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Comparison of solubility of zinc phosphate and glass ionomer
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INTRODUCTION

Luting is an integral step of cementation of inlays,
onlay, crowns, bridges and veneers. Luting means to
fill the joint or to fill the pores/irregularities which are
present on the prepared tooth structure and on the
fitting surface of the metallic or ceramic indirect
restorations.1 This filling of the joint should provide an
impervious seal to ingress of gases and liquids. Pres-
ently various types of cements are used as luting
material for the permanent and temporary cementa-
tion of indirect restorations. These cements have
different biological and mechanical characteristics2 and
the most demanding characteristic is their stability in
the harsh oral environment that is their resistance to
decomposition and degradation.3,4 Deterioration of lut-
ing material at the circumferential tie of indirect
restoration provides stagnation area and micro leak-
age5 which leads to recurrent caries as well as to
periodontal diseases.6,7

Zinc phosphate cement is one of the oldest material
used for cementation of indirect restorations8,9 and
orthodontic appliances. Now a days many adhesive
cements have been introduced having better character-

istics than Zinc Phosphate cement. Their bonding to
tooth structure, metallic and ceramic  restorations is
quite firm which reduces micro leakage.10,11  Newer
materials are Glass ionomer cement, Zinc poly carboxy-
late cement, modified Zinc Oxide Eugenol cement, Resin
modified Glass Ionomer cement and composites.12,13,14

Regarding solubility of conventional luting cements,
a lot of investigations have been performed by re-
searchers.3,4,5,10 Information regarding solubility of lut-
ing material is scarce in different pH values of saliva.

METHODOLOGY

Analytical grade essential chemicals were obtained
from Merck and used as received. Pyrex glass vessels
and doubly distilled water were used for working
solutions. Hydrochloric acid and sodium hydroxide
solutions were used for the pH adjustment.

For the purpose of preparation of artificial saliva  a
1 dm3 aqueous solution was prepared, which contained
0.400, 0.795, 0.005, 0.780, and 1.000 g dm-3 of NaCl,
CaCl2, NaS, NaH2PO4, and (NH2)CO respectively. Solu-
tion of this composition was classified as artificial
saliva1.
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found that the glass ionomer cement presented the highest solubility at low pH medium but was less
soluble at high pH medium.
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In this case solid specimens of about 10g each of the
cements (GIC and ZPC) were made according to the
established procedures of the manufacturer and each of
them was made into 100 small pieces of known weights
with steel hammer. They were then made into five
groups of 20 pieces. Each piece of these groups was
individually kept immersed for 96 hours at 37oC tem-
perature in artificial saliva adjusted to different pH
values of 2.46, 3.15, 3.56, 4.96 and 6.57. After the
predetermined immersion period the cement pieces
were removed from the saliva, washed with copious
amount of doubly distilled water and then dried in open
air for 48h before reweighing. The difference between
the initial weight (wt before immersion in the artificial
saliva) and final weight (weight after immersion in
artificial saliva) was determined using the high preci-
sion balance.

RESULTS

In this study 100 specimens of glass ionomer and
zinc phosphate cement each   were tested for solubility
in different pH mediums. The % weight loss of glass
ionomer and zinc phosphate cement in these mediums
is shown in Table 1, Table2 and also plotted on the

TABLE 1: PERCENT WEIGHT LOSS OF SPECIMENS OF GLASS IONOMER CEMENT IMMERSED
FOR 96 H IN ARTIFICIAL SALIVA ADJUSTED TO VARIOUS PH VALUES AT 37 OC

Specimen No pH2.46 pH3.15 pH3.56 pH4.96 pH6.57

1 10.47 3.02 1.81 1.23 0.13
2 10.45 2.98 1.83 1.21 0.14
3 10.41 2.89 1.82 1.19 0.12
4 10.42 2.88 1.80 1.20 0.13
5 10.43 2.84 1.80 1.17 0.11
6 10.46 2.85 1.84 1.21 0.15
7 10.47 2.90 1.86 1.20 0.16
8 10.43 2.81 1.84 1.21 0.14
9 10.42 2.86 1.84 1.18 0.15
10 10.45 2.91 1.88 1.21 0.14
11 10.41 2.91 1.83 1.18 0.13
12 10.42 2.89 1.82 1.22 0.16
13 10.43 2.88 1.84 1.20 0.14
14 10.44 2.88 1.83 1.21 0.13
15 10.42 2.89 1.83 1.20 0.12
16 10.44 2.87 1.84 1.21 0.14
17 10.45 2.88 1.85 1.22 0.15
18 10.43 2.87 1.85 1.21 0.14
19 10.40 2.86 1.81 1.22 0.13
20 10.43 2.85 1.82 1.24 0.14
Average values 10.434 2.886 1.832 1.206 0.138

Fig 1 respectively. Looking on % weight loss as re-
flected in  tables and graph, the solubility of both the
cements increased as the pH of medium decreased. But
the solubility of glass ionomer cement was more than

Fig 1: Relation between decrease in weight and pH
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the zinc phosphate cement on same pH medium and
immersion time.

DISCUSSION

Patients having indirect restorations in their oral
cavity visit dental surgeons with complaint of debonding
of indirect restorations, pain, swollen and bleeding
gums. On clinical and radiological examination it is
usually found that there is recurrent caries on the
tooth structure at the circumferential tie area that is
where tooth structure, margin of restoration and the
luting material are at interface. Vertical and horizontal
bone loss along with pocket formation is observed. This
occurs mainly due to dissolution of the luting material
which has been used for the cementation of the indirect
restoration. Most important characteristic required
for the luting materials is their resistance to dissolu-
tion in oral fluids. Patients come with the debonded
indirect restorations and on examination it is found
there is little or no luting material present on the
fitting surface of the restoration.

Factors which govern the dissolution of the mate-
rial are the particle size, powder/ liquid ratio, mixing

TABLE 2: PERCENT WEIGHT LOSS OF SPECIMENS OF ZINC PHOSPHATE CEMENT IMMERSED FOR
96 H INARTIFICIAL SALIVA ADJUSTED TO VARIOUS PH VALUES AT 37 OC

 Specimen No. pH2.46 pH3.15 pH3.56 pH4.96 pH6.57

1 0.79 0.59 0.53 0.35 0.20
2 0.78 0.57 0.54 0.36 0.21
3 0.77 0.56 0.55 0.34 0.22
4 0.76 0.56 0.51 0.31 0.23
5 0.77 0.57 0.52 0.33 0.23
6 0.77 0.56 0.54 0.36 0.24
7 0.78 0.53 0.55 0.33 0.22
8 0.77 0.56 0.54 0.37 0.23
9 0.76 0.57 0.55 0.30 0.20
10 0.75 0.54 0.56 0.33 0.25
11 0.76 0.52 0.54 0.36 0.21
12 0.76 0.54 0.56 0.37 0.23
13 0.74 0.53 0.55 0.33 0.25
14 0.73 0.52 0.56 0.36 0.23
15 0.74 0.53 0.57 0.36 0.24
16 0.78 0.58 0.55 0.33 0.23
17 0.78 0.53 0.51 0.37 0.26
18 0.76 0.55 0.56 0.36 0.23
19 0.78 0.54 0.56 0.33 0.22
20 0.79 0.54 0.57 0.31 0.21
Average values 0.766 0.550 0.546 0.343 0.227

technique, contamination, medium pH, exposure time
to  pH medium and status of oral hygiene.3,14 In this
study instructions  given by the manufacturer regard-
ing powder/liquid ratio, mixing technique  and setting
characteristics were followed.

Many studies have shown that the resistance to
dissolution of glass ionomer cement was more  than
zinc phosphate cement.11,15,16 Oilo 16 have found that
glass ionomer cement is more stronger, retentive
and less soluble dental cement. Isolation from
humidity and saliva during the first few hours
of cementation have also been advocated by the
researchers.9,12

In this study the solubility of  glass ionomer cement
was compared with the zinc phosphate cement. Zinc
phosphate cement presented higher solubility at high
pH medium  but the solubility of glass ionomer cement
was higher at low pH values after 96 hours immersion.
Specimens were then placed in some chemicals to find
out the presence of any binder that might have been
introduced by the manufacturer as a trade secret
but no evidence of presence of such binder was de-
tected.
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Luting materials at circumferential tie area are
exposed to oral fluids and any dissolution  around the
margins of restoration  provide stagnation area for the
dental plaque. The plaque  lowers  the pH due to
fermentation of the carbohydrates leading to the pro-
duction of lactic acid, butyric acid  and propionic acid.
Diet habits of the patient also have  effect on the
dissolution of  cement because some people take more
acidic food items. Other factors along with the mea-
sures taken for the maintenance of the oral hygiene
will certainly influence the solubility of the luting
material.

Lower pH values increase the solubility of ce-
ments11,13 the previous studies showing that solubility
increases as the pH lowers  In this connection walls
et al 51 obtained the highest solubility at the pH 4
whereas cement did not dissolved in the buffer solution
of the pH 10 even after 24 hours. Taking into consider-
ation the findings of the Wall et.al, artificial saliva of
varying pH medium was prepared for this in vitro
comparative study regarding solubility of  glass ionomer
cement and zinc phosphate cement. The findings of
this study were in agreement with those of Wall
et.al. 51

Only in vitro studies are not adequate to reflect the
true nature of water absorption and dissolution of
cements. In vivo studies are required for comparison.
One of the in vivo study reflected that glass ionomer
cement is less soluble as compared to Zinc phosphate
cement.1 Other factors like powder/ liquid ratio, oral
hygiene maintenance and preparation of circumferen-
tial tie area that is shoulder,chamfer and cavo surface
margin beveling also need to be studied both in vitro
and vivo.

Studies have shown that glass ionomer cement is
less irritant, anti bacterial, anticariogenic, its coeffi-
cient of thermal expansion matches tooth structure
thus the interface is preserved during thermal cycling
and have specific adhesion to tooth structure/metallic/
ceramics while Zinc Phosphate cement is irritant, have
no anti bacterial / anticariogenic effect and does not
adhere chemically.16

Other luting materials which have gained more
popularity are resin modified glass ionomer cement
and resin cement. Resin cement is light cured, chemi-
cally cured and dual cured.1,2 Important property deter-
mining the durability of  luting cements in mouth is
their resistance to  dissolution and disintegration.6,17

Resin luting cements are difficult to use and are
expensive but provide better bonding with tooth struc-
ture/fitting surface of indirect restorations.

CONCLUSION

As per this study glass ionomer cement is more
soluble than Zinc Phosphate cement which is in con-
trast to previous studies therefore more studies both in
vitro and vivo are needed to be carried out prior to
recommend  zinc phosphate cement a preferable luting
material.
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