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Abstract: 

 

Objective: To assess the difference of surface hardness of glass ionomer cement (GIC) set by conventional 

setting method and under ultrasonically energized method. 

Method: 20 cylindrical samples measuring 2.5mm (diameter) and 5mm (length) were prepared with type IX 

GIC. Ten of these samples were allowed to set by conventional setting method and other ten were set under 

ultrasonic excitation energy. After finishing and polishing of the samples, three indentations were made on 

each sample using Vicker`s hardness machine with a load of 300 gm for 15 seconds. The surface 

microhardness of the indents was calculated by Vicker`s hardness formula. 

Results: Surface microhardness of samples set by ultrasound setting method was significantly higher than 

samples set by conventional method. 

Conclusion: This can be beneficial for the dental patients as when used as a restorative material, it will have 

a long lasting effect and can also be used in posterior load bearing areas. 
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Introduction 

Conventional GIC was introduced by 

Wilson and Kent in early 70’s.1 The ability of 

GIC to leach fluoride and adhere to the hard 

dental tissues made it suitable for its use in 

dentistry.2 Their low coefficient of thermal 

expansion identical to calcified tooth tissues 

made them a good restorative material3, but 

they have a poor wear resistance and are 

prone to fracture and moisture contamination 

during setting.4 They may lose water of 

crystallization if used in dry environment 

which further deteriorates their mechanical 

properties.5 

        Many of these negative effects of 

GIC are due to the sluggish setting of 

conventional GIC.6 The GIC has to bear 

heavy occlusal loads and increased wear 

during the first few days while the material is 

in the process of becoming fully matured.7 

One solution to this slow setting is to 

enhance the setting rate of the cement which 

may be obtained by the addition of energy 

during the setting of the cement.8 One 

method of achieving this additional energy to 

the system is the use of ultrasonic waves.9   

Surface hardness tests have been 

performed in the past to study the setting 

behavior of GIC.10 Various microhardness 

tests are performed for dental materials which 

include Brinell, Rockwell, Shore, Vickers 

and Knoop.3,11 

Vickers hardness tester is a handy apparatus 

and very useful in research laboratories.11 As 

many studies have been done using Vicker`s 

hardness machine to assess surface hardness 

of GIC and other dental materials12, Vicker`s 

hardness testing has been performed in this 

study. 

Materials and Methods 

20 cylindrical samples, 5 mm in length 

and 2.5 mm in diameter, were prepared using 

Type IX GIC (Fuji Company). Ten samples 

were prepared by conventional setting 

method and designated as group “A”. The 

other ten samples were prepared by 

ultrasound setting method and designated as 

group “B”. 

Two scoops of powder and two drops 

of liquid were mixed according to 

manufacturer`s instructions. After mixing, the 

cement was inserted into the PTF-e mould 

and filled to excess. A polyester strip was 

used to cover both sides of the mould for 7 

minutes to allow the cement to set hard. 



An in-vitro study to compare the microhardness of glass ionomer cement set conventionally versus set under ultrasonic waves…Baloch FA et al 
 

 

 

www.ijhs.org.sa  / Qassim University, International Journal of Health Sciences, Vol. 4, No. 2 (Nov 2010/Dhu Al- Hijja 1431 H)    | 151 

 

Slight pressure was applied and the bulk of 

extruded excess cement was removed.  

For setting of the samples of group “B” 

an ultrasonic scaler, Cavitron Jet Plus 

(DENTSPLY Professional, USA) tip was 

placed on top of polyester strip for 45 

seconds immediately after placing the cement 

into the PTF-e mould covered on both sides 

by polyester strip.8 The rationale behind 

applying ultrasonic tip was to supply energy 

to the system to have an intimate mixing of 

the cement.13 

Finishing 

All the samples were removed from 

the PTF-e mould after 7 minutes. They were 

finished with sequential number of grit paper 

mounted on a Struers Knuth Rotor- 3 

finishing machine14 (LEL Diamond Tools 

International, Inc). Initially coarser grit paper 

# 1000 was used followed by finer paper # 

2400 and finally # 4000.  The samples were 

finished longitudinally on both sides. 

Polishing 

After finishing of the samples, 

polishing was done on Kent-3 Automatic 

Lapping and Polishing unit15 (Kemet 

International Ltd) using diamond polishing 

paste.16 The polished surfaces were examined 

under a microscope to see if the surfaces had 

a smooth finish. 

Vicker`s Hardness Indentation 

Immediately after polishing, one end of each 

sample was marked with red marker to 

identify it from the other uncolored end. Three 

micro-hardness indentations were made on 

each polished surface of the samples. First 

indentation was made at the colored end and 

noted as “Reading 1.” Second reading 

(Reading 2) was taken at the centre of the 

sample and the third (Reading 3) at the 

uncolored end of the samples. The 

indentations were performed under a load of 

300 gm for 15 seconds.17 

 Optical microscopy 

  After the indentations, these samples 

were observed under Olympus BX-60 optical 

microscope (Olympus America, Inc.) using 

20 x magnifications.  

 Taking image of the microindents 

  Image of the indents were taken by a 

camera connected to the Olympus BX-60 

optical microscope (Olympus America, Inc.) 

and were viewed on the computer screen also 

connected to the microscope. The images 
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were viewed and saved using a computer 

software “Pro-image.” 

 Vickers hardness test  

  This test was performed by an indenter 

which was pyramidal in shape having a 

pointed tip and a square base. The test piece 

was pushed against the indenter at a specific 

applied load (P) of 300 gm for 15 seconds. 

The average diagonal length (L) of the 

resultant indentation on the work piece was 

measured and the Vickers hardness number 

was calculated by the Equation given below 

Vicker`s Hardness= KP/ L2 18 

n the equation, value of K is 1.854. 

 

Results  

 

Figure 1. Comparison of microhardness values between Group A and Group B 

 

 

 

 

 



An in-vitro study to compare the microhardness of glass ionomer cement set conventionally versus set under ultrasonic waves…Baloch FA et al 
 

 

 

www.ijhs.org.sa  / Qassim University, International Journal of Health Sciences, Vol. 4, No. 2 (Nov 2010/Dhu Al- Hijja 1431 H)    | 153 

 

Table 1. Mean Micro Hardness Values of Group “A” and Group “B” 

 Number Reading  # 1 Reading  # 2 Reading  # 3 

GROUP A 10 65.512 62.514 62.505 

GROUP B 10 62.744 62.753 62.754 

P-value* < 0.05 < 0.05 < 0.05 

*P-value reflects the statistical significance of the difference between two groups 

 

Microhardness values are plotted in figure 1 and clearly depict the difference between the samples in 

group “A” and group “B”. Group “B” samples (ultrasonically cured) have microhardness values higher 

than group “A” samples (conventionally cured). 

Table 1 show the mean microhardness values of group “A” and group “B”. The values are statistically 

significant (P<0.05). 

 

Discussion 

      In this study Vickers hardness test was 

performed to measure the microhardness of the 

conventionally cured and ultrasonically cured 

samples as plotted in Figure 1 respectively to 

compare surface hardness of the samples set by 

the two methods. The ultrasonically cured 

material has microhardness higher than the 

chemically cured material. In another study 

ultrasonically cured samples showed higher 

microhardness value than conventionally set 

samples.13 

The result of this study also matches the 

results of another study that reveals that the 

cement when set by ultrasonically energized 

method show decreased wear17.  

In one study it was mentioned that 

closer mixing of polyacid and glass powder 

occurs with ultrasonic waves and therefore 

more contact occurs between glass and the acid. 

Also it was mentioned that ultrasonic waves 

diminish the mean particle size of the glass 

phase which causes more surface area for 

reaction with the acid and hence more 
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compaction occurs between the resulting solid 

because of better packing arrangement of the 

residual glass particles.18 

Hence from this study it is indicated that 

surface hardness of glass ionomer cement set 

under ultrasonic waves is more than chemically 

set. This can be beneficial for the dental 

patients as when used as a restorative material, 

it will have a longer lasting effect and can also 

be used in posterior load bearing areas. 
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