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ABSTRACT:- 

 

Introduction:- The capacity of a material to withstand bending forces applied perpendicular to its 

longitudinal axis is known as flexural strength. It is a phrase that is frequently used in dentistry. 

Megapascals, or MPa, are the metric units used to describe it. Glass ionomer cements (GICs) are 

aesthetically pleasing dental products with special qualities that make them effective as luting and 

restorative materials. GIC cements come in a total of 9 varieties. 

Aim:- The aim of this study is to compare and evaluate the flexural strength of type 2 and type 7 

glass ionomer cement. 

Materials and methods:- Ten samples in total were collected, five of which belonged to type II 

glass ionomer cement and five of which belonged to type VII glass ionomer cement. A stainless 

steel mould was used to prepare the samples. The formula, σ = 3FL / 2BH2 was used to determine 

the flexural strength.  

Result:- Type 2 GIC has a mean flexural strength of 26.5 MPa. Type 7 GIC has a mean flexural 

strength of 6.31 MPa. The flexural strength of dip coated type 2 GIC was 26.6 MPa. The flexural 

strength of dip coated type 7 GIC was 25.8 MPa. 

Conclusion:- Titanium dip coated type 2 GIC showed superior results compared to the other GIC 

samples. 

 

Keywords:-  Flexural strength; Type 2 GIC; Type 7 GIC; Titanium; Dip coating. 

 

 

1.INTRODUCTION:- 

 

In the field of dentistry, the phrase "flexural strength" is commonly employed. 

Megapascals, or MPa, are the metric units used to describe it. The intensity of pressure or force 

per unit area that a material can withstand before breaking is measured in megapascals. Every 

dental material producer provides MPa values that represent flexural strength. With this reason, 

flexural strength is a crucial factor in determining how durable a dental material will be. With the 

emergence of tooth-colored materials over the past 10 to 20 years, there have been noticeable 

changes in the way dental restorative materials are employed as aesthetic considerations have 

grown in importance.These substances include composite resins, resin-modified glass ionomer 
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cements, glass ionomer cements changed by resin, polyacid-modified composite resins 

(compomers), and more recently, giomers.[1] Not all tooth-colored dental restorative materials, 

such as those used in Class I, Class II, and Class IV restorations, can be advised for stress-bearing 

areas. A repair can only withstand a certain amount of applied force before it fractures.[1,2] For 

brittle materials, particularly resin-based filler materials, strength values like tensile, shear, 

compressive, and flexural strength are typically utilised as indications of structural 

performances.[1–3] 

 

We chose the flexural strength for this investigation because it is a therapeutically relevant metric 

for characterising a filling material's resistance to occlusal force. The most frequent reason for 

dental repair failure has been recurrent caries. To address this drawback, fluoride-releasing 

restorative materials were developed.[4] Glass-ionomer cement (GIC) has the highest fluoride 

release of all the commercially available fluoride-releasing materials. Flexural strength, as defined 

by science, is a material's resistance to breaking or fracture. Flexural strength reveals the amount 

of force needed to fracture a test sample with a certain measurement diameter. When this threshold 

is crossed, the test specimen cracks.[5] The material can endure more impacting forces the higher 

the value. However, the measurement technique and sample surface preparation, such as whether 

a material is polished or ground, have a significant impact on the flexural strength discovered 

during a test. GIC has some inherent qualities that make it suited for a wide range of clinical 

applications, including anti-cariogenicity, biocompatibility, adherence to enamel, dentin, and 

composite, as well as a low coefficient of thermal expansion that is comparable to that of tooth 

structure.[5,6] Despite these benefits, GIC has certain disadvantages, including brittleness and 

porosity, which have a negative impact on its mechanical properties and cause it to have low wear 

resistance and fracture toughness. As a result, it is not always possible to draw firm conclusions 

from comparisons of different materials, and values obtained through various measurement 

techniques are not comparable. The values must be obtained using the same measuring technique 

in order for them to be comparable. An industry standard is being pushed for by current research, 

but it has not yet been reached. The integration of a wide range of biologically active elements has 

been tested in the composition of GIC. [7] Although the mechanical qualities of various modified 

GIC formulations have improved, bacterial adhesion on its surface is still a problem because it 

puts the tooth restoration interface's microenvironment at risk for secondary caries. High flexural 

strength materials have a number of benefits. A restoration might contain more units depending 

upon the strength of the material. The material should be as extensive as the extent of strength of 

the restoration. [8] When it comes to stress-bearing restorations like posterior crowns, high flexural 

strength is crucial. Flexural strength dictates which material should be selected when a material or 

restoration is subjected to significant strain or stress, particularly in bruxism patients.[5,8] 

Minimally invasive treatment options are necessary in the case of thin wall thicknesses.  The 

thickness of the repair walls benefits from high flexural strength as well. A material with excellent 

strength enables a thin wall. As a result, a material that has great flexural strength and strong 

fracture resistance can generate very thin restorations and is suitable for minimally invasive 
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procedures. [2,5,8] Our team  has extensive knowledge and research experience that has translated 

into high quality publications.  

 

Therefore the aim of this study is to compare and evaluate the flexural strength of type 2 and type 

7 glass ionomer cement. 

 

 

2.MATERIALS AND METHODS:- 

 

2.1SAMPLE PREPARATION:- 

The base of the mould was applied with vaseline to the mould's base in order to make it easier to 

remove the specimens, and a cellulose strip was placed over it to provide isolation. The test 

materials were painstakingly inserted into the mould without any voids, and then the top surface 

of the mould was once more covered with a cellulose strip. Excess material was extruded by gently 

applying pressure on a glass slide on top of the mould. The samples were then taken out of the 

mould. A total of 16 samples were taken, out of which five samples belonged to type II glass 

ionomer cement, five samples of Type VII Glass Ionomer Cement. Ten bar-shaped specimens 

were prepared in stainless steel mould measuring (25mm X 2mm X 2mm in length, width and 

thickness respectively). Three samples in each group were subjected to dip coating with titanium 

oxide.  

 

 

2.2DIP COATING:- 

Samples were dip coated using a Holmarc Dip coating unit with Infrared heater Model: HO-TH-

02BT. Dip duration was set for 15 mins,travel speed 10 mm for dipping. This depends on the 

height of the substrate and the liquid level in the beaker, Dry duration was set for 10 mins. 

 

2.3FLEXURAL STRENGTH TEST (THREE POINT BEND STRENGTH):-  

The INSTRON E3000 universal testing machine with a crosshead speed of 1 mm/minute was used 

to execute the flexural strength test in accordance with the ISO standard. Using the following 

formula, σ = 3FL / 2BH2 the flexural strength was determined,  where, F is the maximum load 

applied to the specimen in newtons; L is the space between the supports in millimetres; B is the 

specimen's width in millimetres measured before testing; and H is the specimen's height in 

millimetres measured prior testing. 

 

3.RESULT:- 

 

The results are depicted in Table 1 below. 
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Table 1:- Flexural strength parameter analysis of type 2 GIC, type 7 GIC and nanoparticle dip 

coated type 2 and 7 GIC. 

 

The flexural strength between the class 2 (P-value:- 0.20) and class 7 (P-value:- 0.76) groups 

studied showed significant statistical variation (P<0.01). The statistical value of the titanium dip 

coated samples of type 2 and type 7 GIC was insignificant (P<0.01) were insignificant. 

 

The flexural strength of class 2 GIC samples when infused with nanoparticle titanium oxide was 

found to be 27.3 MPa at a maximum force of 5.68N. The average flexural strength at its maximum,  

of class 7 GIC samples when infused with nanoparticle titanium oxide was found to be 24.4 MPa 

at a force of 5.52 N. The flexural strength of class 2 GIC samples was found to be at an average of 

26.5 MPa at an average maximum force of 5.67N. The flexural strength displacement of class 7 

GIC samples at an average was found to be 6.31 MPa at a maximum force of 2.00 N.  

 

The highest mean value of flexural strength (MPa) was exhibited by titanium nanoparticle  coated 

type 2 GIC (27.3 MPa  ) followed by type 2 GIC (26.5 MPa   ) , dip coated type 7 GIC (24.4 MPa  

) and type 7 GIC (6.31 MPa  ). 

 

4.DISCUSSION:- 

 

Glass ionomer cements integrate the chemistry and technology of zinc polycarboxylate and 

silicate materials to embrace the advantageous aspects of each. The limited flexural strength of 

GIC, despite the fact that it is a versatile restorative material in paediatric dentistry, means that it 

can only be used in places that bear little stress.[5] It is a straightforward full volume bulk 

replacement material that is made to be used quickly and easily. It is designed to fill Class I, II, or 

V cavities in permanent teeth as well as deciduous teeth. the inclusion of 78.4% weight of a 

proprietary alkaline inorganic filler, which has a higher flexural strength and adds enough strength 

to withstand oral cavity forces.[2] Flexure is where dental materials generally fail. This is as a 

result of the numerous strains that the mouth cavity places it under. Since flexural strength tests 

are more likely to detect minute changes in the substructure than compressive strength tests, they 

are frequently used to analyse the mechanical properties of dental materials. [9]Smith's research 

suggests that it is possible to predict the long-term wear of any material by measuring the flexural 

strength since there is a high explanatory power between flexural strength and long-term wear. 

Additionally, the flexural strength generates an accurate estimation of the material's tensile 

strength, simulating a clinical setting. In situations where they are subjected to strong stress, such 
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as in class II cavities, materials with high flexural strength are preferred because they give 

restorations reduced susceptibility to fracture at the borders or in bulk.[10] [11] The ISO 

specifications for sample dimensions was 25 mm × 2 mm × 2 mm, for flexural strength testing. 

This dimension was used in our study as well. According to Queirozet al. [1]  the specimen 

dimensions had no impact on the flexural strength. The way dental materials are stored may affect 

their varied mechanical qualities. Conflicting findings were found in the earlier in-vitro 

investigations when GIC's flexural strength was compared while stored in various storage 

media.[1,5] Some people have utilised artificial saliva, stimulated saliva, distilled water, deionized 

water, saline, petroleum jelly, and distilled water. In the current investigation, steps were made to 

ensure that testing parameters, including handling, specimen dimensions, storage media, 

temperature, time intervals, and testing techniques, were nearly equivalent to the intraoral 

environment.[6] In the present study the mean flexural strength of GIC specimens of class 2 GIC 

was 26.5 MPa at a maximum force of 5.67 N and for class 7 GIC was 6.31 MPa at a maximum 

force of 2.00 N. So, it has been observed that this material is having a statistically significant 

displacement in flexural strength.[8] Similar results were observed in other studies by Beyabenaki 

et al as well when he tested out glass ionomer cement.[12] 

 

Choukimath et al. [12,13] used 0.9% saline as a storage medium while examining the fluctuation 

in flexural strength over time and found no change in the strength between 24 hours and one week 

(33.1 Mpa). Yao et al. [14] showed that storage in deionized water increased flexural strength from 

33 MPa after 24 hours to 37 MPa after 1 week. The completion of the first two stages of the setting 

reaction (dissolution and gelation) and the maturation of the cement matrix as a result of more 

cross-linking were credited with the improvement in strength. But in contrast to earlier research 

by Rodrigues  et al,[15] Up to week 4, there was a rise in flexural strength, and at week 4, there 

was a reported decrease in flexural strength (36.5 Mpa), which was not statistically significant. 

 

In this research the flexural strength of class 2 GIC samples when infused with nanoparticle 

titanium oxide was found to be 26.6 MPa at a maximum force of 5.68 N. The flexural strength of 

the class 7 GIC samples when infused with nanoparticle titanium oxide was found to be 25.8 MPa 

at a maximum force of 5.52 N. This increase in strength, according to Rigobello et al.  [16] was 

brought on by the continuing synthesis of aluminium salt, which was in charge of the cement's 

ultimate hardening. According to a more recent, critically examined theory, the maturation of GIC 

is the result of ongoing poly salt complex synthesis that involves other ionic species in addition to 

aluminium ions.[16,17] Opposing  the above studies, [16–18] while stored in distilled water, 

flexural strength values increased from 24 hours (29.8 Mpa) to one week (44.1 Mpa) and decreased 

at the end of four weeks (31.8 Mpa). Wang et al. [16–19] found similar findings, stating that 

storage in artificial saliva increased flexural strength values from 24 hours (23.1 Mpa) to one week 

(24.4 Mpa), and further decreased them at the end of four weeks (14.5 Mpa). It was mentioned 

that using water to store GIC is not recommended because it can result in lower physical qualities 

due to the cement absorbing water molecules and the cement's vulnerability to chemical erosion 

brought on by hydrolysis when kept in distilled water. [8] 
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Enhancing the binding between GIC and the composites has been suggested as a way to improve 

the overall clinical success of the final repair. These involve using various intermediary materials 

and following surface treatment techniques.[4,8] GIC has historically been the material of choice, 

whether it is chemically cured or uncured. In order to get a suitable composite and GIC bonding, 

it is necessary to etch the surface of the GIC or use an intermediary bonding agent, or both. Studies 

conducted in the past employing an adhesive bonding and acid etching combination revealed that 

acid etching did not enhance sandwich restorations' capacity to seal. The binding strength 

significantly improved when bonding chemicals were used alone.[4,6,8] Thus, the flexural strength 

of the GIC itself, which depends on handling and the powder to liquid ratio, the viscosity of the 

bonding agent, which determines its wettability and flow, the volumetric change caused by the 

polymerization of the composite resin, and the technique to pack the GIC and composite without 

the incorporation of voids are all factors that affect the bond strength of a sandwich restoration 

with an intermediary adhesive liner. [7] An benefit of a relatively new hybrid dental restorative 

material is that it has the same strength as composite resins and the ability to release and recharge 

fluoride. It also has superb aesthetics and is simple to polish. In cervical restorations, it might thus 

take the place of traditional glass ionomer cement or composite. Dental restorative materials 

should, in theory, have characteristics that are strikingly similar to the tooth tissue they are 

replacing in every way. Indicators of structural performance for brittle dental materials, 

particularly resin-based restorative materials, are typically referred to as physical 

characteristics.[12] Clinically, anterior and posterior regions of composite restorations may be 

subjected to unfavourable flexural forces.[20] For this reason, material scientists and dental 

professionals alike must characterise flexural strength. High flexural strength is necessary in stress-

bearing areas (Class I, Class II, and IV restorations) in order to endure forces and loads during 

biting without breakage. 

 

5.CONCLUSION:- 

 

When extrapolating the findings of this investigation to the therapeutic performance of the 

tested materials, care must be used. This is due to the possibility that the relative flexural strength 

of dental materials in actual clinical settings will vary greatly from what can be inferred from their 

mechanical properties when tested in a test tube.When comparisons were done within the 

constraints of this investigation, dip coated type 2 GIC outperformed other GIC samples in terms 

of flexural strength, although the difference was statistically insignificant. 
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