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Dental glass ionomer cement consistency
and film thickness

Jabbar H KAMEL*
Waad M HUSSAIN**

ABSTRACT

This comparative study is to evaluate consistency and film thickness
for Iraqi made (Ashour) glass ionomer cement (GIC) and five different
types glass ionomer cement and to compare these materials with each other
and with British Standard Specification (BS Sp.) no. (6039) in (1981).

In this study the following materials were used:

1. Ashour, Ketac, QD and Meron glass ionomer cements are type "1" (luting
materials) according to manufacturer instructions.

2.Jonodent and Hybond glass ionomer cements are type "2" (filling
materials) according to manufacturer instructians.

The tests were done by using specimens of tested materials prepared
by the aid of metal moulds, which are manufactured for each test according
to specification.

Electronic balance was used to calculate the amount of powder that
must be mixed with (0.5) ml of liquid to provide consistency value within
the range of specification.

Glass slab, stainless steel mixing spatula and micrometer were used
for measuring the film thickness, while vernier used instead of micrometer
for measuring the consistency. Cabinet was made of wood and glass
manufactured for providing (by using of atmospheric thermometer and
hygrometer) the temperature and humidity necessary for each test.

The results showed that there is a significant difference between
different treatment groups. Further results showed that some tested materials
exhibit a significant difference between each other and with specification.

The comparative study found that the filling materials which are
tested have physical properties of luting materials and there are some
variations in these properties of all tested materials from those which are
illustrated in the manufacturer leaflets and in the specification.
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INTRODUCTION

Glass ionomer is the generic name of group of materials that use
silicate glass powder and an aqueous solution of polyacrylic acid. This
material acquires its name from its formulation of glass powder and an
ionomeric acid that contains carboxyl groups .
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Wilson and Kent ) had performed the formulation and development
for use of glass ionomer cement in (1972). They had the objective of
combining the positive qualities of silicate cement, composite resins, and
polycarboxylate cement. Silicate cement was anticariogenic as a result of
fluoride release, whereas composite resins afford excellent esthetics and the
polycarboxylate cement adheres to tooth structure and nonirritating to the

pulp @,

The prime advantages of glass ionomer are chemical bond to enamel
and dentin ¥, fluoride release ’ and a coefficient of thermal expansion
similar to that of dentin®. However, their low wear resistance, low tensile
strength and brittleness restrict their use as core materials .

The combination of an aluminosilicate glass powder with an aqueous
solution of polyacrylic acid produces a dental material that possesses a
compressive strength which is greater than that of zinc phosphate®, an
adhesiveness to enamel, dentin, and cementurh ¥, compatibility with the

oral tissues ®, and the ability to leach fluoride ¢,

The major limitations are the need to obtain a chemically clean
cavity and the ability to keep the cement uncontaminated by moisture for
approximately (6 minutes) after mixing'". Ultimate compressive strength
of the material is lower than that necessary for use as restorative materials in
the areas subjected to a direct occlusal load *?. Solubility is very low and
abrasion resistance appears to be acceptable. Translucency compares
favorably with the silicate cements, but can not match composite resins in
the most challenging areas, such as veneering of anterior teeth '),

Glass ionomers are divided into two chemical types, one is known as
self hardening and sets entirely by a neutralization reaction to give relatively
brittle materials, the other is known as resin-modified which sets partly by
polymerization and partly by neutralization reaction to give slightly tougher
materials. Compared with the self-hardening cements, these latter materials
have improved esthetics and easier clinical handling. They have been used
as liners/bases, luting cements for stainless steel crowns, and in various
restorative procedures for both permanent and primary teeth ?,

Since glass ionomer cement was considered an early material, a

number of modifications have become available such as the use of
alternative polymers, the use of dried polymer powder, the development of
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cermet containing cements, metal reinforced cements and finally the resin
modified cements ¥,

The study was designed to evaluate consistency and film thickness
for Iraqi made (Ashour) GIC and five different types glass ionomer cement
and to compare these materials with each other and with British Standard
Specification no. (6039) in (1981).

MATERIALS AND METHODS

In this study the following materials were used: (table 1).
1. Ashour, Ketac, QD and Meron glass ionomer cements are type "1" (luting
materials) according to manufacturer instructions. ~
2. Jonodent and Hybond glass ionomer cements are type "2" (filling
materials) according to manufacturer instructions.

3508
foogith o VOCO Company D-27454 Powder 02727
£ Cuxhaven-GERMANY Liquid 00684
miy SANKIN Industry Co. Ltd. a
Filling -2- Tokyo-JAPAN 186-328
Tt ESPE Company D-82229 Powder 439
£ Secefeld-GERMANY Liquid 062
. SHOFU INC. Powder 068998
Filling -2- E : e
Kyoto- JAPAN Liquid 068999
Quayle Dental Company 433-152

| Luing -1 | g osex BN14 8ON-ENGLAND

Luting -1- |  University of Mosul, IRAQ Experimental
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1. Consistency Test
A. Testing Apparatus

1. Two optically flat glass plates, approximately (3) mm thickness.

2.Loads, for type"1" (luting agent), a force of approximately (2.15) Newton
(obtained by using a mass of 0.22 kg) and for type "2" (filling material), a
force of (24.5) Newton (obtained by using a mass of 2.5 kg).

3.Clock timer.

4 Plastic mixing spatula.

5.Vernier.

6.Electronic balance (Mettler PM 460. Delta Range F).

B. Procedure

A definite quantity of liquid of tested cgment (0.5) ml is applied on
the center of a first glass plate to be mixed with adequate amount of powder
of cement. Two minutes after start of mixing gently, press the cement
between the two glass plates by applying the second glass plate above the
first one, position both glass plates without applying pressure. In such a way
that any cement on the upper glass plate contacts centrally the bulk of the
cement on the lower glass plate. The load applied to the glass plates
smoothly and without any rotational motion to the glass plates. The load for
type "1" cement is about (0.22) kg, and for type "2" cement is about (2.5)
kg.

Ten minutes after the start of mixing, you measure the major and
minor diameters of the cement disc to an accuracy of (0.5) mm, and
calculate the mean. If the two measurements are differ by more than (2)
mm, discard the results and repeat the test.

Repeat the test until two mean results are obtained within (2) mm of
each other. Record the mean of these two results.

The test repeated more than one or two times with different quantity
of powder mixed with (0.5) ml ofliquid until a diameter of disc of about
(28-32mm) is obtained. When this diameter obtained, this indicated that
good or appropriate amount of powder used to be mixed with (0.5) ml of
liquid, and this determine the powder\liquid (P\L) ratio for mixing of
cement.
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2. Film Thickness Test

A. Testing Apparatus

1.Two optically flat glass plates of uniform thickness of not less than (3)
mm.

2.Load of the type that generating a force of (147 Newton) obtained by
using a mass of (15) kg. The load should be capable of applying the force
smoothly and with no rotational motion. The glass plates should be held
on the base by guides to prevent movement or rotation when the load is
applied.

3.Clock timer.

4 Micrometer.

5.Plastic mixing spatula.

B. Procedure N

Measure the thickness of the two optically flat glass plates stacked in
contact to an accuracy of = (0.5) um (reading A). Place a small quantity of
mixed cement on the center of one glass plate and place the other plate in
the guides. Place the other glass plates centrally on the first plate. Two
minutes after start of mixing carefully apply a force of (147) Newton
vertically on the top plate and leave for (7) min. Ensure that the cement
completely fills the space between the two glass plates. Ten minutes after
the start of mixing measure the thickness of the two glass plates and cement
film (reading B). Calculate the thickness of the film as the difference
between reading B and reading A. Record the mean result of three such tests
to the nearest (5) micrometer.

Statistical analysis done by using ANOVA and Duncan Multiple
Range tests.

RESULTS

1. Consistency Test

For tested materials, the comparative study showed that the amount
of powder that was mixed with (0.5) ml of liquid to provide a consistency
within the range of BS Sp. no. (6039) in (1981) were about (1g, 2.3g, 1.1g,
lg, 1.2g, 1.5g. for Meron, Ionodent, Hybond, Ketac, QD and Ashour GICs
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respectively) (table 2). These quantities of powder were determined by
using electronic balance (Mettler PM 460. Delta Range).
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BS Sp. (minimum 28mm. maximum 32mm).

2.Film Thickness Test

Analysis of variance (ANOVA) for film thickness test values was
done and the results obtained showed that there is significant difference ( p
=0.0001) between different treatment groups at p < 0.01 (table 3).

Duncan multiple range test (table 4) for film thickness test showed
that the Ionodent glass ionomer cement has the highest film thickness
(higher than that for BS Sp.), and the Meron glass ionomer cement has the
lowest film thickness. Some of the tested materials showed a significant
difference with each other, but others did not show a significant difference.

Ionodent, QD and Ashour glass ionomer cements showed no
significant difference, but Ketac, Hybond, and Meron GICs showed a
significant difference with BS Sp. at p = 0.05 (by using unpaired t-test).
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Table (3): Analysis of variance (ANOVA) for film thickness

TR
AR AR
RN X
RS
AR
AN
RRANNNAE
R

AN

SRR
NIRRT

R
SRR “3-“.33*; 3
RN

RN
\\ SHE \““‘c\\:
S = non
.ﬂ)rm:\* RN 3 I8)

3 RTINSy

ARNe: R
R T R
N R AT AR A S AR T A AN E R LSS AR

T et
SRR

104.750

*Means sxomﬁcam difference at p < 0.01.
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Table (4): Duncan multiple range test for film thickness
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*Means significant difference with BS Sp. at p = 0.03 (using unpaired t-test).
“Treatments with same letters mean no significant difference at p = 0.03.
BS Sp. (25 um), SE: Standard Error.

DISCUSSION

The standard consistency test described in British Standard
Specification no. (6039) was used in the present study. The values of this
test are necessary to provide glass ionomer cements with a convenient
mixture, that is reliable to do tests for other physical properties present in
BS Sp. and to prove the properties for any new material available in the
markets.

426



Al-RafidainD J Dental glass ionomer cement consistency... SpIss. 2001

According to consistency test, Iraqi GIC (Ashour) showed minimum
and maximum consistency values of about (28-29.17 mm) which is in
agreement with BS Sp. when the P/L ratio was (1.5¢/0.5ml). However, the
consistency test values for Meron and Ketac GICs showed a compatibility
with BS Sp. when the P/L ratio used according to the manufacturer
instructions. For Hybond, Ionodent and QD GICs were not compatible with
BS Sp. when P/L ratio that mentioned in the manufacturer instructions used.
Film thickness test specifically is recommended for luting materials (type
1). The values for Ashour, Meron, Ketac and QD GICs were in agreement
with BS Sp., but Hybond and Ionodent GICs showed film thickness values,
although they are filling materials. Meron has the lowest and Ionodent has
the highest film thickness. These differences in the results of consistency
and film thickness tests values could be related to the following: The
consistency determined by the diameter of cement disc resulted from mixing
powder with liquid, the disc diameter inversely proportion to the
consistency, so that the increase in disc diameter means less consistency
value will be obtained. The disc diameter depends on P/L ratio: i.e. the less
amount of powder to a given quantity of liquid, gives more disc diameter
accordingly, less consistency value will be obtained and the reverse is true.
This is in agreement with the finding of other studies 1>16!"). They found
that the high P/L ratio give the less disc diameter.

The differences in the amount of P/L ratio between different tested
materials could be attributed to the fact that these powders have different
treating temperature and treating time for their raw materials, and also
different particle size. This result isin agreement with finding of Crowell
19 Wwho found that the treating time and temperature of raw materials effect
directly in the consistency value of cement. Powder/liquid ratio related
directly to film thickness, because of the increase in P/L ratio leads to an
increase in the consistency, as a result, film thickness will increased,
because of less liquid will be available to react with powder particles

Wilson and Batchelor “® found that the diameter of cement disc
increases with decreasing temperature, therefore the rise of temperature
during mixing to a degree more than room temperature may lead to
evaporation of water within the liquid which is important for the initial
reaction of cations from the powder with carboxyl groups of liquid, because
water act as stimulator to the release of cations.

Hybond and Ashour GICs used polymer as liquid to be mixed with
powder, but Meron, Ketac and QD GICs used distilled water as liquid. The
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polymer contains water, which act as reacting medium help in transferring
cations (Ca and Al) from powder to make cross linkage with carboxyl
groups of polymer.

When time interval between cement mixing and load application is
increased, the cement disc diameter will be decreased; this is in agreement
with finding of Wilson and Batchelor “®. They found that the disc diameter
of cement decreases as the time interval between cement mixing and load
application increase !,

Garcia et al. * and Craig ®” found that the finer the original
particles, the lower will be the film thickness. The particle size of powder is
considered an important point related to the film thickness of cement,
because the powder is aluminosilicate glass (inert material) and its
cementation reaction with liquid usually activated by the increase in the
surface area to improve cross linkage of cations with carboxyl groups from
the weak acid (liquid). Therefore, the decreasein the particle size will lead
to the increase in the surface area of powder and decrease the film thickness
value. The largest particle size remains insoluble in liquid and is able to
withstand the load applied in the cementation process and this will increase
the film thickness of material, therefore the high value of film thickness for
some tested materials could be related to the large particle size.

Craig " found that the itaconic acid reduces the viscosity of the
liquid and inhibits gelatin caused by a hydrogen bonding, therefore the high
values of film thickness for some tested materials could be related to the low
amount of itaconic acid available in the liquid polymer.

CONCLUSIONS

Depending on the results obtained from this comparative study, the

following conclusions can be observed:

1. Ashour GIC has physical properties as luting agent in agreement with BS
Sp. no. (6039) in (1981).

2.The less amount of powder to a given -quantity of liquid, the more
adverse effect in the properties of cement. Thus, in any series of
comparative physical tests a known definite P/L must be employed. This
value must be established before the tests can be under taken.
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3.For Ashour GIC the powder/liquid ratio required to obtain consistency
value within the range of BS Sp. was about (1.5g/0.5ml).

4.Meron and Ketac GICs have P/L ratio inagreement with those in the
manufacturer instructions, while Ionodent, QD and Hybond GICs have
P/L ratio differed from those mentioned in the leaflets.

5.Control of temperature and humidity related directly to the precise results
obtained from tested materials.

6.Film thickness test provides a support to the results of compressive
strength test to help in determining whether the tested materials type "1"
or 2",
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