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The Effect of Capsulated Glass Ionomer 
Cements on the pH of a Lactic Acid 
Solution: An In-Vitro Study
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ABSTRACT
Aim: This study the evaluated interactions of capsulated glass 
ionomer cements (GIC) with an aqueous lactic acid solution.

Materials and Methods: GIC fuji cap II and GC fuji cap IX were 
tested and compared to vials containing a lactic acid aqueous 
solution with no specimen as the control group. 16 specimens 
of each material were made according to the manufacturer’s 
instructions. The pH of the solution was measured immediately 

after 24 hours and at the end of the week. The statistical 
significance in the pH of the storage solution was determined by 
using one–way ANOVA.

Result: All the materials were able to increase the pH of the 
lactic acid solution and both the materials were statistically 
significant.

Conclusion: These findings can be helpful in predicting the 
performance of these materials under clinical conditions.

InTRoduCTIon
Atraumatic treatment (ART) is a dental approach which is based 
on the removal of carious tissues with hand instruments, followed 
by the placement of an adhesive restoration [1-4]. Glass ionomer 
cement is a material which has created a great impact in the world 
of restorative dentistry. It is a water based restorative material 
which consists of leachable glass powder and a polyalkenoic acid 
which react together to form a cement mass [5,6]. It exhibits true 
adhesion to the tooth structure and it acts as a reservoir of the 
fluoride ions which are slowly released over a prolonged period of 
time [7].

Variation in the acid profile and the concentration may relate 
to caries progression in the hard dental tissues. When sugar is 
available in the oral environment; microorganisms produce organic 
acids such as lactate and acetate. Another relevant factor which 
is involved in the caries progression is related to the low pH which 
is generated from carbohydrate metabolism that selects the 
cariogenic species. It was observed that a low pH environment 
characterized this condition with a lactate dominant acid profile 
in the active lesions; therefore, the interaction between the lactic 
acids and the restorative materials should also be considered. 
Conventional glass ionomer cement represents the oldest 
category of the glass ionomer cements and it has the disadvantage 
of inferior mechanical properties [8,9]. To overcome this, newer, 
more- viscous, aesthetic and reinforced glass ionomer cements 
were specially developed for their use in the alternative restorative 
technique (ART). These materials have the ability to neutralize the 
salivary acid by buffering the lactic acid via the release of chemical 
ions [10].

The predominant factors which control the stability of the enamel 
apatite are its pH and the concentrations of calcium, phosphate 
and fluoride in the surrounding solution. A pH drop of one unit within 
the pH range of 4 to 7 will result in a 7 fold increase in the solubility 
of the hydroxyapatite [11]. It has been stated that the release of 
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fluoride and other elements from the dental materials are affected 
by the changes in pH, especially those of the glass ionomer matrix 
forming elements like calcium, strontium and aluminum  [12].

Considering the above aspects, the present study was undertaken 
to evaluate the buffering capacity of the newer, high viscous glass 
ionomer cements and the conventional glass ionomer cement. 

MATeRIAlS And MeThodS
Two restorative grade glass ionomers were employed in this 
study, namely the GIC Fuji cap II and the GC FUJI IX capsule. 
32 cylindrical specimens of dimension (6mm diameter x 3 mm in 
height) were prepared by mechanical mixing; both the cements 
were handled according to the manufacturer’s instructions. The 
cements were inserted into previously lubricated, cylindrical, poly 
tetrafluoroethylene moulds of appropriate size.

The cements were allowed to be cured for 1 hour in the moulds at 
370 C before being removed and placed in a lactic acid solution (2.0 
cm³, 20 mmol-¹pH 2.7). The control solutions were stored under 
identical conditions but those which contained no cement were 
also prepared. The pH of the cements which were immersed in the 
lactic acid solution were measured immediately after 24 hours and 
after a week by using a digital pH meter (Bionics) .The statistical 
significance in the pH of storage solution was determined by using 
one way ANOVA.

ReSulT
The pH increasing ability was material and time dependent as 
was the interaction between these variables (p<0.00 1). All the 
materials increased the pH of the lactic acid storage solution 
at all the evaluation periods (P<0.001). The pH changes of the 
aqueous lactic acid solution which were recorded over a week 
were analyzed. [Table/Fig-1], [Table/Fig-2] A greater increase in the 
lactic acid pH was observed in a week; both the materials were 
statistically significant.
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against the secondary carries. Active caries has been shown to 
have a pH of 4.9, with lactic acids being the principle substance 
which are responsible for the low pH. Such active caries can be 
arrested by a modest change of the pH to 5.7. In our experiment, 
we were able to reach this later pH from a starting value of 2.7 
(Lactic acid). This demonstrated that these cements were capable 
of elevating the pH to the level which could arrest the caries and 
that in principle, they were able to confer localized protection to 
the teeth from acid attack. This was further evidence to the fact 
that the effect which we had been studying was likely to prove their 
clinical benefits when these materials were used to restore teeth.

ConCluSIon 
By varying the proportion of the cement to the storage solution 
and by increasing the numbers of specimens, we could obtain a 
significant factor for determining the final pH of the storage solution. 
Moreover, the final pH which was obtained when 16 specimens 
were used, was approximately same as that of the arrested caries, 
even though the initial pH of the lactic acid solution which was 
employed was much lower at 2.7 than that of the active caries 
in vivo. This suggested that the buffering effect of these cements 
was likely to be sufficient to have an important effect when these 
materials were used clinically.
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dISCuSSIon
The anti-cariogenic capacity is a relevant property of GIC and it 
is thus expected that the interaction of these materials with an 
acidic environment will lead to an increase in the pH [13-15]. 
Under the present experimental conditions, all the tested GIC were 
able to increase the initial pH of the acid lactic solution. These 
results were in accordance with those of Nicholson, et al [15], 
who subjected poly acid – modified composite resins to similar 
experimental conditions and also verified their ability in neutralizing 
acidic conditions. Studies have reported that the initial pH of the 
tested solution (2.74) increased almost by 1 unit in 7 days [16] and 
investigations into the rate of the change of the pH of lactic acid 
which was exposed to some ART GIC showed similar results as 
those of the present study [14].

The pH increase of the acid storage solution is attributed to the acid 
basic setting reaction of the dental cements with salt formation. It 
is known that cements which are made from lower concentrations 
of polyacid are weaker that those which are made from higher 
concentrations of polyacid [16,17]. In the case of each cement, 
attack at the matrix releases both poly acrylic acid and metal ions. 
Consequently, the storage solution becomes a mixture of lactic acid 
and metal lactates, the classic combination that creates a buffer 
solution. In the present study, the measurements were made after 
1 week, the time which was likely to be sufficient for the mixtures 
to be fully equilibrated.

The acid neutralizing effect which was observed in this study was 
desirable, since it had a chance to be a mechanism of protection 

groups ir SD
24 

hours SD 7 Days SD

Control 2.74  2.74  2.74  

Fuji II 2.631 +/- 0.0014 4.254 +/- 0.0028 6.523 +/- 0-0007

Fuji IX 2.772 +/- 0.0035 3.531 +/- 0.0085 5.421 +/- 0.0014

Significance yes yes yes

p <0.001       

[Table/fig 1]: Results of the one way ANNOVA analysis of the samples 
pH showing the alteration in the pH values over a period of time

IR- Immediate Response; SD - Standard Deviation.

[Table/fig-2]: Graphical representation of the pH changes when compared 
to the Control Group
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