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Introduction: The aim of this experimental laboratory study was to evaluate the effect of
different mixing and placement techniques on compressive strength (CS) of calcium-enriched
mixture (CEM) cement. Methods and Materials: CEM powder was mixed with its liquid
either by hand mixing or amalgamator mixing. The mixture was loaded to cylindrical acrylic
molds with 6.0+0.1 mm height and 4.0+1 mm diameter. Half of the specimens in each group
were selected randomly and ultrasonic energy was applied to them for 30 sec. All samples were
incubated for 7 days at 37'C. The CS test was performed by means of a universal testing
machine. The data were analyzed by the two-way analysis of variance (ANOVA) and Tukey’s
post hoc tests. The level of significance was set at 0.05. Results: The maximum CS was seen in
the amalgamator-mixed samples that did not receive ultrasonic agitation. The CS value of
amalgamator-mixed samples was significantly higher than manually-mixed ones (P=0.003).
Ultrasonic vibration did not change the CS of specimens. Conclusion: According to the
results, mixing with amalgamator increases the CS of CEM cement, while ultrasonic vibration
had no positive effect.
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Introduction

The mechanical and physical properties of dental materials are
influenced by the mixing technique, the ratio of the
constituent components, delivery system and exposure to various
clinical environments [1-3]. Endodontic cements may encounter
occlusal and masticatory loads, so compressive strength (CS) is
amongst their important physical properties [4-6].

Many studies have been conducted to assess and improve
physical and chemical properties of calcium silicate cements such
as mineral trioxide aggregate (MTA). Basturk et al. [7] compared
the effect of mechanical and manual mixing as well as ultrasonic
agitation during placement, on CS of MTA and concluded that
mechanical mixing and ultrasonic agitation enhance the CS of
MTA. Shabhi et al. [8] evaluated the effect of three different mixing
methods on push-out bond strength of MTA and concluded that
mixing MTA by trituration or ultrasonic energy have no
significant effect on its push-out bond strength. Basturk et al. [9]
reported that mechanical mixing of encapsulated MTA along with
ultrasonic agitation has no positive effect on flexural strength and
total porosity of MTA compared to manual mixing. In a study by
Nekoofar et al. [10] they concluded that condensation pressure
may affect the strength and hardness of MTA.

In 2008, calcium-enriched mixture (CEM) cement was
introduced with clinical applications similar to MTA but a
different chemical composition [11-14]. CEM is a tooth-colored
water-based cement consisting of calcium oxide, calcium
phosphate, calcium carbonate, calcium silicate, calcium sulfate,
calcium hydroxide and calcium chloride [15, 16]. CEM cement
exhibits favorable results regarding biocompatibility, antibacterial
effect, sealing ability and setting time [15, 17-21].

There is little information on the effect of trituration and
ultrasonic agitation on the CS of CEM cement [22].This study was
conducted to evaluate the effect of different mixing techniques and
placement methods on the CS of CEM cement.

Materials and Methods

CEM cement powder and liquid (BioniqueDent, Tehran, Iran)
were mixed according to the manufacturer’s instructions. For
measurement of CS, cylindrical acrylic molds with 6.0+0.1 mm
height and 4.0#1 mm diameter were used and randomly
allocated in four groups (n=10): group 1; manually-mixed and
placed with ultrasonic agitation, group 2; manually-mixed and
placed without ultrasonic agitation, group 3; amalgamator-
mixed and placed with ultrasonic agitation and group 4;
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amalgamator-mixed and placed without ultrasonic agitation.

Amalgamator mixing of CEM cement was performed by
mixing of 1 g CEM powder with 0.33 mL liquid in a plastic mixing
capsule containing a plastic pestle at 4500 revolutions/min for 30
sec using an amalgamator (Farazmehr, Esfahan, Iran). The
mixture was loaded into the molds with minimum pressure. For
manual mixing, 1 g of CEM powder was mixed with 0.33 mL
liquid with a spatula on a glass slab to achieve a thick creamy
consistency.

Indirect ultrasonication was applied by placing an
endodontic plugger (Dentsply Maillefer, Ballaigues, Switzerland)
in the center of the material avoiding contact with the walls or
floor of the mold and an ET20 ultrasonic tip (Satelec, Merignac,
France) placed in contact with the plugger. The ultrasonic device
(Suprasson P5 Booster, Satelec, France) was then activated for 30
sec at power 5. The excess material was removed.

Samples were wrapped in moistened gauze pieces and
incubated at 37°C for 7 days. After 7 days, the specimens were
removed from the molds and visually assessed for lack of air-
voids and chipped edges.

The CS values were then measured by using a universal
testing machine (Z020; Zwick GmbH, Ulm, Germany) at a
crosshead speed of 1.0 mm/min. The maximum load needed to
fracture each specimen was measured, and the CS was calculated
in MPa according to the following formula: CS=4P/nd?, where P
is the maximum load applied in Newtons (N) and d is the mean
diameter of the specimen in mm.

The value of CS between groups was compared by using the
two-way ANOVA and Tukey’s post hoc tests. The significance
level was set as 0.05. The data were analyzed by SPSS software
(SPSS version 18.0, SPSS, Chicago, IL, USA).

Results

The mean+SD values for CS of CEM cement in different groups
are shown in Table 1. Interaction between mixing and placement
methods was not significant (P=0.29). Group 4 (amalgamator-
mixed without ultrasonic agitation) had the maximum CS
(12.52+13.44 MPa) and the minimum CS (2.10+1.14 MPa) was
for group 1 (manually-mixed with ultrasonic agitation). This
difference was significant (P=0.009). Regardless of the placement
method, the mean value of CS in amalgamator-mixed groups
were significantly higher than manually-mixed samples
(P=0.003). Regardless of mixing method, method of placement
had no effect on the CS of samples (P=0.159). In groups placed
without ultrasonic agitation, amalgamator-mixed samples had
significantly higher CS than manually-mixed ones (P=0.23).

Table 1. The mean (SD) and min/max values of compressive strength

Mixing/placement technique ~ Mean (SD) Min  Max
Manually/Ultrasonic 2.10 (1.14) 0.47 3.74

Manually/Manually 2.93 (3.94) 0.43 12.00
Amalgamator/Ultrasonic 6.87 (2.13) 2.59 11.20
Amalgamator/Manually 12.52 (13.44) 1.27 36.90
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Discussion

This experimental laboratory study, evaluated the effect of
different mixing and placement methods on CS of CEM cement.
The results revealed that amalgamator mixing improved the CS of
CEM cement and ultrasonic agitation had no positive effect on it.

Mixing and placement methods can affect the mechanical
properties of dental materials. Amalgamator mixing and
encapsulation, eliminates variations in operators ability and
provides a standardized mixture.

CS is an important property of hydraulic cements that affects
their clinical behavior [23]. CEM cement has various clinical
applications such as perforation repair and vital pulp therapy,
therefor the material should have sufficient CS to resist against
the functional loads and operative procedure [24-27].

According to the results of the current study, the highest CS
was recorded for amalgamator-mixed samples without ultrasonic
agitation. In addition, regardless of placement method, CS of
amalgamator-mixed samples, were significantly higher than
manually-mixed ones. Increasing the CS of hydraulic cements by
encapsulation and amalgamator mixing is in agreement with the
study of Basturk et al [7] who found that mechanical mixing
enhanced the CS of MTA. Mechanical mixing leads to uniform
and adequate wetting of powder particles and facilitates hydration
process and improves the mechanical properties of the cement [9,
28]. However, Shahi et al. [22] reported that CS of hand-mixed
CEM cement was higher than its amalgamator-mixed paste. This
difference can be due to the differences in sample size, trituration
time and time of CS evaluation. Also, they did not mention the
amalgamator speed.

In the present study, samples that were mixed manually and
were placed with an ultrasonic device showed the lowest CS. This
is in accordance with the results reported by Aminoshariae et al.
[29] who found that in comparison with hand condensation,
placement of MTA with ultrasonic condensation resulted in
more voids in material. In fact, they concluded that ultrasonic
energy pushes the MTA material against the walls of the mold
and leaves voids in the body of the material.

In the current study, ultrasonic agitation did not improve the
CS of CEM cement. This finding is consistent with the study by
Shabhi et al. [8] who found that ultrasonication had no significant
effect on the push-out bond strength of MTA. Also, Basturk et al.
[9] found that ultrasonic agitation had no significant advantage
in terms of total porosity and flexural strength over manual
mixing of MTA.

In contrast to our results, Basturk et al. [7] demonstrated
that ultrasonic vibration resulted in higher CS in comparison
with no ultrasonication. Different effect of ultrasonic vibration
on CEM cement might be due to the differences in chemical
composition and particle size of the material in comparison
with MTA. Also, studies can be performed to evaluate the effect
of various mixing methods and placement techniques on other
physical properties of CEM.
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Conclusion

Mechanical mixing with amalgamator increased the CS of CEM
cement; however ultrasonic vibration had no effect. Further
studies are needed for evaluating the effect of frequency and
timing of ultrasonic vibration on CS of CEM cement.

Acknowledgment

The authors thank the Vice Chancellery of Research in Shiraz
University of Medical Sciences (Grant No.: 6572). We also thank
Dr. Vossoughi from Dental Research Development Center of
Dental School and Clinical Research Development Center of
Namazee Hospital and Biomaterial Research Center, Dental
School, Shiraz University of Medical Sciences, Shiraz, Iran.

Conflict of Interest: ‘None declared’.

References

1.

10.

11.

12.

Nekoofar MH, Aseeley Z, Dummer PMH. The effect of various
mixing techniques on the surface microhardness of mineral trioxide
aggregate. Int Endod J. 2010;43(4):312-20.

Hachmeister DR, Schindler WG, Walker WA, 3rd, Thomas DD.
The sealing ability and retention characteristics of mineral trioxide
aggregate in a model of apexification. ] Endod. 2002;28(5):386-90.
Nekoofar MH, Stone DF, Dummer PMH. The effect of blood
contamination on the compressive strength and surface
microstructure of mineral trioxide aggregate. Int Endod J.
2010:43(9):782-91.

Kayahan MB, Nekoofar MH, McCann A, Sunay H, Kaptan RF,
Meraji N, Dummer PM. Effect of acid etching procedures on the
compressive strength of 4 calcium silicate-based endodontic
cements. ] Endod. 2013;39(12):1646-8.

Watts JD, Holt DM, Beeson TJ, Kirkpatrick TC, Rutledge RE. Effects
of pH and mixing agents on the temporal setting of tooth-colored
and gray mineral trioxide aggregate. ] Endod. 2007;33(8):970-3.
Islam I, Chng HK, Yap AU. Comparison of the physical and
mechanical properties of MTA and portland cement. ] Endod.
2006;32(3):193-7.

Basturk FB, Nekoofar MH, Gunday M, Dummer PM. The Effect of
Various Mixing and Placement Techniques on the Compressive
Strength of Mineral Trioxide Aggregate. ] Endod. 2013;39(1):111-4.
Shahi S, Rahimi S, Yavari HR, Samiei M, Janani M, Bahari M,
Abdolrahimi M, Pakdel F, Aghbali A. Effects of Various Mixing
Techniques on Push-out Bond Strengths of White Mineral Trioxide
Aggregate. ] Endod. 2012;38(4):501-4.

Basturk FB, Nekoofar MH, Gunday M, Dummer PM. Effect of
various mixing and placement techniques on the flexural strength
and porosity of mineral trioxide aggregate. ] Endod.
2014;40(3):441-5.

Nekoofar MH, Adusei G, Sheykhrezae MS, Hayes SJ, Bryant ST,
Dummer PM. The effect of condensation pressure on selected
physical properties of mineral trioxide aggregate. Int Endod J.
2007;40(6):453-61.

Asgary S, Eghbal M]J, Parirokh M, Ghoddusi J, Kheirieh S, Brink F.
Comparison of Mineral Trioxide Aggregate's Composition with
Portland Cements and a New Endodontic Cement. J Endod.
2009;35(2):243-50.

Zarrabi MH, Javidi M, Jafarian AH, Joushan B. Histologic
assessment of human pulp response to capping with mineral

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

trioxide aggregate and a novel endodontic cement. ] Endod.
2010;36(11):1778-81.

Shokouhinejad N, Razmi H, Fekrazad R, Asgary S, Neshati A,
Assadian H, Kheirieh S. Push-out bond strength of two root-end
filling materials in root-end cavities prepared by Er,Cr:YSGG laser
or ultrasonic technique. Aust Endod J. 2012;38(3):113-7.

Moazami F, Sahebi S, Jamshidi D, Alavi A. The long-term effect of
calcium hydroxide, calcium-enriched mixture cement and mineral
trioxide aggregate on dentin strength. Iran Endod J. 2014;9(3):185-9.
Asgary S, Shahabi S, Jafarzadeh T, Amini S, Kbeirieh S. The
properties of a new endodontic material. ] Endod. 2008;34(8):990-3.
Sobhnamayan F, Sahebi S, Naderi M, Shojaee NS, Shanbezadeh N.
Effect of acidic environment on the push-out bond strength of
calcium-enriched mixture cement. Iran Endod J. 2014;9(4):266-70.
Mozayeni MA, Milani AS, Marvasti LA, Asgary S. Cytotoxicity of
calcium enriched mixture cement compared with mineral trioxide
aggregate and intermediate restorative material. Aust Endod J.
2012;38(2):70-5.

Asgary S, Akbari Kamrani F, Taheri S. Evaluation of antimicrobial
effect of MTA, calcium hydroxide, and CEM cement. Iran Endod J.
2007;2(3):105-9.

Asgary S, Eghbal MJ, Parirokh M. Sealing ability of a novel
endodontic cement as a root-end filling material. ] Biomed Mater
Res A. 2008;87A(3):706-9.

Mirhadi H, Moazzami F, Safarzade S. The Effect of Acidic pH on
Microleakage of Mineral Trioxide Aggregate and Calcium-Enriched
Mixture Apical Plugs. Iran Endod J. 2014;9(4):257-60.

Tabrizizade M, Asadi Y, Sooratgar A, Moradi S, Sooratgar H,
Ayatollahi F. Sealing ability of mineral trioxide aggregate and
calcium-enriched mixture cement as apical barriers with different
obturation techniques. Iran Endod J. 2014;9(4):261-5.

Shahi S, Ghasemi N, Rahimi S, Yavari HR, Samiei M, Janani M,
Bahari M, Moheb S. The effect of different mixing methods on the
flow rate and compressive strength of mineral trioxide aggregate
and calcium-enriched mixture. Iran Endod J. 2015;10(1):55-8.
Walsh RM, Woodmansey KF, Glickman GN, He J. Evaluation of
compressive strength of hydraulic silicate-based root-end filling
materials. ] Endod. 2014;40(7):969-72.

Lee BN, Hwang YC, Jang JH, Chang HS, Hwang IN, Yang SY, Park
Y], Son HH, Oh WM. Improvement of the properties of mineral
trioxide aggregate by mixing with hydration accelerators. ] Endod.
2011;37(10):1433-6.

Porter ML, Berto A, Primus CM, Watanabe I. Physical and chemical
properties of new-generation endodontic materials. ] Endod.
2010;36(3):524-8.

Parirokh M, Torabinejad M. Mineral trioxide aggregate: a
comprehensive literature review--Part I: chemical, physical, and
antibacterial properties. ] Endod. 2010;36(1):16-27.

Saghiri MA, Shokouhinejad N, Lotfi M, Aminsobhani M, Saghiri
AM. Push-out bond strength of mineral trioxide aggregate in the
presence of alkaline pH. ] Endod. 2010;36(11):1856-9.

Nomoto R, Komoriyama M, McCabe JF, Hirano S. Effect of mixing
method on the porosity of encapsulated glass ionomer cement. Dent
Mater. 2004;20(10):972-8.

Aminoshariae A, Hartwell GR, Moon PC. Placement of mineral
trioxide aggregate using two different techniques. ] Endod.
2003;29(10):679-82.

Please cite this paper as: Sahebi S, Sadatshojaee N, Jafari Z. Effect of
Different Mixing and Placement Methods on Compressive Strength

of Calcium-Enriched Mixture. Iran Endod J. 2015;10(2): 104-6.

I f] Iranian Endodontic Journal 2015;10(2): 104-106




