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Summary
This study evaluated and compared the setting time and handling properties of white mineral trioxide aggregate (WMTA) and calcium chloride

dihydrate (CaCl2•2H2O), when mixed with manuka honey, tualang honey, propolis and royal jelly. WMTA, CaCl2•2H2O and sterile water were

mixed with various bee products and the mixtures were immediately transferred to stainless steel ring moulds and placed on an electronic

weighing scale. Vertical load of 300-400 g was applied for 5 seconds to create indentations, which were examined under magnification and

setting time was then calculated. Handling properties were observed during mixing and transferring of materials. WMTA was mixed with

sterile water and this served as a negative control. WMTA mixed with CaCl2•2H2O and sterile water served as a positive control. Setting time

and handling properties of various groups were compared with the control groups.

In terms of setting time, tualang honey showed the best results with a setting time range of 17-20 minutes followed by manuka honey in

the range 29-36 minutes. Royal jelly was in the range of 76-86 minutes. Setting time with propolis mix was the highest being in the range of

125-152 minutes. Handling properties, which were compromised in both positive and negative control groups, were better with tualang honey,

manuka honey and propolis. Results of this study suggest that handling properties were enhanced on adding tualang honey and manuka

honey to WMTA and CaCl2•2H2O mix without a significant change in the setting time, as compared to the positive control.
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Introduction
The quest for an ideal endodontic repair material has led

researchers to extensively investigate various types of materials.

Mineral trioxide aggregate (MTA) is considered the material of

choice in pulp capping, pulpotomy, perforation repair and root-end

filling due to its favorable biocompatibility, good sealing ability and

its effectiveness in inducing hard tissue formation (Al-Kahtani et al.,

2005, Andelin et al., 2003, Ribeiro et al., 2006, Roberts et al., 2008,

Torabinejad et al., 1993). In spite of these desired properties, MTA

has a few disadvantages, which include prolonged setting time, poor

handling properties and limited antibacterial activity (Estrela et al.,

2000, Kogan et al., 2006, Torabinejad et al., 1995). When MTA is

mixed conventionally with sterile water, it becomes less manageable

due to its grainy and sandy consistency, which makes it difficult to be

delivered as well as compacted adequately in the area of interest

(Kogan et al., 2006).

As an attempt to decrease the prolonged setting time of MTA,

setting accelerators like calcium chloride (CaCl2) have been added,

and this has decreased its setting significantly (Wiltbank et al., 2007,

Kogan et al., 2006, Ber et al., 2007, Bortoluzzi et al., 2009).

However, the handling properties of this cement (mixed with CaCl2)

were found to be quite similar to the one, mixed with sterile water

alone (Kogan et al., 2006). Therefore, to make an MTA mix, which is

a more homogenous mix, it needs to be improved in its handling

properties.



Bee products like propolis, honey and royal jelly have been

used in traditional and complementary medicine for ages due to

their antibacterial properties (Grange and Davey, 1990, Fujiwara et

al., 1990, Gomez-Caravaca et al., 2006, Viuda-Martos et al., 2008).

Propolis is a natural, nontoxic, resinous substance collected by bees

from various plant sources (Marcucci, 1995, Burdock, 1998). Honey

is a natural product with a complex composition of carbohydrates,

proteins, amino acids, vitamins, water, minerals and enzymes, which

gives it a syrup like, thick consistency (White, 1979). Royal jelly,

secreted by worker honey bees, is mainly composed of water,

proteins, carbohydrates, lipids, vitamins, mineral salts and numerous

bioactive substances (Nagai and Inoue, 2004).

The antibacterial properties of bee products augmented with

their syrup like consistency made us consider them as additive for

MTA. The objective of this study was to use various bee products to

improve the handling properties of MTA, in addition to maintaining

the reduced setting time, achieved by the addition of CaCl2.

Materials and methods
This was an in vitro comparative experimental study, carried out in

School of Dental Sciences, Universiti Sains Malaysia.

Materials

Tooth coloured Pro Root WMTA (white mineral trioxide aggregate)

from Dentsply, USA was used in this study. Distilled sterile water

used for mixing of MTA, was in the micro-dose ampoule that was

provided along with Pro Root MTA. CaCl2•2H2O in the form of

granules (Merck, Darmstadt, Germany) was used. Specifications of

the manuka honey used in this study were “Active UMF®

10+” (Kordel, New Zealand). Tualang honey, a local Malaysian

honey produced by Asian rock bees (Apis dorsata), which build up

their hives high up in the Tualang trees (Koompassia excelsa) of rain

forests, was obtained from Agromas, The Federal Agriculture

Marketing Authority (FAMA), Malaysia. Propolis was obtained from B

-B products, Malaysia, and the royal jelly was purchased from

Vitagold, Malaysia.

Experimental design

The experiment was performed by dividing the materials into 6

groups, with each group containing WMTA mixed with sterile water

(conventional method), served as a negative control (Group 1) while

WMTA mixed with CaCl2•2H2O granules and sterile water served as

positive control (Group 2). Additives (bee products) were added

from Group 3 - Group 6. The details of each group are given below

and the concentration and volume of additives is shown in Table 1.

Group 1: 0.4 g WMTA + sterile water

Group 2: 0.4 g WMTA + 0.03 g CaCl2•2H2O+ sterile water

Group 3: 0.4 g WMTA + 0.03 g CaCl2•2H2O + sterile water

+ 0.05 g manuka honey

Group 4: 0.4 g WMTA + 0.03 g CaCl2•2H2O + sterile water + 0.03 g

tualang honey

Group 5: 0.4 g WMTA + 0.03 g CaCl2•2H2O + sterile water + 0.03 g

propolis

Group 6: 0.4 g WMTA + 0.03 g CaCl2•2H2O + sterile water + 0.07 g

royal jelly

The quantity of additives was varied according to the viscosity

of individual bee product, based on the best handling properties of

the mix.

Preparation of the samples

Stainless steel ring moulds of inner diameter 10 mm and thickness

2 mm were prepared (Kogan et al., 2006). WMTA, CaCl2•2H2O

granules, and the bee products were weighed in pre-weighed plastic

trays and divided into the above mentioned groups. Each mix was

prepared using a stainless steel cement spatula on a glazed silica tile

and was then immediately transferred into the ring moulds.

Observation of setting time and handling properties

The assembly, comprising of mould and test material, was placed on

an electronic weighing device (Precisa, Switzerland). A vertical load

of 300-400 g was applied at regular intervals using a condenser of

1.14 mm diameter to multiple areas on the surface of the mix for 5

seconds. Approximate setting time for each material was previously

calculated from a pilot study. Based on these setting times, the load

was applied at an interval of every 1 min in the range of + 5 min of

the previously calculated setting time. The indentations were

observed using magnifying loupes (2.5X) (Heine, Germany) and the

mix was defined to be set when no indentation was observed on the

surface after load application. Handling properties were observed

while mixing the cement. The experiment was carried out in

triplicate.

Statistical analysis

Data was computed and expressed as mean ± SD. One-way ANOVA

and post-hoc was used for analysing the data using SPSS version

12.0. p ≤ 0.05 was considered statistically significant.
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Groups Additives Concentration
(%)

Quantity
(g)

G3 Manuka honey 12.5 0.05

G4 Tualang honey 7.5 0.03

G5 Propolis 7.5 0.03

G6 Royal jelly 17.5 0.07

Table1. Concentration and quantity of bee products added to WMTA

and CaCl2•2H2O mix



Results
Among all of the bee products used in this study, tualang honey

showed the best results with a setting time range of 17-20 minutes,

followed by manuka honey with a setting time range of 29-36

minutes. Royal jelly was in the range of 76-86 minutes, which was in

between the positive and negative control values. Propolis mix was

the last to set, thus giving the highest setting time in the range of

125-152 minutes. Results of handling properties which were found

to be compromised in both positive and negative control groups,

were improved with tualang honey, manuka honey and propolis,

but, there was no difference with royal jelly.

Discussion
Although many studies have been performed to enhance MTA

properties, not much has been achieved in the past to overcome the

few drawbacks associated with its handling and usage. The aim of

this study was to improve the handling properties of WMTA without

reducing the setting time (that was improved by addition of

CaCl2•2H2O) when compared to the positive control. To the best of

our knowledge, no study has yet been found to use bee products as

additives to dental cement. Different additives produced a wide

range of setting times and handling properties. Setting time range

and p value are shown in Figure 1 and Table 2 respectively. It was

desirable to get the setting time range close to the positive control

(i.e. Group 2, which had a reduced setting time due to addition of

accelerator, CaCl2•2H2O). This would mean, to have a setting time

with no statistically significant difference from this positive control, or

to have a statistically significant difference, when compared to

negative control (i.e. Group 1, which had an increased setting time,
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Table 2 Table showing the association of setting time among different groups

Material (I) Material (J) 95% Confidence Interval p value

Lower bound Upper bound

M+W (-ve control) M+C+W 110.65 160.01 0.000

M+C+MH 89.99 139.34 0.000

M+C+TH 103.32 152.68 0.000

M+C+P -13.68 35.68 1.000

M+C+R 48.32 97.68 0.000

M+C+W (+ve control) M+C+MH -45.34 4.01 0.150

M+C+TH -32.01 17.34 1.000

M+C+P -149.01 -99.65 0.000

M+C+R -87.01 -37.65 0.000

M+C+MH M+C+TH -11.34 38.01 1.000

M+C+P -128.34 -78.99 0.000

M+C+R -66.34 -16.99 0.001

M+C+TH M+C+P -141.68 -92.32 0.000

M+C+R -79.68 -30.32 0.000

M+C+P M+C+R 37.32 86.68 0.000

M- WMTA, C- CaCl2•2H2O, W- Sterile water, MH- Manuka honey,TH- Tualang honey, P- Propolis, R-Royal jelly

M+W M+C+W M+C+MH M+C+TH M+C+P M+C+R
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Fig. 1. Stem leaf plot showing setting time variation in each group.

M- WMTA, C- CaCl2•2H2O, W- Sterile water, MH- Manuka honey,TH-

Tualang honey, P- Propolis, R-Royal jelly



as no accelerator was added) thus, suggesting a reduced setting

time range.

In Group 1, where WMTA was mixed using sterile water

(negative control), setting time of WMTA was found to be in the

range of 148 -151 min. This observation was similar to a previous

study, where MTA was mixed using sterile water, and the setting

time was found to be in the range of 150-165 min (Torabinejad et

al., 1995).

In Group 2, WMTA was mixed with CaCl2•2H2O and water, and

the setting time was found to be in the range of 10-12 min. This

was lesser when compared to the setting time of WMTA and CaCl2

in a previous study which was in a range of 25-50 min (Kogan et al.,

2006). This faster setting might be attributed to the type of calcium

chloride used in this study. This formulation of calcium chloride was

chosen due to its hygroscopic nature, which provides adequate time

for the weighing of granules before adding them to MTA powder (as

being hygroscopic they would not absorb water, which otherwise

could lead to change in their state and also may cause an error in

their weight). The handling properties for group 1 and 2 were found

to be similar, i.e. grainy and non-homogenous.

The mix in Groups 3 and 4 was of more homogenous

consistency, having improved handling properties. Here the setting

time was found to be significantly reduced, as compared to the

negative control, while there was no significant difference found

when they were compared with the positive control, indicating that

the setting time of these two groups was almost similar to group 2,

which was desirable. Thus, these two groups could maintain the

reduced setting time of accelerated MTA. This might be attributed to

the viscous consistency of honey (Garcia et al., 2005, Garcia et al.,

2008, Nicosia and Robbins, 2007).

Manuka honey has good antibacterial properties and has been

used widely in wound healing, peptic ulcers and bacterial gastro-

enteritis (English et al., 2004, Molan and Betts, 2004). It has also

been shown that it can inhibit the growth of cariogenic bacteria.

Tualang honey also has been found to exhibit acceptable

antimicrobial activities against various microorganisms (Tan et al.,

2009).The wide range of antibacterial properties exhibited by both

types of honey might suggest their use as an additional benefit to

the limited antibacterial activity of MTA.

Propolis was chosen in this study due to its desired properties

in stimulating reparative dentin formation and its anticariogenic

potential (Hayacibara et al., 2005, Sabir et al., 2005). In group 5,

where WMTA was mixed with distilled water, CaCl2•2H2O and

propolis, although gave a homogenous mix, the setting time range

was increased to 125-152 min (when compared with the positive

control). This was not found to be significantly different from the

negative control and thus not desirable.

Royal jelly, which is another bee product with viscous

consistency and known antibacterial properties (Fujiwara et al.,

1990), has been used in this study to compare with the performance

of other bee products. In Group 6, where WMTA was mixed using

distilled water, CaCl2•2H2O and royal jelly, the mix obtained was not

found to be homogenous and the setting time was in a range of 60-

86 min. This time range was lesser than the group using propolis, but

a statistically significant difference was observed when the values

were compared with either the positive or the negative control

groups. The setting time values were much lower than negative

control and much higher than the positive control group.

Thus, from our results we find that the best combination of

setting time and handling properties was seen when MTA was mixed

with CaCl2•2H2O tualang or manuka honey. Hence, our study was

able to find an adjunct additive for mixing MTA and CaCl2•2H2O,

which could enhance its handling properties without increasing the

setting time, thus making the material more convenient to be applied

and condensed by operators. Currently we are studying the

antibacterial and cytotoxic properties of this mix.

Conclusion

To conclude, the handling properties of WMTA mixed with setting

accelerators like calcium chloride dihydrate can be enhanced by using

various types of honey without compromising the reduced setting

time. However, further studies are required to evaluate their use

clinically.
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