in immature teeth
treatment and for the resolution of several complications
during endodontic treatment.3-7 MTA is also used for root
canal filling with satisfactory biological results.8 However,
when mixed with distilled water results in a material that is
difficult to be inserted into the root canal.9
Recently, sealers containing MTA exclusively for use
as root canal filling material were developed, such as EndoCPM-Sealer (EGEO, Buenos Aires, Argentina), ProRoot
Endo Sealer (Dentsply Maillefer, Ballaigues, Switzerland)
and experimental cement, MTAS (mixture of 80% white
Portland cement and 20% bismuth oxide) with an addition
of water soluble polymer.10 A new formulation of sealer
containing MTA (MTA Fillapex, Angelus Soluções
Odontológicas, Londrina, PR, Brazil) was created to be used
as root canal sealer, but few information are known about
it.11-15 According to the manufacturer, the composition of
MTA Fillapex after mixing is MTA, salicilate resin, natural
resin, bismuth and silica.
An adequate flow is a fundamental property to
endodontic sealers.16 On the other hand, an excessive flow
can favor apical extrusion of the sealer and consequently
injure the periapical tissues.17 An evident clinical problem
observed in the manipulation of MTA Fillapex is its
excessive flow. To minimize this problem, some practitioners empirically have added 10% of calcium hydroxide
into MTA Fillapex sealer (in w/w), with similar proposal
for the AH Plus sealer. 18,19 Although this procedure
apparently reduces the flow, there are no studies that
evaluate the impact of this method on some physical and
chemical properties of MTA Fillapex, mainly in relation to
pH and calcium release and if the obtained mixture is in
accordance to ISO requirements.20
Endodontic sealers that contain calcium hydroxide in
their composition will only perform their biological and
microbiological action, if calcium ion and hydroxyl release
occurs.21,22 Thus, it is necessary to evaluate if the addition
of calcium hydroxide in MTA Fillapex, in proportion of
10% in weight, interferes to these properties.
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Therefore, the aim of this study was to evaluate the flow,
pH and calcium ion release of MTA Fillapex, pure or
incorporated with 10% calcium hydroxide (in weight),
compared to that provided by AH plus (Dentsply De Trey,
Konstanz, Germany), and Sealapex (SybronEndo, Glendora,
USA) in periods of 24 hours, 7, 14 and 28 days.
MATERIALS AND METHODS
The sealers used in this study were: MTA Fillapex (Angelus
Ind Prod Odontológicos S/A, Londrina, PR, Brazil) (G1),
AH Plus (Dentsply De Trey, Konstanz, Germany) (G3) and
Sealapex (SybronEndo, Glendora, USA) (G4). All sealers
were mixed according to manufacturers instructions, except
the groups MTA Fillapex (Angelus Ind Prod Odontológicos
S/A, Londrina, PR, Brazil), in which total volume of the
sealer was added 10% (weight) of calcium hydroxide
powder (G2).
The flow of the sealers were evaluated in accordance to
ISO 6876 requirements, as described by Camps et al.16,20
After flow analysis, forty polyethylene tubes measuring
10 mm in length and 1.5 mm in internal diameter were filled
with the mixtures to be evaluated. For pH and calcium ion
release evaluation, 10 specimens were prepared from each
material studied. Immediately after manipulating the
materials, the tubes were filled and weighed to check the
standard amount of sealer in each specimen (± 0.002 gm)
and placed into polypropylene flasks (Injeplast, São Paulo,
Brazil) containing 10 ml of deionized water. All specimens
were kept at 37°C (Farmen, São Paulo, Brazil).
After 24 hours, 7, 14 and 28 days, the water was assessed
for pH and calcium release. Previous to the immersion of
specimens, the pH and calcium ion concentration of
deionized water were verified, attesting pH 6.8 and total
absence of calcium ions. The tubes containing the cements
were placed in new flasks with 10 ml of distilled water for
further analysis in the different time periods.

The pH measurements were conducted with a pH meter
(model DM, 22 Digimed, São Paulo, Brazil), as described
by Vivan et al.23 The pH values were compared by ANOVA
test ( = 5%).
The release of calcium ions was measured using an atomic
absorption spectrophotometer (AA6800, Schimadzu, Tokyo,
Japan) equipped with a calcium-specific hollow cathode lamp,
as described Vivan et al.23 The calcium release values were
compared by Kruskal Wallis and Dunn tests ( = 5%).
RESULTS
The mean flow values for the sealers are described in Table 1
(in mm). MTA Fillapex had higher flow than the other
sealers (p < 0.05). Moreover, the addition of 10% of calcium
hydroxide into MTA Fillapex provided a significant
reduction in flow (p < 0.05), but this value is in disagreement
to ISO requirements. The flow of AH Plus and Sealapex
were similar (p > 0.05).
The mean pH values and standard deviations for the
several sealers evaluated in the different experimental
periods are described in Table 2. In 24 hours, G4 presented
higher pH values than other sealers (p < 0.05). G1 and G2
presented similar pH values (p > 0.05) and both presented
higher pH values than G3 (p < 0.05). In 7 days, G4 presented
higher pH values than other sealers (p < 0.05). G2 presented
higher pH values than G1 and G3 (p < 0.05). G1 and G3
presented similar pH values (p > 0.05). In 14 days, G4 and

Table 1: Mean and standard deviation of the flow
value for the sealers (in mm)
Groups
G1

G2

G3

G4

29.4
(1.05)a

16.80
(0.71)c

21.91
(0.36)b

21.11
(0.40)b

a,b,c
Different letters in each period indicate significant difference
(p < 0.05); G1: MTA Fillapex; G2: MTA Fillapex with 10% of
calcium hydroxide powder; G3: AH Plus; G4: Sealapex

Table 2: Mean and standard deviation of the pH value for the sealers, in the different periods
Groups

G1

G2

G3

G4

24 hours

9.39
(0.30)b

9.43
(0.32)b

8.10
(0.29)c

9.82
(0.18)a

7 days

7.68
(0.23)c

8.75
(0.45)b

7.67
(0.52)c

10.05
(0.29)a

14 days

8.89
(0.54)b

9.42
(0.05)a

6.80
(0.52)c

9.77
(0.35)a

28 days

9.15
(0.48)b

9.34
(0.22)b

6.11
(0.58)c

9.83
(0.10)a

a,b,c

Different letters in each period indicate significant difference (p < 0.05); G1: MTA Fillapex; G2: MTA Fillapex with 10% of calcium
hydroxide powder; G3: AH Plus; G4: Sealapex
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Table 3: Rank means of the calcium release values for the
sealers in the different periods
Groups

G1

G2

G3

G4

24 hours
7 days
14 days
28 days

29.6a
23.8a
31.1a
20.4a

20.1a
17.6a
19.6a
22.6a

5.6b
5.9b
5.5b
5.5b

26.7a
34.7a
25.8a
33.5a

a,b

Different letters in each period indicate significant difference
(p < 0.05); G1: MTA Fillapex; G2: MTA Fillapex with 10% of
calcium hydroxide powder; G3: AH Plus; G4: Sealapex

G2 presented similar pH values (p > 0.05) and higher results
than other sealers (p < 0.05). G1 presented higher pH values
than G3 (p < 0.05). In 28 days, the pH values were equal to
that presented in 24 hours period.
As calcium release values no presented a normal
distribution, a nonparametric statistical analysis was used.
In all periods, the G3 presented calcium release lower than
other groups (p < 0.05). The calcium release values of G1,
G2 and G3 were similar in all periods (p > 0.05). The rank
means of the calcium release for the several sealers
evaluated, in the different experimental periods, are
described in Table 3.
DISCUSSION
The addition of calcium hydroxide to MTA Fillapex, in
proportion of 10%, had no negative interference in pH value
and calcium release, in all analyzed periods. When compared
to AH Plus sealer, this mixture presented significantly higher
pH values and calcium release. Despite the significantly
reduced flow in relation to MTA Fillapex alone, the final
result is not compatible to the ISO requirement.
An adequate flow allows the sealer to fill the empty
spaces unfilled by gutta-percha cone.24 The methodology
used in the present study is in accordance with ISO 6876
requirements related to endodontic sealers.16,20,25 The flow
values found were higher than the minimum required by
the ISO 6876 (> 20 mm), except to G2. The flow reduction
of MTA Fillapex can be attributed to use of calcium
hydroxide powder, once the relation powder/liquid interferes
with the flow property.16,24 The impact of this reduction in
flow of MTA Fillapex needs further assessments.
It has been suggested that to mineralization stimulus,
materials should have an alkaline pH level and release
calcium.21,22 The methodology used to evaluate pH and
calcium release consisted in filling standardized polyethylene tubes, with the same dimensions (1.0 cm in length
× 1.5 mm in internal diameter) to that used by Scarparo
et al.26 After specific periods, the pH values of deionized
water were determined with pH meter and the calcium
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release measured with atomic absorption spectrophotometer.
Similar methods were employed in other studies.19,21,23
Sealapex presented the highest release of hydroxyl ions
in all analyzed periods, in agreement with those obtained
by Duarte et al.21 MTA Fillapex showed a decrease in pH
values during the experiment, increasing only in final period.
Probably, it is related to the time of immersion of the
specimens in deionized water. The addition of calcium
hydroxide prevented the reduction of the pH value of the
MTA Fillapex, mainly in the period of 14 days, similar to
the Sealapex. However, in 28 days, probably due to the final
setting, there was a decline in pH value, returning to
resemble the pH of the MTA Fillapex. Similar results were
observed, when the calcium hydroxide was added in AH
Plus sealer.19
The calcium release provided by MTA Fillapex alone
or added with calcium hydroxide and Sealapex were similar
in all analyzed periods. As described by the manufacturers,
the similarity between the composition of the sealers may
have contributed to similar the calcium release.11,21,26 On
the other hand, AH Plus could not provided the release of
calcium, as also observed by Duarte et al.19
MTA Fillapex has satisfactory biological results.14 But
its high flow may cause overfilling beyond the apical
foramen, which is avocate for some endodontic sealers.17
The addition of calcium hydroxide powder in the sealer is a
suggestion to correct excessive flow.19 In relation to the
MTA Fillapex, the addition of calcium hydroxide powder
did not affect the properties of alkalinization and calcium
release of sealer, but is not compatible ISO 6876 requirements. Therefore, further studies with other proportions of
calcium hydroxide are required, to obtain the best
consistency to MTA Fillapex, without the occurrence of
changes in its physical and chemical properties.
CONCLUSION
The results of calcium release and pH observed after addition
of 10% calcium hydroxide powder (in weight) in the MTA
Fillapex are similar to the cement pure and Sealapex, with
lower flow than the original composition but in conditions
not recommended by ISO requirement. This proportion is
not recommended for clinical use, and proportions with less
than 10% of calcium hydroxide powder should be assessed.
REFERENCES
1. Parirokh M, Torabinejad M. Mineral trioxide aggregate: A
comprehensive literature review (Part I): Chemical, physical,
and antibacterial properties. J Endod 2010 Jan;36(1):16-27.
2. Torabinejad M, Hong CU, McDonald F, Pitt Ford TR. Physical
and chemical properties of a new root-end filling material. J
Endod 1995 Jul;21(7):349-53.

JAYPEE

WJD
Influence of the Addition of Calcium Hydroxide Powder on Some Physical and Chemical Properties of the Sealer MTA Fillapex
3. Menezes R, Bramante C, Letra A, Carvalho VG, Garcia RB.
Histologic evaluation of pulpotomies in dog using two types of
mineral trioxide aggregate and regular and white Portland
cements as wound dressings. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2004 Sep;98(3):376-79.
4. Nair PN, Duncan HF, Pitt Ford TR, Luder HU. Histological,
ultrastructural and quantitative investigations on the response
of healthy human pulps to experimental capping with mineral
trioxide aggregate: A randomized controlled trial. Int Endod J
2008 Feb;41(2):128-50.
5. Sonmez D, Sari S, Çetinbas T. A comparison of four pulpotomy
techniques in primary molars: A long-term follow-up. J Endod
2008 Aug;34(8):950-55.
6. Felippe WT, Felippe MCS, Rocha MJC. The effect of mineral
trioxide aggregate on the apexification and periapical healing
of teeth with incomplete root formation. Int Endod J 2006
Jan;39(1):2-9.
7. Parirokh M, Torabinejad M. Mineral trioxide aggregate: A
comprehensive literature review (Part III): Clinical applications,
drawbacks, and mechanism of action. J Endod 2010
Mar;36(3):400-13.
8. Holland R, de Souza V, Nery MJ, Otoboni Filho JA, Bernabé
PF, Dezan Júnior E. Reaction of dogs’ teeth to root canal filling
with mineral trioxide aggregate or a glass ionomer sealer. J
Endod 1999 Nov;25(11):728-30.
9. Cintra LTA, Moraes IG, Estrada BPF, et al. Evaluation of the
tissue response to MTA and MBPC: Microscopic analysis of
implants in alveolar bone of rats. J Endod 2006 Jun;32(6):
556-59.
10. Camilleri J, Gandolfi MG, Siboni F, Prati C. Dynamic sealing ability
of MTA root canal sealer. Int Endod J 2011 Jan;44(1):9-20.
11. Kuga MC, Campos EA, Viscardi PH, Carrilho PZ, Xaviér FC,
Sivestre NP. Hydrogen ion and calcium releasing of MTA
Fillapex and MTA-based formulations. RSBO 2011
Jul;8(3):271-76.
12. Morgental RD, Vier-Pelisser FV, Oliveira SD, Antunes FC,
Cogo DM, Kopper PM. Antibacterial activity of two MTA-based
root canal sealers. INT Endod J 2011 Dec;44(12):1128-33.
13. Sagsen B, Ustün Y, Demirbuga S, Pala K. Push-out bond
strength of two calcium silicate-based endodontic sealers to root
canal dentine. Int Endod J 2011 Dec;44(12):1088-91.
14. Scelza MZ, Linhares AB, da Silva LE, Granjeiro JM, Alves
GG. A multiparametric assay to compare the cytotoxicity of
endodontic sealers with primary human osteoblasts. Int Endod
J 2012 Jan;45(1):12-18.
15. Assmann E, Scarparo RK, Böttcher DE, Grecca FS. Dentin bond
strength of two mineral trioxide aggregate-based and one epoxy
resin-based sealers. J Endod 2012 Feb;38(2):219-21.
16. Camps J, Pommel L, Bukiet F, About I. Influence of the powder/
liquid ratio on the properties of zinc oxide-eugenol-based root
canal sealers. Dent Mater 2004 Dec;20(10):915-23.
17. Suzuki P, Souza V, Holland R, et al. Tissue reaction of the
EndoREZ in root canal fillings short of or beyond an apical
foramen like communication. Oral Surg Oral Med Oral Path
Oral Rad Endod 2010 May;109(5):e94-e99.
18. Duarte MAH, Ordinola-Zapata R, Bernardes RA, et al. Influence
of calcium hydroxide associated on the physical properties of
AH Plus. J Endod 2010 Jun;36(6):1048-51.
19. Duarte MAH, Oliveira-Demarchi AC, Moraes IG. Determination
of pH and calcium ion release provided by pure and calcium
hydroxide containing AH Plus. Int Endod J 2004 Jun;37(1):
42-45.
World Journal of Dentistry, April-June 2012;3(2):180-183

20. International Organization for Standardization. ISO-6876 Dental
root canal sealing materials. Geneve. International Organization
for Standardization 2001.
21. Duarte MAH, Demarchi ACCO, Giaxa MH, Kuga MC, Fraga
SC, Souza LCD. Evaluation of pH and calcium ion release of
three root canal sealers. J Endod 2000 Jul;26(7):389-90.
22. Estrela C, Sydney GB, Bammann LL, Felipe O Jr. Mechanism
of action of calcium and hydroxyl ions of calcium hydroxide on
tissue and bacteria. Braz Dent J 1995;6(2):85-90.
23. Vivan RR, Zapata RO, Zeferino MA, et al. Evaluation of the
physical and chemical properties of two commercial and threeexperimental root-end filling materials. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2010 Aug;110(2):250-56.
24. Ostarvik D. Physical properties of root canal sealers:
Measurements of flow, working time, and compressive strength.
Int Endod J 1983 Jul;16(3):99-107.
25. Almeida JF, Gomes BP, Ferraz CC, Souza-Filho FJ, Zaia AA.
Filling of artificial lateral canals and microleakage and flow of
five endodontic sealers. Int Endod J 2007 Sep;40(9):692-99.
26. Scarparo RK, Haddad D, Acasigua GAX, Fossati ACM, Fachin
EVF, Grecca FS. Mineral trioxide aggregate-based sealer:
Analysis of tissue reactions to a new endodontic material. J
Endod 2010 Jul;36(7):1174-78.

ABOUT THE AUTHORS
K<
<tia Cristina Keine
Department of Restorative Dentistry, Araraquara Dental School, Univ
Estadual Paulista, Araraquara, São Paulo, Brazil

Fl<
<via Angélica Guiotti
Department of Restorative Dentistry, Araraquara Dental School, Univ
Estadual Paulista, Araraquara, São Paulo, Brazil

Renato Toledo Leonardo
Department of Restorative Dentistry, Araraquara Dental School, Univ
Estadual Paulista, Araraquara, São Paulo, Brazil

Milton Carlos Kuga
Department of Restorative Dentistry, Araraquara Dental School, Univ
Estadual Paulista, Araraquara, São Paulo, Brazil

Marco Antonio Hungaro Duarte
Department of Dentistry, Endodontics and Dental Materials, Bauru
Dental School, University of São Paulo, Bauru, São Paulo, Brazil

Edson Alves de Campos
Department of Restorative Dentistry, Araraquara Dental School, Univ
Estadual Paulista, Araraquara, São Paulo, Brazil

Marcelo Ferrarezi de Andrade
Department of Restorative Dentistry, Araraquara Dental School, Univ
Estadual Paulista, Araraquara, São Paulo, Brazil

CORRESPONDING AUTHOR
Renato Toledo Leonardo, Department of Restorative Dentistry
Araraquara Dental School, University Estadual Paulista, Rua
Humaitá, 1680-cep. 14.801-903, Araraquara/SP, São Paulo, Brazil
Phone: +55-16-3301-6397, e-mail: leonardo@foar.unesp.br

183

