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Backgrounds: The degree of microleakage is one of the main criteria in evaluating the restorative materials such as glass ionomer (GI) 
restoratives, which are available in two forms: loose powder and liquid form to be hand-mixed or pre-proportioned in a capsule to be 
mixed mechanically.
Objectives: This study was conducted to compare the microleakage of encapsulated GI restoratives with their hand-mixed equivalent.
Materials and Methods: In this interventional (field trial) study, 40 extracted caries-free deciduous teeth were selected. After preparing 
class V cavities, teeth were divided into two groups. Cavities in group one were restored with encapsulated self-cured GI restorative (EQUIA, 
Fuji IX). In the second group, hand-mixed GI restoratives (Fuji IX) were used, which were prepared in accordance with the manufacturers’ 
recommended powder to liquid mixing ratios. After thermo cycling, the samples were immersed in 0.5% methylene blue solution for 12 
hours. Then, they were sectioned for examination under light microscope. Micro leakage of each restoration was evaluated by the depth 
scale of the dye penetration along the tooth-restoration interface.
Results: Statistical analysis by Mann-Whitney U test showed no significant difference in micro leakage between encapsulated GI 
restoratives and their hand-mixed equivalents (P < 0.05).
Conclusions: There was no difference between micro leakage of hand-mixed and encapsulated GIs and in case of following the 
manufacturer’s instruction and recommendations, hand-mixed GIs could be as efficient as their encapsulated equivalents.
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1. Background
The search for finding an ideal restorative material is 

still a challenge in dentistry. Thus, for each individual 
clinical situation, dentists must assess certain proper-
ties in order to find the most suitable material. Such 
properties include biocompatibility, adhesion to the 
tooth structure, absence of marginal leakage, wear and 
pressure resistance, fluoride release, setting and work-
ing time, facilities related to its manipulation, and fi-
nally the cost (1). Marginal leakage is a major drawback 
of filling materials, which can lead to recurrent caries (2, 
3). Efficient contact between filling material and tooth 
structure, marginal seal, is a critical factor in reducing 
the micro leakage (4).

Glass ionomer restoratives have some exclusive physi-
cal and chemical properties, which make them excellent 
dental restorative materials in pediatric dentistry. They 
have cariostatic function by providing a slow release of 
fluoride; they are biocompatible with pulpal tissue (5), 
and chemically bind to enamel, dentin, and cementum, 
thereby reduce the need for the retentive cavity prepara-
tion, which make them suitable materials for restoring 
cervical lesions (5, 6). These lesions usually have little or 

no enamel at the cervical margin and restorative materi-
als come into contact with cementum or dentine (7).

GIs are presented in two ways, i.e. as a powder and liq-
uid which are proportioned with a spoon and dropper 
and mixed by hand, and in capsules in which the powder 
and liquid are pre-proportioned and undergo mechani-
cal mixing (8). Hand-mixing has been reported to lead to 
operator-induced variability due to the inaccurate dis-
pensation of the powder and liquid constituents using 
scoop and dropper bottle systems. In using a scoop, the 
volume of the powder can vary depending on the powder 
packing density achieved on filling the scoop (9-11). Also 
dropper bottles usually dispense uncalibrated volumes 
of the liquid because of the variations in the angle of the 
bottle while holding and the pressure exerted to squeeze 
a drop (12). The variations in the powder to liquid mixing 
ratios (utilized in clinical practice) are further intensified 
when scoop and dropper bottle systems are not used, and 
the powder and liquid are mixed empirically by “eye” to 
the operators’ desired consistency. Therefore, the func-
tional properties normally associated with hand-mixed 
GIs prepared at the manufacturers’ recommended pow-
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der to liquid mixing ratios are rarely achieved in clinical 
practice (9-11). Dowling et al. reported that encapsulation 
produces consistent mixtures prepared to the manufac-
turers’ recommendation as the mixing technique and 
times are standardized; which results in better mechani-
cal properties (13).

2. Objectives
The present study aimed to compare the micro leakage 

of encapsulated GI restoratives with their hand-mixed 
equivalents for the range of powder to liquid mixing ra-
tios recommended by the manufacturers.

3. Materials and Methods
This study was conducted during winter of 2013-14. In 

this interventional (field trial) study, 40 extracted caries-
free deciduous teeth were selected. Residual tissues were 
removed gently by soft brush with particular attention to 
cervical portion of the teeth, to avoid removing of the cer-
vical cementum. The teeth were stored in distilled water 
for one month. The cavities were prepared on the buccal 
side of each tooth with 3 mm width, 2 mm height, and 
1.5 mm depth. No mechanical retention or bevels were 
placed. The occlusal margins of the cavities were placed 
in the enamel and the cervical margin was located in the 
cementum.

The depth of the cavities was controlled by a Michigan 
O periodontal probe with Williams markings, which has 
circumferential lines at 1, 2, and 3 mm. The teeth were 
randomly divided into two groups. In group one; cavities 
were restored with encapsulated self-cured glass iono-
mer (EQUIA, Fuji IX). The capsules were tapped to loosen 
the powder, activated for 2 seconds to rupture the mem-
brane separating the powder and liquid constituents, 
then placed into the capsule holder of amalgam mechan-
ical mixing machine (Shahid Faghihi amalgamator) cen-
trifuging for 10 seconds at 4000 rpm, in accordance with 
manufacturers’ instructions. The capsules were placed 
into a metal GC capsule applier and click to facilitate the 
extrusion of the GI restorative plastic mass. GI was insert-
ed in the cavities while still shiny. As soon as the cement 
began to lose its shiny appearance, pressure was applied 
with an amalgam packer.

In group two, cavities were restored with hand-mixed 
equivalents of the encapsulated GI restoratives (Fuji IX) 
which were prepared in accordance with the manufac-
turers’ recommendation; the powder to liquid ratio was 
3.6 g/1.0 g (1 level scoop of powder to 1 drop of liquid). The 
appropriate amount of GI liquid and powder was placed 
onto the glass-slab. The powder was separated into two 
equal parts; half was hand-mixed with the liquid for 10 
seconds, using a plastic spatula; the remainder added 
and hand-mixed for a further 20 s in accordance with 
the manufacturers’ instructions. Glass-slab, spatula and 
liquid bottle were kept at room temperature. GI was in-
serted in the cavities exactly the same manner as group 

one. In some recent studies, the effect of using coating in 
reducing the micro leakage was evaluated and concluded 
that application of unfilled resin as coating material re-
duces the micro leakage by filling surface porosities and 
cracks in addition to filling the gap between material and 
tooth structure (which is caused by setting shrinkage). 
Coating is also effective in protection of GIs against mois-
ture or desiccation (14-16).

Therefore, for better comparison between two forms of 
GIs and mainly evaluating the effects of mixing method, 
we refused to use unfilled resin, which is presented only 
in encapsulated GI package. During the GIs set, the teeth 
were stored in artificial saliva for one week at 37°C (17) 
and then thermo cycled 600 times between water baths 
held at 5ºC and 55ºC with a dwelling time of 30 seconds in 
each bath. Then, the root apices were sealed with wax in 
all teeth in order to prevent dye penetration through the 
pulp chamber. All samples were coated with two layers of 
nail varnish up to 1 mm border around the margin of the 
cavity. The teeth were immersed in 0.5% methylene blue 
solution for 12 hours at room temperature. After that, the 
samples were washed under tap water and embedded in 
acrylic resin.

They were sectioned longitudinally in a buccolingual 
direction by using a micro motor straight handpiece 
mounted with a rotating and water cooled diamond disc. 
The sections were examined under the light microscope 
(Zeiss) at × 30 magnification. The depth of penetration 
was recorded according to Table 1 (18). Data were analyzed 
statistically using the Mann-Whitney U tests. The level of 
significance was set at 0.05.

4. Results
Data collected from occlusal and gingival margin of 

each group were summarized and presented in Tables 2 
and 3. The majority of samples exhibited dye penetration 
along the tooth-restoration interface. Hand-mixed Fugi 
IX GIC showed a higher value of mean score of dye pene-
tration (1.6 ± 0.25 in occlusal margins, and 1.8 ± 0.23 in the 
gingival margin) than encapsulated Fugi IX GIC (1.1 ± 0.21 
in occlusal margin, and 1.6 ± 0.24 in the gingival margin). 
However, statistical analysis by Mann-Whitney U test re-
vealed no significant difference in microleakage between 
two groups, in occlusal margin (P = 0.137) and in gingival 
margin (P = 0.663), Table 2.

Table 1.  Dye Penetration Scale

Score Scale

0 No dye penetration

1 Dye penetration to enamel/cementum margin of the 
cavity

2 Dye penetration to dentin wall of the cavity

3 Dye penetration up to the floor of the cavity
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Table 2.  Micro Leakage Score Frequency for Encapsulated and 
Hand-Mixed GIC in Occlusal Margin a,b

GIC groups 0c 1 2 3

Capsulated GIC 30 40 20 10

Hand-mixed GIC 20 25 30 25
a Abbreviation: GIC, glass ionomer cement.
b Data are presented as %.
c Scale of dye penetration according to Table 1.

Table 3.  Microleakage Score Frequency for Encapsulated and 
Hand-Mixed GIs in Gingival Margin a,b

GIC groups 0c 1 2 3

Capsulated GIC 20 20 35 25

Hand-mixed GIC 15 20 35 30
a Abbreviation: GIC, glass ionomer cement.
b Data are presented as %.
c Scale of dye penetration according to Table 1.

Table 4.  Comparison of Mean Score of Dye Penetration Between 
Encapsulated Glass Ionomer Cement and Hand-Mixed Glass 
Ionomer Cement a,b

Hand-
mixed GIC

Capsulated 
GIC

P value

Dye penetration in 
occlusal margin

1.6 ± 0.25 1.1 ± 0.21 0.137

Dye penetration in 
gingival margin

1.8 ± 0.23 1.6 ± 0.24 0.663

a Abbreviation: GIC, glass ionomer cement.
b Data are presented as mean ± SD.

5. Discussion
In this study, 40 class V cavities were restored in two 

groups by encapsulated and hand-mixed GI restoratives 
and compared in terms of their microleakage. Encap-
sulated GI, in which preportioned powder and liquid 
are mixed mechanically, are not better than their hand-
mixed equivalents, in which powder and liquid are pro-
portioned with spoon and dropper and are mixed by 
spatula on glass-slab. The result of a number of studies 
indicated that hand-mixed GIs rarely lead to a satisfy-
ing outcome, because of empirical mixing the powder 
and liquid by ‘eye’ to the operators’ desired consistency 
instead of using the manufacturer’s recommended 
powder to liquid ratios (9-12). Therefore, hand-mixed ce-
ments prepared in clinical settings, have not shown ac-
ceptable properties in comparison with encapsulated 
GI, which might be the result of not following the manu-
facturer’s recommendation during mixing powder and 
liquid by hand.

The method of mixing is an important factor in achiev-
ing an effective contact between powder and liquid and 
finally a set material with low porosity. In more fluid ma-
terial, vigorous mechanical mixing results in more air 

inclusion, while hand-mixing leads to better mechanical 
properties and less porosity. Therefore, in material with 
less viscosity (luting GIs), slow hand-mixing is recom-
mended. In materials with higher viscosity (restorative 
GIs), method of mixing is not an important factor and in 
both methods, inclusion of large voids is not significant 
(19). In the hand-mixing procedures, some errors are un-
avoidable; errors such as using uncalibrated volume of 
liquid because of variation in the angle of bottle when it 
is hold and the pressure exerted to squeeze a drop, the 
powder packing density achieved on filling the scoop 
(9, 12) and glass-slab temperature. In the present study, 
it was concluded that by following the manufacturer’s 
general structures, these errors are negligible but con-
sidering the fact that clinicians mostly have a tendency 
toward using less powder/liquid ratio in order to achieve 
a less viscous material because of easier mixing and han-
dling, encapsulated GI might have some advantages at 
least for beginners.

In this study, hand-mixed GI was prepared and used 
within the first day after liquid bottle opening, but in 
clinical setting, the liquid in the bottle is used during a 
period of few months in which case the solvent is evapo-
rated and as a result, the properties of material could be 
altered. Encapsulation of GI might be a solution to this 
problem. Because, all factors were not evaluated in our 
survey, future studies are recommended to compare dif-
ferent brands of GI and in different viscosities. Also, 
gradual evaporation of solvent in liquid bottle of hand-
mixed GIs needs future investigation. It is also suggested 
that the effect of light-cured coating on microleakage be 
evaluated. There was no difference between microleak-
age of hand-mixed and encapsulated GIs and in case of 
following the manufacturer’s instruction and recom-
mendations, hand-mixed GIs could be as efficient as their 
encapsulated equivalents; however, using encapsulated 
GIs are more user-friendly in clinical settings.

Acknowledgements
The authors thank the Vice-Chancellor of Shiraz Uni-

versity of Medical Sciences for supporting this research 
(Grant No. 5931, 10th April, 2013). This manuscript is based 
on the thesis of Shiva Jafarian for partial fulfillment of 
DDS degree. The authors are also grateful to Dr. M. Vos-
soughi of the Dental Research Development Center, of 
the Dental School, for the statistical analysis.

Authors’ Contributions
Study concept and design: Hamid Moradian and Shiva 

Jafarian; acquisition of data: Shiva Jafarian; analysis and 
interpretation of data: Shiva Jafarian.

Funding/Support
This study was supported by grant No. 5931 from Shiraz 

University of Medical Sciences.



Moradian H et al.

Avicenna J Dent Res. 2014;6(2):e225064

References
1.       Ferreira Fde M, do Vale MP, Jansen WC, Paiva SM, Pordeus IA. 

Performance of Brazilian and imported glass ionomer cements 
used in Atraumatic Restorative Treatment (ART) regarding mi-
croleakage in primary molars. J Appl Oral Sci. 2006;14(5):312–8.

2.       Bergenholtz G, Cox CF, Loesche WJ, Syed SA. Bacterial leakage 
around dental restorations: its effect on the dental pulp. J Oral 
Pathol. 1982;11(6):439–50.

3.       Jang KT, Chung DH, Shin D, Garcia-Godoy F. Effect of eccentric 
load cycling on microleakage of Class V flowable and packable 
composite resin restorations. Oper Dent. 2001;26(6):603–8.

4.       Xie H, Zhang F, Wu Y, Chen C, Liu W. Dentine bond strength and 
microleakage of flowable composite, compomer and glass iono-
mer cement. Aust Dent J. 2008;53(4):325–31.

5.       Masih S, Thomas AM, Koshy G, Joshi JL. Comparative evaluation 
of the microleakage of two modified glass ionomer cements on 
primary molars. An in vivo study. J Indian Soc Pedod Prev Dent. 
2011;29(2):135–9.

6.       Matis BA, Cochran M, Carlson T. Longevity of glass-ionomer re-
storative materials: results of a 10-year evaluation. Quintessence 
Int. 1996;27(6):373–82.

7.       Powell LV, Gordon GE, Johnson GH. Clinical evaluation of direct 
esthetic restorations in cervical abrasion/erosion lesions: one-
year results. Quintessence Int. 1991;22(9):687–92.

8.       Mitchell CA, Orr JF, Russell MD. Capsulated versus hand-
mixed glass-ionomer luting cements for post retention. J Dent. 
1998;26(1):47–51.

9.       Billington RW, Williams JA, Pearson GJ. Variation in powder/liq-
uid ratio of a restorative glass-ionomer cement used in dental 
practice. Br Dent J. 1990;169(6):164–7.

10.       Fleming GJ, Marquis PM, Shortall AC. The influence of clinically 
induced variability on the distribution of compressive fracture 

strengths of a hand-mixed zinc phosphate dental cement. Dent 
Mater. 1999;15(2):87–97.

11.       Fleming GJ, Farooq AA, Barralet JE. Influence of powder/liquid 
mixing ratio on the performance of a restorative glass-ionomer 
dental cement. Biomaterials. 2003;24(23):4173–9.

12.       Eames WB, Monroe SD, Roan JD, Jr., O'Neal SJ. Proportioning and 
mixing of cements: a comparison of working times. Oper Dent. 
1977;2(3):97–104.

13.       Dowling AH, Fleming GJ. Are encapsulated anterior glass-ion-
omer restoratives better than their hand-mixed equivalents? J 
Dent. 2009;37(2):133–40.

14.       Lohbauer U, Kramer N, Siedschlag G, Schubert EW, Lauerer B, 
Muller FA, et al. Strength and wear resistance of a dental glass-
ionomer cement with a novel nanofilled resin coating. Am J Dent. 
2011;24(2):124–8.

15.       Magni E, Zhang L, Hickel R, Bossu M, Polimeni A, Ferrari M. 
SEM and microleakage evaluation of the marginal integrity of 
two types of class V restorations with or without the use of a 
light-curable coating material and of polishing. J Dent. 2008; 
36(11):885–91.

16.       Yu H, Li Q, Attin T, Wang Y. Protective effect of resin coating on 
the microleakage of Class V restorations following treatment 
with carbamide peroxide in vitro. Oper Dent. 2010;35(6):634–40.

17.       Cavalcanti AN, Lobo MM, Fontes CM, Liporoni P, Mathias P. Mi-
croleakage at the composite-repair interface: effect of different 
surface treatment methods. Oper Dent. 2005;30(1):113–7.

18.       Ghandehari M, Mighani G, Shahabi S, Chiniforush N, Shirmo-
hammadi Z. Comparison of Microleakage of Glass Ionomer 
Restoration in Primary Teeth Prepared by Er: YAG Laser and the 
Conventional Method. J Dent (Tehran). 2012;9(3):215–20.

19.       McKenna JE, Ray NJ, McKenna G, Burke FM. The effect of variabil-
ity in the powder/liquid ratio on the strength of zinc phosphate 
cement. Int J Dent. 2011;2011:679315.


