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Abstract One of the most important problems in

dentistry is the microleakage, whether apical or

coronal, which may cause failure of root canal therapy.

The aim of this study is to prepare suitable sealer to

decrease the microleakage of the root canals as well as

having good antibacterial property. Pure ZnO and

ZnO:Ag nanopowders were synthesized via sol gel

method using gelatin as polymerization agent calcined

at different temperatures of 500, 600, and 700 �C for

8 h. The prepared samples were characterized using

X-ray diffraction and transition electron microscopy.

The microleakage and antibacterial properties of the

prepared samples were investigated and compared

with zinc oxide eugenol (ZOE) and epoxy resin sealer

(AH26), which are commonly used in dentistry as

sealers. The results showed that the synthesized pure

ZnO and ZnO:Ag nanopowders exhibit better micro-

leakage and antibacterial properties in comparison

with ZOE and AH26 sealers, and therefore are more

suitable filling materials to be used as sealer in root

canal treatment.

Keywords ZnO:Ag nanopowders � Sol–gel �
Sealer � Microleakage � Antibacterial � Zinc

oxide eugenol � AH26

Introduction

ZnO is a safe material which has been used widely in

biomedical applications such as cancer treatment

(Cory et al. 2008; Nair et al. 2009) and DNA detection

(Nitin et al. 2006). Although, ZnO has interesting

antibacterial properties (Applerot et al. 2009; Li et al.

2007; Zhang et al. 2008) which can be enhanced by

doping some elements such as Ni and Co in ZnO

matrix (Moribe et al. 2007; Nair et al. 2011); ZnO

nanostructures show better antibacterial properties due

to their surface enhancement. Different methods have

been used for the synthesis of nanomaterials including

solvothermal and hydrothermal (Balucani et al. 2011;

Hao et al. 2012; Razali et al. 2011), chemical vapor

deposition (CVD), laser ablation, oxidation process,

precipitation, gel-combustion, and sol–gel (Chandr-

appa et al. 2010; Gui et al. 2006; Khorsand Zak et al.

2011; Yousefi et al. 2010, 2011a, b; Zak et al. 2011a, b;

Zamiri et al. 2012).
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As mentioned earlier, in comparison with ZnO,

ZnO:Ag shows better antibacterial activity (Karu-

nakaran et al. 2010; Matei et al. 2008) which can be

used as sealer for dental applications. In dentistry,

root canal microleakage is a big clinical problem,

whether apical or coronal, which may cause failure

of root canal therapy (Dow and Ingle 1955; Madison

and Wilcox 1988). Therefore, an endodontic sealer

must have good sealing ability (Branstetter and von

Fraunhofer 1982). It has been reported that using

zinc oxide can decrease the root canal leakage

(Camps et al. 2004). Later, Takatsuka et al. (2005)

found that the toothpaste with zinc is statistically

significant, 49 % greater inhibitory efficacy on

dentin demineralization over the control. This is

important in both static and dynamic situations,

because a sealer must eliminate any space which

allows penetration of fluid between the filling

materials and walls of the root canals (ØRstavik

et al. 1983). Wong et al. (2011) used casein

phosphopeptide–amorphous calcium phosphate

(CPP–ACP) to determine its effect on the physical

properties of two commercially available zinc oxide

non-eugenol temporary luting cements. They found

that the compressive and diametral tensile strengths

progressively decrease with increasing the concen-

trations of CPP–ACP up to 8.0 % (w/w). The

leakage along the root canal fillings may increase

or decrease with time. Dissolution of the sealer can

increase the leakage (Wu et al. 2000a), whereas

swelling of gutta-percha may decrease it in the root

canal (Wu et al. 1994). Physical and chemical

properties of the sealers such as the thickness,

microleakage, and antibacterial properties can also

play an important role in sealing of the root canals

(Wu et al. 2000b).

In this work, ZnO nanopowders were synthesized

and characterized to be used as sealer in the root canal

treatments. Nanoparticles are able to diffuse in the root

bone which results in the decrease of the root canal

leakage. In order to increase the antibacterial proper-

ties of ZnO nanopowders, silver was added into the

ZnO matrix. ZnO and ZnO:Ag nanopowders were

prepared by a modified sol–gel method. The antibac-

terial activity and the apical leakage of the roots

obturated with gutta-percha filled with synthesized

nano-sized zinc oxide eugenol (ZOE) sealer, epoxy

resin sealer (AH26), and micro-sized ZOE sealer were

investigated and compared.

Materials and method

Synthesis of ZnO and ZnO:Ag nanoparticles

To synthesize 5 g of the final product, first a solution of

gelatin (type B from bovine skin, Sigma Aldrich) was

prepared by dissolving 10 g gelatin in 150 ml deionized

water at 60 �C. Then, appropriate amounts of zinc

nitrate (Zn(NO3)2�6H2O, Merck 99%) and silver nitrate

(AgNO3, Merck %99) were dissolved in a minimum

volume of deionized water at room temperature. The

amounts of zinc and silver nitrates were chosen

according to Zn1-xAgxO (x = 0, 0.01, and 0.03)

formula considering 5 g of the final product for each

compound. The two prepared solutions were then mixed

and stirred for 8 h while the temperature was kept at

80 �C. This process was performed for x = 0, 0.01, and

0.03 to achieve the brown resins. The role of gelatin is to

terminate the nanoparticles growth, due to the cation

mobility limitation in the presence of gelatin (Khorsand

Zak et al. 2012). Ag? needs one electron to be reduced to

Ag in which the electron is obtained from the gelatin.

Therefore, gelatin plays as a reducing agent for Ag?

(Darroudi et al. 2012). The reactions are as follows:

Zn2þ þ O2�
gelatin �!Calcination

ZnOþ CO2 þ NO2 þ � � �

Agþ þ e�gelatin �!
80 �C

Ag

Finally, the prepared resin of the pure sample was

calcined at different temperatures of 500, 600, and

700 �C in which the pure ZnO nanopowders were

obtained. Also, ZnO:Ag nanopowders with 1 and 3 %

Ag were produced at 700 �C calcination temperature.

Sample preparation for microleakage measuring

In this study, 56 single-rooted anterior teeth were

selected. All the roots were cross-sectioned at the

cemento-enamel junction (CEJ) by a carborundum disk

(Brasseler USA, Savannah, GA), then a #10 K-file

(Dentsply Maillefer, Ballaigues, Switzerland) was

placed in the canal until visible at the apex and pulled

back 1 mm to determine the working length. Instrumen-

tation of all teeth was performed using stainless steel

K-files. The root canal system was instrumented by a

step back technique using hand files (Densply, Maillefer,

Switzerland). All the samples were prepared to an ISO

size 35. Irrigation was performed using 1 ml of 5.25 %

Page 2 of 8 J Nanopart Res (2013) 15:1925

123



NaOCl between each file. After that, a #15 file was used

to maintain a patent apex. On completion of instrumen-

tation, the specimens were randomly divided into seven

groups consisting eight teeth in each group. In all groups,

the smear layer was removed using 1 ml 17 % EDTA

(Ariadent, Asia Chemi Teb, Tehran, Iran) for 1 min,

followed by 3 ml of 5.25 % NaOCl and the canals were

finally flushed with 5 ml normal saline. The root canals

were dried with paper points before obturation. The first

group was filled with gutta-percha using AH26 (Dents-

ply, DeTrey, Konstanz, Germany) as a sealer cement

with the lateral condensation technique, according to the

manufacturer’s instruction. Five groups were filled with

the prepared pure ZnO and ZnO:Ag nanopowders and

the last group was filled with ZOE sealer (zinc oxide

eugenol micro-powder, Pulp Dent, Watertown’s, MA,

USA). To allow the material to be set, all the roots were

stored at 100 % humidity and 37 �C environment for 3,

45, and 90 days in an incubator. Then, each tooth was

placed in a device for measuring its microleakage using

fluid transport process, designed by Derkson et al.

(1986). The method of Wu and Wesselink (Wu et al.

1995) was used for restorative material leakage and later

adapted for endodontic studies.

Measurement of microleakage

The leakage measuring system used in this study is

based on the evaluation of fluid transport in the

specimen (Mahera et al. 2009), calculated from the

bubble movement, shown in Fig. 1. An oxygen tank

equipped with a monometer was used to apply

pressure on the fluid to make it pass through the

specimen and hence move the bubble. All the

connections of the system were smeared with

cyanoacrylate glue (Inter Lock, Japan) and covered

by multiple layers of parafilm strips (Parafilm ‘‘M’’;

Laboratory Film, Chicago, IL, USA). This strip

seals the connections of the tubes which ensure

having impervious connections. This system had

two parts; the first part contains the tubes, micro-

pipette, pipes, and the tooth sample that transfer

pressure to the specimen and the second part

includes a recorder for recording the fluid transport,

Fig. 1. The camera was adjusted in micrograph to

take a precise picture from a short distance. The

control faucet was opened to the tooth and the

syringe was removed from the pass. Now, only the

tooth and the fluid filtration system were connected.

The main faucet of the oxygen tank was then

opened. The pressure had previously been adjusted,

since it must be kept constant during all steps of the

experiment. We waited 30 s to attain a balance in

the system, and then the first picture of the bubble

position in the micropipette was taken. Four

subsequent pictures were taken at 2 min intervals

(2, 4, 6, and 8 min), after taking the first one. The

same steps were repeated for the other samples.

Fig. 1 Schematic view of

the designed fluid filtration

system for measuring

microleakage
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Then, the samples were placed in the incubator for

3 days, 1.5 and 3 months, after which the same

steps were carried out for all of them. The mean

displacement of the bubble per minute was calcu-

lated and the longitudinal displacement of the

bubble was converted into the volume of fluid

passing through the samples, showing it in terms of

ll/min/cm H2O.

Measurement of antibacterial activity

The blood agar culture medium was used for Entero-

coccus Faceless bacteria susceptibility test. First, the

medium was made and sterilized according to the

manufacturer’s instruction and then divided in petri

dishes. After that, four holes with 6 mm diameter were

made in each petri dish. A swap was inserted in

Fig. 2 X-ray diffraction (XRD) patterns of: a pure ZnO nanoparticles prepared at three different calcination temperatures and b pure

ZnO and ZnO:Ag nanoparticles prepared at 700 �C

Fig. 3 TEM images of: a pure ZnO, b ZnO:1 % Ag, and c doped ZnO:3 % Ag nanoparticles calcined at 700 �C with average particle

sizes of 63, 78, and 88 nm, respectively
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microbial located and moved to the medium surface

along two perpendicular directions. Certain amounts

of pure ZnO nanoparticles calcined at 500, 600, and

700 �C, ZnO:1 % Ag and ZnO:3 % Ag calcined at

700 �C, and also, ZnO micropowders were poured into

each petri’s hole. Each petri was held at room

temperature for 2 h, and then incubated at 35 �C.

The petri dishes were removed from the incubator

after 24, 48, and 72 h and the diameter of inhibition

growth zones was measured by a special ruler. The

mean zone diameters between all groups were com-

pared using Kruskal–Wallis and the subsequent

Mann–Whitney tests.

Results and discussion

X-ray diffraction and TEM analysis

Figure 2a shows X-ray diffraction (XRD) patterns of

pure ZnO nanopowders synthesized at 500, 600, and

700 �C calcination temperatures. All the diffraction

peaks are related to the hexagonal structure of ZnO.

There is no extra diffraction peak detected corresponding

to impurities or other compounds. In Fig. 2b the peaks

corresponding to the metallic phase of silver confirm the

existence of the silver element in the ZnO matrix. As

mentioned earlier, Ag? obtains one electron from the

gelatin and reduces to Ag. Since, it is not easy for Ag

atoms to diffuse into the ZnO matrix, during the

calculation process, ZnO:Ag composite is formed. Tran-

sition electron microscopy (TEM) images and the

corresponding particle size histograms of pure ZnO and

ZnO:Ag nanopowders calcined at 700 �C are shown in

Fig. 3. The average size of the nanoparticles is found to

be about 63, 78, and 88 nm for pure ZnO and for 1 % and

3 % ZnO:Ag nanopowders, respectively. The crystallite

size of the samples was calculated using Scherrer

equation ðD ¼ Kk
b cos hÞ, where K is the shape factor

equal to 0.98 and b is the FWHM of the diffraction

peak used in our calculation. The crystallite size of the

pure ZnO and for 1 and 3 % ZnO:Ag nanopowders

were obtained to be 31, 38, and 45 nm, respectively.

Microleakage and antibacterial results

The microleakage measurement of the synthesized

nanopowders and also the conventional ZOE and
Fig. 4 a The mean microleakage and b microleakage of pure

and ZnO:Ag nanoparticles and ZOE in comparison with AH26

(p \ 0.05)

Fig. 5 The ZnO

nanoparticles are able to

diffuse in the bone, as shown

by arrows, and therefore can

fill the holes and calk of the

pores better than ZOE
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AH26 sealers were performed after 3, 45, and 90 days

to check the stability of their sealing property. The

results that are shown in Fig. 4a indicate that the ZnO

and ZnO:Ag nanopowders prepared at different cal-

cination temperatures exhibit less microleakage than

ZOE and AH26. The maximum microleakage belongs

to ZnO:3 % Ag nanopowders calcined at 700 �C;

whereas, the minimum is attributed to the pure ZnO

calcined at 500 �C. Therefore, the microleakage of the

ZnO nanopowder has increased by adding Ag, because

of the bigger size of ZnO:Ag nanoparticles. One can

conclude that the root canal can be sealed better using

smaller nanopowders. As mentioned earlier, the ZnO

nanoparticles are able to diffuse into the root bone due

to their small size leading to better calk of the pores,

Fig. 5. Figure 4b shows the value of the microleakage

differences between AH26 and our synthesized nano-

powders, revealing that all groups have remarkable

leakage much different from ZOE common sealer. The

significant of p value should be: p \ 0.05 (Ann

Ximenez-Fyvie et al. 1996). It was observed that the

samples calcined at 500 and 600 �C show significant

p-value results. The obtained results are presented and

compared with the others in Table 1.

As shown in Fig. 6 the antibacterial activity of pure

ZnO nanopowders decreases with increasing the

calcination temperature. This can be related to the

increase of the particle size of ZnO nanopowders at

higher calcination temperature, since the effective

surface area of ZnO nanopowders decreases with the

particle size growth (Amornpitoksuk et al. 2011). As

expected, the presence of Ag has slightly enhanced the

antibacterial effect of ZnO nanopowders, due to the

antibacterial property of Ag. The results show that the

synthesized pure ZnO and ZnO:Ag samples in this

research clearly have better antibacterial properties, in

comparison with ZOE conventional sealer.

Conclusions

The pure ZnO and ZnO:Ag nanopowders were

synthesized via a sol–gel method in order to be used

it as sealer for dental applications. The structure,

particle size, microleakage, and antibacterial activity

of the prepared samples were investigated and com-

pared. It can be concluded that the prepared ZnO and

ZnO:Ag nanopowders have a leakage less than the

standard gutta-percha (AH26) and ZOE which are

commonly used as root filling materials. Considering

Table 1 The p-value results of the synthesized samples of this

work in comparison with some other works

Materials and

methods

p-value Time

(day)

References

Thermafil 0.1 – Rajeswari et al.

(2007)Obtura 0.21

AH26 0.75 60 Shantiaee et al.

(2011)

AH26 and ZOE 0.45 3 Present work

0.75 45

1.0 90

ZnO—500 �C 0.01 3

0.01 45

0.01 90

ZnO—600 �C 0.02 3

0.03 45

0.04 90

ZnO—700 �C 0.04 3

0.07 45

0.09 90

ZnO:1 % Ag—700 �C 0.08 3

0.12 45

0.15 90

ZnO:3 % Ag—700 �C 0.15 3

0.30 45

0.40 90

Fig. 6 The antibacterial activity of the synthesized pure and

ZnO:Ag nanoparticles compared with ZOE

Page 6 of 8 J Nanopart Res (2013) 15:1925

123



the better antibacterial properties of the ZnO and

ZnO:Ag, the use of these materials might be more

efficient in endodontic treatments. However, further

ex vivo and in vivo studies are needed to assess the

other properties of these new materials.
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