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ABSTRACT
Numerous restorative materials have been used in dentistry to achieve adequate strength as well as esthetics. Dental amalgam has been used
for decades now, owing to its superior mechanical properties, but it is unesthetic. Composites, on the other hand, are esthetic but exhibit
polymerization shrinkage and microleakage. To overcome all these drawbacks, a new restorative material, Zirconomer has been introduced.
The aim is to evaluate and compare the fracture resistance of conventional posterior restorative materials, dental amalgam, and bulk-fill
composite with a novel posterior restorative material Zirconomer. A total of 15 pellets, 5 pellets of each of the 3 groups, were fabricated using
a stainless-steel die with the required specifications. Group 1 - dental amalgam, Group 2 - Zirconomer, and Group 3 - bulk fill composite. All
the samples were subjected to compression testing using a universal testing machine, and the values were obtained. Statistical analysis with
one-way ANOVA was done. Composite resin (bulk fill) can withstand higher compressive stress (statistically significant) when compared to
dental amalgam and Zirconomer. The difference in compressive stress that Zirconomer can withstand when compared to dental amalgam is
statistically insignificant. Zirconomer can be used as a potential posterior restorative material of choice.
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Introduction
Through decades now, amalgam has been used as a posterior
restorative material. However, when patients became more esthetic
conscious, silicates and dimethacrylate materials were put to use.
Silicate cement, owing to their poor mechanical properties, were
used only in anterior teeth and overall also had a high failure rate.
Composite resins were then introduced to over the disadvantages of
the other cement.[1] On the other hand, glass ionomer cement (GICs)
have been used in dentistry for over the past 3 decades. The material
has a diverse group of applications including luting, restorative, and
sealants. However, owing to its poor tensile and compressive strength,
GIC is not advised to be used as a posterior restorative material.[2,3]
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Compressive strength testing is carried out to compare materials
which are brittle and generally weak in tension such as amalgam,
cement, or composite resins. Composite resins are improving every
day because of their chemical ingredients, bonding ability, conservative
preparation, preservation of tooth structure, and esthetics. In anterior
teeth, composite resins are the materials of choice due to their superior
esthetics, but in the posterior region, composite resins should have
good mechanical properties including having a compressive strength
equal to or more than tooth to resist the masticatory forces.[1,2,4] Many
researchers have been undertaken to evaluate the compressive strength
of the different restorative materials. A restorative material with lower
compressive strength than tooth tends to fail, fracture and it ends with
periodontal problems or extraction of the broken tooth.[5,6] The studies
in this area showed different results. In some studies, amalgam showed
the highest compressive strength,[4] but in some of the composite resins
had the higher strength;[2] however, some have shown no significant
difference between amalgam and composite resin. Furthermore, the
compressive strength has changed with time of evaluation.[6-13]
Numerous restorative materials have been used in dentistry to achieve
adequate strength as well as esthetics. Dental amalgam has been
used for decades now, owing to its superior mechanical properties,
but it is unesthetic. Composites, on the other hand, are esthetic
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but exhibit polymerization shrinkage and microleakage. GIC is not
recommended as a posterior restorative material owing to its poor
mechanical properties. To overcome all these drawbacks, a new
restorative material, Zirconomer has been introduced. Zirconomer
is a new class of restorative GIC that claims to have the strength and
durability of amalgam and the protective benefits if glass ionomer and
thus completely eliminating mercury hazards as well issues related to
polymerization shrinkage.[14] The aim of this study is to evaluate and

Figure 1: Group 1: Amalgam

compare the fracture resistance of conventional posterior restorative
materials, dental amalgam, and bulk fill composite with a novel
posterior restorative material Zirconomer.

Materials and Methods
A total of 15 pellets, 5 pellets of each of the 3 groups, were fabricated
using a stainless-steel die andTeflon die with the required specifications

Figure 4: Stainless steel and Teflon Dies

Figure 2: Group 2: Composite

Figure 5: Placement of test material in universal testing machine

Figure 3: Group 3: Zirconomer

Figure 6: Fracture of material after compression testing
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Graph 1: Depicting difference in compressive strength between the groups
Table 1: Average load and displacement of each group
Figure 7: Fractured particles of amalgam

Composite
Dental Amalgam
Composite
Zirconomer

Average load (kN)
6.680
3.655
5.450

Average displacement (mm)
1.4
0.3
0.6

Table 2: Mean compressive strength (P<0.05
statistically significant)
Material
Composite
Dental amalgam
Zirconomer

Mean compressive stress (MPa)
147.29±21.11
90.4±11.45
96.08±13.24

P
0.03*
0.75
0.66

SD: Standard deviation

Results

Figure 8: Fractured particles of composite

Group 1 - Composite resin showed the highest average compressive
strength values (147.29 MP). It is a more ductile material, hence
fractures in a more longitudinal direction exhibiting a polished
and laminated surface as depicted in Figure 7. Group 2 - dental
amalgam showed the least compressive strength of the three materials
(90.41 MPa). It is a brittle material but fractured in a longitudinal
section exhibiting a fine-grained surface as depicted in Figure 8.
Group 3 - Zirconomer showed a higher compressive strength than
amalgam (96.08 MPa), but the values were not statistically significant.
It fractured into grainy power exhibiting its brittle nature depicted
in Figure 9.

Statistics
One-way Anova test was carried to find statistical difference between the 3
groups. Table 1 depicts the average load and displacement of each group. The
mean and p values are given in Table 2.

Figure 9: Fractured particles of Zirconomer

according to American standard for testing and materials
[Figure 1]; Group 1 - dental amalgam, Group 2 – bulk-fill
composite, and Group 3 - Zirconomer. All the samples were
subjected to compression testing [Figures 2-4 & Graph 1] using a
universal testing machine, and the values were obtained
[Figures 5-6]. Statistical analysis with one-way ANOVA was done.

Discussion
With the evolutionary development of filling materials, there is an
ever-increasing need for better tooth-colored restorative materials
to replace missing tooth structure and to modify tooth color and
contour, thus enhancing facial esthetics.[14] During the past few
decades, the increasing demand for esthetic dentistry has led to the
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development of resin composite materials for direct restorations with
improved physical and mechanical properties, esthetics and durability.
Dental amalgam has been used as a posterior restorative material
for decades. But owing to its color and extensive tooth preparation,
its popularity has come down. Many hybrids of materials such as
composite, GIC, and amalgam alloy (miracle mix) have also been
used in clinical practice.[15-18] But none have shown good mechanical
properties so as to be used as a posterior restorative material
successfully. Zirconomer is a novel zirconia reinforced restorative
material that claims to have properties of amalgam and is esthetically
more acceptable.The zirconia particles that have been included in the
glass component of Zirconomer reinforces the structural integrity of
the restoration and imparts superior mechanical properties for the
restoration of posterior load-bearing areas where the conventional
restorative of choice is amalgam.[19] According to the manufacturer,
Zirconomer is developed to exhibit strength that is consistent
with amalgam, through a rigorous manufacturing technique. The
glass component of this high-strength glass ionomer undergoes
finely controlled micronization to achieve optimum particle size
and characteristics.[20] The homogeneous incorporation of zirconia
particles in the glass component further reinforces the material for
lasting durability and high tolerance to occlusal load.The polyalkenoic
acid and the glass components have been specially processed to impart
superior mechanical and handling qualities to this high-strength glass
ionomer.[20-25]
In the present study, composite resin (bulk fill) can withstand higher
compressive stress (statistically significant) when compared to dental
amalgam and Zirconomer. The difference in compressive stress that
Zirconomer can withstand when compared to dental amalgam is
statistically insignificant.

Pediatr Dent 2012;5:101-7.
4.

Van Noort R. Introduction to Dental Material. USA: Mosby; 2007. p. 48,
99-126.

5.

Powers JM, Sakaguci RL. Craig’s Restorative Dental Materials. USA: Mosby;
2006. p. 64-5, 189-213.

6.

Cho GC, Kaneko LM, Donovan TE, White SN. Diametral and compressive
strength of dental core materials. J Prosthet Dent 1999;82:272-6.

7.

Combe EC, Shaglof A, Watts DC, Wilson NH. Mechanical properties of direct
core build up materials. Dent Mater 1999;15:158-65.

8.

O’Brien WJ. Dental Materials and Their Selection. 3rd ed. USA: Quintessence
Books; 2002. p. 378-81.

9.

Piwowarczyk A, Ottl P, Lauer HC, Büchler A. Laboratory strength of
glass ionomer cement, compomers, and resin composites. J Prosthodont
2002;11:86-91.

10.

Da Fonte Porto Carreiro A, Dos Santos Cruz CA, Vergani CE. Hardness and
compressive strength of indirect composite resins: Effects of immersion in
distilled water. J Oral Rehabil 2004;31:1085-9.

11.

Gömeç Y, Dörter C, Dabanoglu A, Koray F. Effect of resin-based material
combination on the compressive and the flexural strength. J Oral Rehabil
2005;32:122-7.

12.

Huget EF. Resin composites for foundation restorations. J Tenn Dent Assoc
1999;79:44-6.

13.

Wang L, D’Alpino PH, Lopes LG, Pereira JC. Mechanical properties of dental
restorative materials: Relative contribution of laboratory tests. J Appl Oral Sci
2003;11:162-7.
Anusavice KJ. Philips Science of Dental Materials. 10th ed., Vol. 10.
Philadelphia, PA: W. B. Saunders Company; 1996. p. 134-6.

15.

el-Kalla IH, García-Godoy F. Mechanical properties of compomer restorative
materials. Oper Dent 1999;24:2-8.

16.

Brosh T, Ganor Y, Belov I, Pilo R. Analysis of strength properties of light-cured
resin composites. Dent Mater 1999;15:174-9.

17.

Wilson AD, Kent BE. A new transparent cement for dentistry. The glass
ionomer cement. Br Dent J 1972;132:133-5.

More studies need to be conducted with more number of samples
and on tooth models to achieve a more accurate result.

18.

Moncada G, Fernández E, Martín J, Arancibia C, Mjör IA, Gordan VV.
Increasing the longevity of restorations by minimal intervention: A two-year
clinical trial. Oper Dent 2008;33:258-64.

Conclusion

19.

Prabhakar AR, Kalimireddy P, Yavagal C, Sugandhan S. Assessment of the
clinical performance of zirconia infused glass ionomer cement: An in vivo study.
Int J Oral Health Sci 2015;5:74-9.

20.

Haragopal S, Sreeramulu B, Shalini K, Sudha MD, Kiran G. Zirconia: A credible
restorative material-A review. Ann Essences Dent 2012;4:63-5.

21.

Khamverdi Z, Moshiri Z. Zirconia: An up-to-date literature review. Avicenna J
Dent Res 2012;4:1-15.

22.

Gu YW, Yap AU, Cheang P, Khor KA. Effects of incorporation of HA/ZrO(2)
into glass ionomer cement (GIC). Biomaterials 2005;26:713-20.

Under the limitations of our study, the compressive strength of
Zirconomer was significantly lesser than bulk-fill composite resin and
similar to that of dental amalgam. Thus, Zirconomer can be used as
a potential posterior restorative material of choice.
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