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ABSTRACT
 

Dental restorative glass ionomer cements (GIC) are available 
as hand-mixed or capsulated products. Capsulation 
facilitates uniform ratios of powder to liquid, that should 
result in an optimal end-product. If this is evident, the 
degree to which capsulated GIC are mechanically stronger 
will aid in deciding when to use them instead of the hand-
mixed variety. 

Objectives 
The compressive strength and surface hardness of hand-
mixed GIC were compared to capsule-mixed equivalents.

Methods
Eighty samples were manufactured from hand-mixed GIC: 
Riva Self Cure; Fuji IX GP; Ketac Universal, Ketac Molar 
Easymix, and equivalent capsule-mixed GIC: Riva Self 
Cure; Fuji IX GP; Ketac Universal Aplicap and Ketac Molar 
Aplicap. 
Compressive fracture strength was tested using a universal 
testing apparatus. Surface hardness was measured with a 
Vickers digital micro-hardness tester. 

Results 
Significant differences were found between the compressive 
strength of RSCH and RSCC (P = 0.027), and, between 
KMH and KMC (P < 0.001). Significant differences in surface 
hardness were found between FIXH and FIXC (P = 0.031), 
KUH and KUC (P < 0.001), as well as KMH and KMC (P = 
0.006).

Conclusion
Three capsulated forms of GIC (RSCC, KUC, KMC) 
demonstrated superior mechanical properties. Capsulated 
GIC offer advantages which may translate to clinical 
application.

Key words: Capsule-mix, Compressive strength, Glass 
ionomer cement, Hand-mix, Surface hardness.

Dental materials are constantly evolving to offer therapeutic 
applications for the restoration of teeth, both the primary 
and permanent dentition.1 Glass ionomer cements (GIC) are 
routinely applied for dental restorations as they demonstrate 
a unique ability to bond chemically to tooth structure.2 This 
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ABBREVIATIONS FOR ARTICLE

• GIC – Glass Ionomer cement

• FIXC – GC Fuji IX GP capsule-mix

• FIXH – GC Fuji IX GP hand-mix

• RSCC - Riva Self Cure capsule-mix

• RSCH - Riva Self Cure hand-mix

• KUC - Ketac Unversal Aplicap capsule-mix

• KUH - Ketac Universal hand-mix

• KMC - Ketac Molar Aplicap capsule-mix

• KMH - Ketac Molar Easymix hand-mix

• ˚C – degrees Celsius

• % - percentage

• MPa - mega-Pascal/s

• VHN – Vickers Hardness Number

• rpm - revolutions per minute

• SD – Standard deviation

• IQR - interquartile range
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results in excellent marginal adaptation and a sound seal 
between the set cement and tooth structure, preventing 
micro-leakage.3,4 Bonding systems are not needed for 
glass ionomers, rendering these materials less technique 
sensitive 5  and more cost effective than resin composites, 
within the limitations of GIC clinical applications. As GIC 
absorb and release fluoride they can inhibit secondary 
caries formation.6,7 As GIC are self-curing, they do not 
undergo polymerization shrinkage and can be placed 
in bulk.7,8  The co-efficient of thermal expansion of these 
materials are similar to tooth structure, decreasing internal 
tension in the tooth structure adjacent to the restoration.7,9 
These materials are low in toxicity and biocompatible with 
both the dental pulp and surrounding soft tissues.7,9

 
GIC are commercially available for clinical use in two 
distinctive forms. Firstly, there is a two-bottle system 
consisting of a glass powder with a separate polyalkenoic 
acid liquid, which is hand-mixed.10,11 Secondly there is a 
pre-packaged, capsulated formulation, containing a blend 
of glass powder and vacuum-dried polyalkenoic acid in one 
compartment,10,11 with a second, separate compartment 
containing either distilled/deionised water or a solution of 
tartaric acid and water.10,12 The capsulated form is mixed 
using mechanical mixing devices.11 

Capsulated GIC have the advantages of a pre-proportioned, 
set powder to liquid ratio, standardised mixing techniques 
and standardised mixing times.10,13 It can be argued that 
capsulated products could be more user-friendly and time 
efficient as compared to hand-mixed products.14,15 Once 
mixed, the GIC can be injected into a prepared cavity 
directly from the capsule.13 

The vibratory action of conventional mechanical mixing 
machines has been reported to lead to increased porosity 
in some capsulated GIC as compared to their hand-mixed 
equivalents.13,16 Porosity within the cement acts as a source 
of concentrated stress, which negatively affects the set 
material’s strength and homogeneity.9,13,16

 
Hand-mixed GIC, however, also have disadvantages. 
Operator variability is the leading cause of inconsistency 
of hand-mixed glass ionomer materials.11,17,18 Both the 
density of the glass powder and mixing technique of the 
operator play a role in the actual volume of powder that 
is dispensed using the measuring scoop.18 The volume 
of the liquid component is difficult to calibrate due to 
inconsistencies in the angle at which the bottle is held and 
the pressure exerted on the bottle by the operator when 
dispensing the liquid.11,17,19 Air bubbles present in the liquid 
can influence the volume of liquid dispensed.18 Both the 
mixing time and manipulation technique can contribute to 
operator-induced variability.18 The environmental humidity 
and temperature have also been shown to influence the 
cement’s consistency.18 

In the clinical setting, the aforementioned problems are 
exacerbated as oftentimes the scoop and dropper bottle 
systems supplied by the manufacturer are not used, 
and the products are mixed according to the operators’ 
desired consistency.10,19,20 All these factors may result in a 
mixture not having the ideal characteristics when mixed 
according to the manufacturer's instructions.18,19,21 The 
resulting material will subsequently be weaker, with altered 
chemical, mechanical and physical properties,18,19 and 

inconsistent setting times.18 Scientific literature reports 
conflicting evidence regarding whether capsulated GIC or 
hand-mixed GIC offer superior performance.13,22 Dowling 
and Flemming10 advocated the use of capsule-mixed 
glass ionomer restoratives due to the superior mechanical 
properties of these products. A study done by Kaushik 
et al.,16 proved the contrary, and promoted the use of 
hand-mixed glass ionomer restoratives. White et al.,23 
reported that capsule-mixed glass ionomer luting cements 
have inferior mechanical properties to their hand-mixed 
equivalents. The findings of the study by Mitchell et al.,24 
however, showed that capsule-mixed glass ionomer luting 
cements were superior. 

OBJECTIVES

The aim of this present study was to compare the 
compressive strength and surface hardness of four 
commercially available GIC in both their hand-mixed and 
capsule-mixed formulations.

METHODS

Ethical approval for this comparative in vitro study was 
obtained from the Research Ethics Committee of the 
Faculty of Health Science of the University of Pretoria 
(Protocol number: 206/2017). The materials tested in 
the present study included eight glass ionomers: Riva 
Self Cure Hand-mix (RSCH, SDI Ltd., Victoria, Australia); 
Fuji IX GP Hand-mix (FIXH, GC, Tokyo, Japan); Ketac 
Universal Hand-mix (KUH, 3M, St. Paul, Minnesota, 
USA); and Ketac Molar Easymix Hand-mix (KMH, 3M, 
St. Paul, Minnesota, USA), Riva Self Cure Capsules 
(RSCC, SDI Ltd., Victoria, Australia); GC Fuji IX GP 
Capsules (FIXC, GC, Tokyo, Japan); Ketac-Universal 
Aplicap Capsules (KUC, 3M, St. Paul, Minnesota) and 
Ketac-Molar Aplicap Capsules (KMC, 3M, St. Paul, 
Minnesota). 

According to the information in the manufacturer's 
brochures for each product, these dental cements have 
similar compressive strength, surface hardness and 
wear resistance.15,25,26

This research was performed in a controlled environment 
meeting the manufacturer's recommendations of a 
temperature of 23 +/- 1˚C and relative humidity of 50 +/- 
5%.27,28 The test materials were mixed and dispensed into 
polytetrafluoroethylene (PTFE) cylinders with the following 
internal dimensions: six millimetres (mm) in height and four 
mm in diameter, in accordance with previously described 
methodology.10,18,28,29,30 The moulds were constructed from 
PTFE tubing, supported by a custom-made Perspex® 
matrix.13 Specimens were prepared by two operators with 
the same level of training in order to simulate operator 
variability.19,29 Both dental operators had over ≥ 15 years of 
clinical experience and experience in Academic teaching 
and training (Dentistry) for  ≥ eight years. The calibration 
of the two operators was ensured by both carrying out all 
preparation precisely as per the manufactures’ instructions 
and all research procedures carried out strictly according 
to the research protocol. 

The measuring scoops and liquid dropper bottles provided 
for each respective hand-mixed material were used to 
measure the exact quantities as prescribed by each 
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manufacturer. The powder and liquid quantities of the hand-
mixed materials were intentionally not weighed to simulate 
the setting in clinical practice. 

Four groups of ten cylindrical specimens were manufactured 
for each of the four hand-mixed and capsule-mixed glass 
ionomers for each test that would be performed. Following 
the manufacturer's instructions, the GC Fuji IX GP capsules 
were shaken to loosen the powder before activation.31 

Following the manufacturer's recommendations, 
each capsule was activated for two seconds to break 
the membrane separating the powder and liquid 
compartments.10,27,31 The capsules were then immediately 
placed into an applicable mechanical mixing machine. 

The 3M ESPE capsules were mixed in the RotomixTM (3M 
ESPE, United Kingdom) as follows: eight seconds vibratory 
action; three seconds centrifuging action, at a frequency 
of 2950 rpm (as recommended by the manufacturer).10,13,27 

Following the manufacturer's instructions, the other 
capsules were mixed by vibratory action, with an amalgam-
mixer (Amalgamator SYG 200, SMACO, Switzerland) for 10 
seconds.10,27 Immediately after mixing, each capsule was 
placed in an appropriate applicator to facilitate the extrusion 
of the material.10,27 

Following the respective manufacturer's instructions, each 
of the hand-mixed GIC, was manually mixed on a waxed-
paper mixing pad using the scoop and dropper system 
provided.19

The cylindrical moulds were placed on a polyester sheet in 
the custom Perspex® matrix. The mixed cement for each 

sample of all groups was dispensed into the moulds within 
60 seconds of mixing.13,18,29 To minimise the incorporation of 
air bubbles the capsulated glass ionomers were extruded 
slowly which provided laminar flow with the nozzle positioned 
along one side of the mould.10,29,32 The hand-mixed glass 
ionomers were dispensed into the moulds using a stainless 
steel spatula and were allowed to passively flow into each 
mould to minimise the incorporation of air bubbles.10,18 A 
polyester sheet was placed over the filled moulds and the 
samples were compressed by applying slight pressure with 
a glass slab weighing 60 grams,33 to extrude the excess 
material and flatten the surface.9,33,34

The Ketac Molar specimens were covered with petroleum jelly 
and the Ketac Universal specimens  were not covered with 
any coating, according to manufacturer’s instructions.15,26 

The specimens of the remaining test groups were covered 
with their respective coatings as recommended by the 
manufacturers.35 An LED curing light (Valo, Ultradent 
Products Inc., South Jordan, USA), with a light-intensity of 
450nm was used to cure the coatings for ten seconds.
All specimens were placed into glass containers of 
distilled water at a consistent temperature (37+/- 1°C) in 
an incubator (Binder ED23, Tuttlingen, Germany) for one 
hour.13,18,29 After this surplus cement was removed from 
the top and bottom of the moulds with silicon carbide 
paper (880 grit), under running water.13 Each specimen 
was carefully removed from its mould and stored in 
distilled water at 37 °C for 23 hours and testing took place 
24 hours after production.18,29,36 Any specimen with visible 
defects such as bubbles or cracks was discarded and 
replaced to achieve optimal samples for the final number 
of samples.18,29

Table I. Results of the compressive strength testing for all specimens 

Material RSCH RSCC P-value

Number of specimens (n) 10 10

Mean (+- SD) (MPa) 86.8 (24.3) 110.8 (20.1) 0.027*

Median (IQR) (MPa) 88.3 (63.4 - 107.7) 109.7 (92.7 - 125.6) 0.045**

Min/Max (MPa) 41.4/114.7 85.2/149.4

Material FIXH FIXC P-value

Number of specimens (n) 10 10

Mean (+- SD) (MPa) 102.9 (22.2) 112.6 (13.5) 0.254*

Median (IQR) (MPa) 106.1 (89.4 - 121.5) 108.5 (101.7 - 126.5) 0.364**

Min/Max (MPa) 55.4/127.5 96.8/132.9

Material KUH KUC P-value

Number of specimens (n) 10 10

Mean (+- SD) (MPa) 110.2 (20.1) 125.2 (17.2) 0.090*

Median (IQR) (MPa) 112.7 (100.9 - 122.7) 121.7 (115.2 - 144.1) 0.131**

Min/Max (MPa) 78.5/145.4 100.3/153.0

Material KMH KMC P-value

Number of specimens (n) 10 10

Mean (+- SD) (MPa) 89.6 (13.6) 138.7 (18.4) <0.001*

Median (IQR) (MPa) 85.3 (81.1 - 92.5) 141.3 (122.5 - 155.0) <0.001**

Min/Max (MPa) 72.8/115.2 109.2/163.1

*  Two sample t-test
** Non-parametric Wilcoxon Rank-Sum test
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Compressive fracture strength
A universal testing apparatus (MTS Criterion Model 
C45.305, MTS Systems Corporation, MN 55344-2290, 
USA) was used to measure the compressive fracture 
strength of each specimen. The flat, circular ends of each 
cylindrical specimen were placed between the plates of 
the testing apparatus.55 Moist filter paper was placed 
on each circular surface to prevent dehydration before 
testing.37 A compressive load, which gradually increased 
at a rate of 1 mm/min, was applied along the long axis of 
each specimen, until the sample fractured.10,18,27,29,30 The 
resulting data was analysed using the tester software - 
MTS Testsuite (TW Elite software, MN 55344-2290 USA). 
The load to fracture was recorded. 

The following equation was used to calculate the 
compressive fracture strength*, P (MPa): 

P = 4Ff
 

       πd2

*where: Ff represents the load at fracture (N); π constant 
for Pi is 3.14 and d the mean diameter of the specimen in 
millimetres (mm).10,17,29,37

Surface hardness
The micro-hardness of the surface of each sample was 
digitally measured with a Vickers pyramid square diamond 
indenter (Future-Tech FV 700, Kanagawa, Japan). Five 
points were designated on one of the circular surfaces 
of each specimen before the surface hardness test was 
undertaken. The first allocated point was set in the midline of 
the long axis of the sample. The other four points were evenly 
spaced one millimetre apart, lateral (left and right) to the first 
point.38 The indenter of the Vickers’ hardness machine was 

pressed vertically into the surface of each sample with an 
opening angle of 136 degrees, at these five points of each 
specimen.34 A load of 500 micro Newtons (mN) was applied 
by the indenter,15,37 at each of the five pre-designated points 
on each specimen,39 with a dwell time of five seconds.34,40  
The Vickers hardness number (VHN), was calculated by the 
instrument for each indentation according to the selected 
diagonals.37 The mean VHN in N/mm2 for each specimen 
was determined.40

Statistical analysis
Statistical analysis was performed using SAS (SAS Institute 
Inc, Carey, NC, USA), release 9.4, running on Microsoft 
windows for personal computer. The applied statistical tests, 
two-sided and P values less than 0.05, were considered 
significant. Mean values for compressive strength and 
surface hardness were compared using the two-sample 
t-test. Thus any significant differences between the means 
of the paired test groups could be determined. The non-
parametric Wilcoxon Rank-Sum test was used to compare 
the median values of the paired groups. 

The null hypothesis was that there would be no difference in 
either the compressive strength nor the surface hardness, 
between the hand-mixed glass ionomers and each material’s 
equivalent capsule-mixed glass ionomer. Data was examined 
for normality by evaluating the data distribution and the 
Shapiro-Wilk test. The data showed normal distribution, 
despite a few exceptions which were determined to be 
chance outcomes. 

RESULTS

The results of the compressive strength tests are reflected 
in Table I. A statistically significant difference (P = 0.027) 

Table II. Results of the surface hardness testing for all specimens

Material RSCH RSCC P-value

Number of specimens (n) 10 10

Mean (+- SD) (VHN) 53.4 (8.4) 59.6 (8.9) 0.124*

Median (IQR) (VHN) 56.3 (47.8 – 58.9) 56.9 (53.4 – 67.2) 0.290**

Min/Max (VHN) 38.6/63.5 46.5/75.8

Material FIXH FIXC P-value

Number of specimens (n) 10 10

Mean (+- SD) (VHN) 61.2 (8.8) 72.8 (12.9) 0.031*

Median (IQR) (VHN) 56.9 (53.9 – 68.9) 72.3 (64.2 – 79.3) 0.034**

Min/Max (VHN) 52.4/74.7 55.0/93.3

Material KUH KUC P-value

Number of specimens (n) 10 10

Mean (+- SD) (VHN) 53.4 (20.7) 97.4 (11.1) <0.001*

Median (IQR) (VHN) 53.62 (34.8 – 72.2) 100.7 (83.9 – 104.8) <0.001**

Min/Max (VHN) 28.7/89.5 81.2/112.8

Material KMH KMC P-value

Number of specimens (n) 10 10

Mean (+- SD) (VHN) 60.8 (9.8) 73.7 (8.8) 0.006*

Median (IQR) (VHN) 57.1 (54.6 – 69.6) 75.6 (68.0 – 79.1) 0.019**

Min/Max (VHN) 48.3/79.4 54.9/85.3

*  Two sample t-test
** Non-parametric Wilcoxon Rank-Sum test
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was found between the mean compressive strengths of 
the RSCH and RSCC paired groups, at 24.04 MPa. The 
difference between medians of these two materials was also 
statistically significant (P = 0.045), differing by 21.35 MPa. 
The mean compressive strength of KMH and KMC differed 
by 49.11 MPa. This difference was also statistically significant 
(P < 0.001), and the median values of these two groups 
differed by 56 MPa (P < 0.001). No significant differences 
were observed in the compressive strength of samples of the 
FIXH- and FIXC- groups (P > 0.05). Similarly, no significant 
differences were observed between the compressive strength 
of the samples of the KUH- and KUC- groups (P > 0.05). 

The results of the surface hardness testing are represented 
in Table II. The surface hardness data for the FIXH and FIXC 
paired group exhibited a mean difference of 11.5 N/mm2 

in VHN values for the two groups, which was statistically 
significant (P = 0.031). In addition, the median VHN for 
the two groups differed by 15.36 N/mm2, which was also 
statistically significant (P = 0.034).

The surface hardness between the KUH and KUC paired 
group was significantly different: the mean VHN for the two 
groups differed by 43.96 N/mm2 (P < 0.001) and the median 
VHN for the two groups differed by 47.03 N/mm2 (P < 0.001). 

The KMH and KMC paired group presented with mean VHN 
values that differed by 12.95 N/mm2 (P = 0.006). The median 
VHN values differed for the two groups by 18.54 N/mm2 (P 
= 0.019). There was no significant difference in the surface 
hardness of RSCH and RSCC, neither in the mean (P = 
0.124), nor the median (P = 0.290).

DISCUSSION

Dental materials and the clinical application thereof is 
continuously evolving to try and produce dental restorations 
that are biologically compatible, have optimal mechanical 
properties, as well as the best possible aesthetics.41,42 Testing 
the compressive strength and surface hardness of dental 
materials, gives a close indication to the potential longevity 
and wear resistance of these materials.41 The compressive 
strength of a dental material can measure both the durability,42 
and the brittleness of a material.40 

The present study indicates that there may be an advantage 
in the use of RSCC with respect to the compressive strength 
of this material. Significant differences were found between 
the mean and median compressive strengths of the RSCH 
and RSCC paired group specimens. Previous studies by 
Dionysopoulos et al.38 and Mulder and Mohamed,37 reported 
similar compressive strength values for RSCC to those found 
in the present study. 

The present study showed that there was no significant 
difference in the compressive strength of the FIXH and FIXC 
specimens tested. Fleming and Zala,22 previously found 
FIXH to have a lower compressive strength as compared to 
FIXC. Dowling and Fleming,17 however, reported that FIXH 
had significantly higher compressive strength values than 
those of FIXC,43 suggesting that the compressive strength 
of the hand-mixed version is superior for this material-paired 
group.17 The compressive strength values from the present 
study were slightly lower as compared to the manufacturer’s 
in-house research.43 No definitive recommendations could 
therefore be made with regards to this material.

No significant differences in compressive strength were 
observed between the KUH and KUC groups in the 
present study. Similar compressive strength values for 
these materials were reported by Dionysopoulos et al.44 

Compressive strength values for this material, published 
by the manufacturer as in-house research demonstrated 
higher compressive strength compared to those of the 
present study.15,26 The study conducted by Mulder and 
Mohamed,37 reported slightly lower compressive strength 
values for KUC when compared to this present study.
 
In this present study, the compressive strength of KMC was 
significantly higher when compared to KMH. This finding 
suggests that the capsule-mix may be advantageous for 
clinical use, specifically where high compressive strength 
is important. This finding is in agreement with the findings 
of Nomoto and McCabe.13 Dowling and Fleming,17 
however, found no significant difference between the 
mean compressive strength of KMH and KMC in their 
investigation. The compressive strength values for KMC in 
the present study correlate well with the findings of Fleming 
et al.,29 regarding this encapsulated glass ionomer.

Determining correlations between mixing methods and 
mechanical properties of glass ionomer cements may be 
complicated.13,17 The chemical composition and setting 
phase progression are the two most critical factors that 
regulate the mechanical properties of GIC.13 The powder to 
liquid ratio can influence the mechanical properties of this 
material, as this influences the concentration of reinforced 
glass fillers particles in the set cement.13 

The more powder added to a constant volume of liquid, the 
higher the concentration of reinforced glass fillers and the 
more resistant the product will be to compressive forces.13 A 
reduced powder to liquid volume will reduce the reinforced 
glass filler content of the set cement, and reduce the material’s 
ability to resist crack proliferation under compressive forces.10 
Billington et al.,19 reported that the powder content of hand-
mixed glass ionomers used in clinical practice was only 37% 
of that recommended by the manufacturer. Dowling and 
Fleming,10 published similar findings, reporting a powder 
content below 50% of manufacturer's recommendations. 

For RSC and FIX materials, the powder to liquid ratios for 
the hand-mix versions are slightly higher than those of the 
equivalent capsule-mix products. KUC also has a slightly 
higher powder to liquid ratio than KUH. The powder to 
liquid ratio of KMH is substantially higher than that of KMC. 
The reason for this high powder to liquid ratio in KMH (the 
hand-mixed glass ionomer), could be attributed to the highly 
granular nature of the powder, making it less dense, more 
flowable and more absorbent.45 These differences in powder 
to liquid ratios between hand-mixed and equivalent capsule-
mixed products may influence research findings when 
comparing mixing methods and mechanical properties. 
In striving to produce glass ionomers with ideal properties 
in either hand-mixed or capsule-mixed preparations, the 
challenge lies in finding an optimal balance between powder 
to liquid ratio, polyacid concentration and the molecular 
weight of the polyacid.46 

Voids in the set cement could either be the result of insufficient 
wetting of the powder by the liquid, or the inadvertent 
inclusion of air during the mixing procedure. The presence 
of voids and the concentration of reinforced glass filler 
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particles have a notable impact on the mechanical properties 
of GIC.13 The larger and the more voids present, the greater 
the probability of fracture at low levels of stress.13 Xie et al.,9 

suggested higher compressive strength values to be related 
to more dense surface textures with fewer, smaller voids and 
tightly packed glass filler particles. Material failure has been 
attributed to surface irregularities and cracks in conjunction 
with internal and surface porosity.22 

Surface hardness is defined as the ability of a material to resist 
permanent indentation or piercing when a force is applied to 
the material.40 The harder the surface, the higher the Vickers 
hardness measurement (VHN) will be.40 Xie et al.,9 concluded 
that higher surface hardness values of glass ionomers are 
attributed to three factors: a variety of different shapes and 
sizes of glass particles, a highly fused particle-polymer matrix 
and a dense surface texture. 

The present study found no significant difference in the VHN 
of RSCH and RSCC, which shows that neither of these two 
products offer an advantage over the other with respect to the 
property of surface hardness. Two previous studies reported 
similar values for surface hardness of RSCC with the values 
obtained in the present study.37,38

The present study identified significant differences in surface 
hardness between the FIX, KU, and KM paired groups. The 
capsule-mixed specimens of FIX, KU and KM exhibited 
significantly higher surface hardness numbers (VHN) in 
comparison to their respective, hand-mixed equivalents.  In 
this present study, the surface hardness of  KUC correlates 
well with the findings of both Alrahlah,39 and those of the 
manufacturer.15 Surface hardness values for KUC in the 
present study were higher than those reported by both 
Dionysopoulos et al.,38 and Mulder and Mohamed.37 The 
surface hardness values of FIXC from this present study 
were similar to those of the manufacturer (GC, Tokyo, 
Japan).43 

The durability, strength, working and setting times of glass 
ionomer cements are dependent upon the use of the 
correct ratio of powder to liquid.18,37 Studies have been 
conducted to determine the mechanical properties of the 
set glass ionomer cement when lower powder/liquid ratios 
are used than recommended.22,37 Mulder and Mohamed,37 
evaluated and compared the actual powder/liquid ratios of 
several different commercially available capsulated glass 
ionomers. The capsules were disassembled, and the 
powder and liquid components were individually weighed. 
This study concluded that neither the compressive strength 
nor the surface hardness would be adversely affected by 
the findings.37

Manufacturers place precise values in grams for powder 
and liquid weights in product brochures and packaging. 
Furthermore, manufacturer's in-house research is based 
on these precise values.37 A higher volume of powder to 
liquid ratio leads to shorter working and setting times, and 
higher compressive strength.37 Final restorations mixed with 
a decreased powder to liquid ratio are more susceptible to 
acid erosion.37,47 Capsulated GIC have been reported to be 
more costly per application in comparison to their hand-
mixed equivalents.18 Dental practitioners may thus elect to 
use hand-mixed glass ionomers instead of the capsulated 
equivalents of these materials. Prentice et al.,36 experimented 
with the mixing times of GIC. It was found that optimal strength 

and handling properties required a capsule-mixing time 
of between  eight to ten seconds.36 Decreasing the mixing 
time was shown to prolong the working time and the setting 
time.36 Increasing the mixing time led to increased viscosity of 
the material and reduced both the working and setting time.36 
The specimens that were mixed for 12 seconds showed an 
increase in modulus of elasticity and compressive strength.36 
If the mixing time was increase to 14 seconds, gelation 
occurred too quickly, rendering the dispensing and placement 
of the material very difficult.36 This increased mixing time also 
decreased the modulus of elasticity and compressive.36 
In busy private practices, dentists may attempt to take 
advantage of the increased viscosity and decreased working 
and setting times of longer mixed capsulated GIC, however 
it is cautioned that this may negatively affect the mechanical 
properties of the final cement.36 

The fluoride release profile of GIC could be influenced by 
the mixing method of these materials. De Moor et al.,48 

reported that mechanical mixing of capsulated GIC lead to 
a more predictable fluoride release than hand-mixed GIC.48 
Fluoride release is dependent on the acid-base and setting 
reactions.47 This finding indirectly implies that both reactions 
are more consistent in capsule-mixed GIC.48 

CONCLUSION

Within the limitations of the present study, it is evident that the 
correct mixing technique of glass ionomer cements is crucial 
to achieve the optimal mechanical properties of the final set 
material. The properties tested in this study showed that 
glass ionomer materials displayed variations that directly link 
the mixing technique to the resulting mechanical properties 
of the end-product.

The compressive strength of the capsule-mixed RSC was 
superior to hand-mixed RSC, indicating that the capsule-mix 
version of this material is advantageous for clinical use where 
occlusal forces are higher. Although FIXC performed better in 
surface hardness tests, no conclusion can be made about the 
superiority in compressive strength of the capsule-mix versus 
that of the hand-mixed product. Although not statistically 
significant, both the surface hardness and compressive 
strength of KUC were slightly better than those of KUH. Both 
the compressive strength and the surface hardness values of 
KMC were significantly higher than those of KMH.

Overall, the findings of the present study suggest that 
capsulated glass ionomer cements are superior to their 
hand-mixed counterparts. Therefore, these materials should 
be advocated for clinical use. The clinician is reminded that 
when using glass ionomer materials, optimal clinical results 
can only be accomplished if the correct mixing method/
technique, mixing time and powder to liquid ratio are applied. 
This applies for both hand-mixed and capsulated variants of 
this dental material.
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