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ABSTRACT  
Background: To test the fracture resistance of maxillary premolars with MOD cavities 

restored with a new Zirconia reinforced Glass Ionomer Cement (Zirconomer) and to compare 

it with other conventional posterior restorative materials like GIC and Amalgam.  

Materials and Method: Freshly extracted forty intact, non-carious human maxillary 

premolars were collected and stored in distilled water. The teeth were randomly divided into 

2 Control groups with 5 teeth each (n=5) and 3 experimental groups with 10 teeth each 

(n=10). Group I: No cavities were prepared (Positive control). Group II : Class II MOD 

cavities were prepared but not restored (Negative control). Group III: Cavities were restored 

with Amalgam (DPI). Group IV: Cavities were restored with Glass Ionomer Cement (GC). 

Group V: Cavities were restored with Zirconomer (Shofu). Fracture resistance was tested 

with a steel ball of 4mm diameter with a cross head speed of 1mm/min in Universal Testing 

Machine. Statistical analysis was done using One-Way Analysis Of Variance (ANOVA) and 

Tukey test 

Results:Teeth restored with Zirconomer were most resistant to fracture load followed by 

Amalgam (p>0.05) and Glass Ionomer Cement(p>0.05),suggesting zicronomer can be used 

as a potential substitute for amalgam in posterioir teeth. 
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INTRODUCTION  

Removal of tooth structure via cavity preparation has been shown to weaken teeth and 

increase their susceptibility to fracture1,2. Studies on the weakening of teeth by mesio-

occlusal-distal (MOD) cavity preparations and the effect of restorations in strengthening the 

remnant tissue have been conducted experimentally. Depending on the extent of the cavity, 

restorative treatment is a predisposing factor for an incomplete or complete tooth fracture 3.  

According to a study conducted by Joynt et al, in 19874, preparation of an occlusal cavity 

reduces the tooth stiffness by 20%. If a marginal ridge is also involved and removed during 

this preparation the occlusal cavity transforms into a proximal cavity and the tooth stiffness 

further reduces by 2.5 folds resulting in an overall 46% reduction in tooth stiffness. If both 

marginal ridges are included in the cavity preparation design, the stiffness decreases by 63% 
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4,5. Posterior teeth, particularly maxillary premolars, have an anatomic shape that makes them 

more likely to fracture the cusps under occlusal load6,7. Amalgam has traditionally been used 

as the best build-up material8,9. As amalgam is strong in bulk section, but its slow setting 

process, mercury content and unpleasant colour, were some of the reasons why alternative 

core build-up materials have been developed10. The major disadvantage of amalgam, 

however, is its inability to bond to dental hard tissues which necessitates the use of macro 

mechanical retentive features which cause further weakening of the remaining tooth 

structure11,12. Several properties of glass-ionomer cements such as fluoride release, adhesion 

to tooth structure, ease of placement and biocompatibility make these materials attractive for 

their use in practice, but they have inferior compressive and tensile strengths10,13. With the 

decline in popularity of amalgam in recent years, there is a need for an equally strong yet 

safer replacement. 

 Zirconomer defines a new class of restorative glass ionomer that promises the strength and 

durability of amalgam with the protective benefits of glass ionomer while completely 

eliminating the hazard of mercury. According to the manufacturer, Zirconomer has been 

reinforced with special zirconia fillers to match the strength and durability of amalgam; 

sustained high fluoride release; packable and condensable like amalgam without the hazard of 

mercury, risk of corrosion, expansion and thermal conductivity. The high flexural modulus 

and compressive strength of Zirconomer ensures longevity in stress bearing areas; it 

chemically bonds to enamel/dentin and has tooth-like co-efficient of thermal expansion 

resulting in low interfacial stresses and long-lasting restorations; has adequate working time 

with snap-set reaction; easy mixing and handling characteristics minimize chair time and 

enables ease of bulk placement and excellent resistance to abrasion and erosion.  

MATERIALS AND METHODS  

A total of 40 extracted human maxillary premolars extracted for orthodontic purposes, were 

selected. Ten intact premolars served as the control group and 40 premolars received MOD 

cavity preparation and were divided into four groups (n = 10). Any calculus deposits and soft 

tissue were removed from the selected teeth using a hand scaler. The teeth were cleaned with 

pumice and examined under ×10 magnification to detect any pre-existing defects. Following 

post-extraction storage in 10% neutral buffered formalin for at least four days, the teeth were 

stored in tap water at room temperature until used. Each tooth was fixed, with the crown 

uppermost and long axis vertical in polyvinyl chloride (PVC) rings with a length of 25mm 

and a diameter of 10mm, using auto-cured acrylic resin. The level of the resin was limited to 

1.0 mm below the cemento - enamel junction.  

The teeth were divided into 5 groups which were color coded for easy identification and 

scoring: 2 control groups (n=5) and 3 experimental groups (n=10).  

Standardized class II MOD cavities were prepared in all teeth except the positive controls 

with the dimensions : 2 ± 0.2 mm pulpal width, 2 ± 0.2 mm gingival width, 3 ± 0.2 mm 

buccolingual width and are verified using a periodontal probe. The facial and lingual walls of 

the occlusal segment were prepared parallel to each other with the cavosurface angle at 90◦. 

Group I: Blue color coded group which serves as the positive control with unprepared teeth. 

Group II: Pink color coded group which serves as the negative control. This consisted of teeth 

in which cavity preparations have been done but were left unrestored.  
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Group III: Grey color coded. Here, Class II MOD cavities were prepared, matrix band & 

retainer were adapted and were restored with Amalgam (DPI).  

Group IV: Green color coded group. Here, Class II MOD cavities were prepared, matrix band 

& retainer were adapted and were restored with GIC (Fuji Type IX, GC).  

Group V: Violet color coded group. Here, Class II MOD cavities were prepared, matrix band 

& retainer were adapted and were restored with Zirconomer (Shofu) The specimens were 

stored in distilled water and thermocycler for 5,000 cycles at 5 °C and 55 °C with each cycle 

corresponding to a 15 sec bath at each temperature. The specimens were tested individually 

in a universal testing machine (Instron, ARML, Bangalore). Each specimen was subjected to 

compressive loading using a rounded stainless steel testing probe, 5mm in cross section, at a 

cross head speed of 1mm/min until the cusp is fractured. 

The probe should contact the inclined planes of the facial and palatal cups beyond the 

margins of the restorations. Peak load to fracture was recorded in Newtons (N) for each 

specimen and the mean was calculated for each group. Statistical analysis was done using 

One Way Analysis of Variance and Tukey test. A p – value less than 0.05 is considered 

significant. 

RESULTS  

All samples failed with a buccal or lingual cuspal fracture after compression. Mean values of 

the compression force required for cuspal fracture (N) and standard deviations for each 

experimental group are shown in Table 1. Statistical analysis revealed that the mean fracture 

load for group 1 (intact teeth) was significantly higher than that of the other groups (p < 

0.05). Among the experimental groups, Group 5 (Zirconomer) had highest fracture loads, 

followed by Groups 3 (Amalgam) and among the experimental groups. The fracture load 

values for Zirconomer and Amalgam didn’t show statistically significant difference among 

them but were significantly higher than that of Group 4 (GIC). 

Groups N Mean Standard deviation 

Positive control 5 1701.0000 19.4936 

Negative control 5 935.0000 42.7668 

Amalgam  10 1439.2000 137.5111 

GIC 10 1155.6000 76.0690 

Zirconomer 10 1493.8000 123.7756 

 

TABLE 1 

DISCUSSION  

A fracture is a complete or incomplete break in a material resulting from the application of 

excessive force. Fracture resistance is an important property directly related to cracking3,14. 

Masticatory forces on restored or unrestored teeth have a tendency to deflect the cusps under 

stress15. Even though in vitro studies are not an actual reproduction of a typical chewing 

stroke, in that they apply a continuously increasing force until the tooth fractures, they 

represent an important source of information on the structural integrity of the tooth. Ideally 

any material that is used to restore missing tooth structure should reinforce the tooth and 

minimize risk of cuspal fracture.  
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In this study, the difference in resistance to catastrophic fracture between the sound 

(unprepared) teeth and restored teeth was highly significant. This supports previous findings 

that demonstrate the deleterious effect that cavity preparation has on the fracture resistance of 

posterior teeth16. Hood analysed the biomechanics of the intact, prepared and restored tooth 

and considered that the degree of cuspal deflection increases with the depth of the 

preparation17. According to Mondelli and others, teeth with large MOD cavities are severely 

weakened due to the loss of reinforcing structures and become more susceptible to 

fractures18.  

In the present study, teeth restored with Zirconomer showed highest fracture resistance 

because of yttrium stabilized zirconia (YSZ) particles in Zirconomer which provide high 

strength and high elastic modulus19. Zirconomer showed statistically significant increase in 

fracture resistance over GIC as Zirconia particles are significantly harder than glass particles 

that is present in conventional GIC. The mechanical properties of YSZ-GIC may be high 

because of continuous formation of Aluminium salt bridges, which improved the strength of 

the cement. The micro-sized YSZ - GIC powders revealed a bimodal particle distribution and 

this ensured a high packing density of glass ionomer cements giving high mechanical 

properties for Zirconomer20. The bonding capability of GICs to dentin were assessed by many 

authors21-23. Almost all of these studies were carried out on extracted teeth. All these in vitro 

studies proved the fact that the bonding of GICs to dentin is poor (weak) or non-existent. The 

results of this study are in agreement with the above studies 10.  

The results of this study have shown that the material of choice for premolars with MOD 

cavities include dental amalgams and the newly introduced Zirconomer, as they are as strong 

as the control group. These results are in agreement with the results of Burke et al 24. Who 

have concluded that the teeth restored with amalgam were most fracture resistant. 

Zirconomer showed slightly better fracture resistance than amalgam. This is because of the 

presence of Yttria stabilized Zirconia particles in the material that increased the compressive 

strength19. Combination of outstanding strength, durability and sustained fluoride protection 

deems it ideal for permanent posterior restoration in patients with high caries incidence as 

well as in cases where strong structural cores and bases are required. Y.W Gu. et al. have 

done a study in which Yttria stabilized zirconia (YSZ) particles were used for the 

replacement of amalgam alloy in Miracle Mix. Their results also showed that the YSZ–glass 

ionomer cements have improved mechanical properties when compared with the 

conventional glass ionomer cements25.  

 

CONCLUSION  

Zirconomer is found to have better strength than the conventional posterior restorative 

materials. Within the limits of this study it can be concluded that Zirconomer can be used as a 

replacement for amalgam as posterior direct tooth coloured restoration. Further research has 

to be carried out to determine the clinical efficiency and longevity of Zirconomer to use it as 

an alternative for amalgam.  
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