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Abstract Restorative grade glass-ionomer cement has

been studied for its potential as a controlled release

material for the antimicrobial compound sodium fusidate.

Sodium fusidate powder was incorporated into the cement

at the mixing stage at levels of 1% and 5% by mass, and

disc shaped specimens (6 mm diameter 9 2 mm depth)

prepared. After curing for 1 hour at 37�C, specimens were

placed in water and release of sodium fusidate at set time

intervals determined using reverse-phase HPLC. Sets of

five specimens were used in all experiments. Early release

of sodium fusidate was shown to occur by diffusion for

each level of addition, as shown by Mt/M? being linear

with respect to Htime in both cases. Diffusion coeffi-

cients were calculated as 4.4 9 10-8 cm2 s-1 and 3.0 9

10-8 cm2 s-1 for 1 and 5% respectively. These were an

order of magnitude lower than had been found previ-

ously for water transport in glass-ionomer cements, a result

that is attributed to the greater size of the sodium fusidate

molecule compared with that of water. Cements released

20.4 and 22.8% respectively of the total sodium fusi-

date added after 2 weeks, values which were not signifi-

cantly different from each other, and which exceeded total

release previously reported for benzalkonium chloride and

chlorhexidine.

1 Introduction

Glass-ionomer cements are widely used in clinical den-

tistry [1]. They are employed mainly as liners and bases,

and as direct filling materials. They are also used to cement

orthodontic brackets [2] and to seal root canals in end-

odontics [3]. In addition, they have been used as bone

cements [4–6].

They are formed by reaction of special basic glass

powders with aqueous polymeric acid [7]. The glass is

typically a calcium or strontium fluoro-aluminosilicate,

though other experimental types have been reported [8].

The polymer is either polyacrylic acid or acrylic acid/

maleic acid copolymer in clinical brands, though other

polymers have also been studied, such as polyvinyl phos-

phonic acid [9] and amino acid-modified polyacrylic acid

[10].

Setting is a complex process involving neutralization of

the acid and crosslinking by multi-valent ions, e.g. Ca2?

and Al3? [11]. Other chemical reactions occur that increase

the degree of hydration [12] and reduce the proportion of

4-coordinate Al with concomitant increase in the propor-

tion of 6-coordinate Al [12].

In view of their clinical usefulness, glass-ionomers have

been considered as controlled release materials. Controlled

release is a topic of considerable scientific interest in the

field of pharmacy [13], and the possibility of using glass-

ionomers in this way has been explored with a view to

enhancing their antimicrobial properties for dental use. The

active ingredient studied in greatest detail has been

chlorhexidine [14].

Addition of chlorhexidine at levels of between 0.5 and

13.0% by mass has been reported [14]. At higher levels in

particular, chlorhexidine was shown to slow down the

setting and to weaken the resulting cement, as determined

Z. Mulla � M. Edwards � J. W. Nicholson (&)

Department of Pharmaceutical, Chemical and Environmental

Sciences, School of Science, University of Greenwich, Medway

Campus, Chatham, Kent ME4 4TB, UK

e-mail: J.W.Nicholson@gre.ac.uk

123

J Mater Sci: Mater Med (2010) 21:1997–2000

DOI 10.1007/s10856-010-4060-2



by compressive strength studies [14]. Chlorhexidine was

released in what was shown to be a diffusion process, in

that release was linear with respect to square root of time;

however, diffusion coefficients were not reported [14]. At

equilibrium the majority of the chlorhexidine was retained

within the cement.

Other additives have also been studied, including ben-

zalkonium chloride and cetyl pyridinium chloride [15, 16].

Studies of the effect of these additives on cements were less

comprehensive than those for chlorhexidine, but microbio-

logical studies showed that benzalkonium chloride in par-

ticular was released in amounts sufficient to enhance

significantly the antibacterial properties of the glass-ionomer

[15]. This was despite the fact that, at the highest level of

loading used, 4%, around 96% of the added benzalkonium

chloride was retained in the cement.

Studies so far have employed either bases or quaternary

ammonium salts. The aim of the present work was to

extend this knowledge to the study of a different type of

antimicrobial compound, namely the sodium salt of fusidic

acid (see Fig. 1). Fusidic acid has a steroid skeleton and is

employed against staphylococcus infections and other

gram positive bacteria [17]. It prevents these bacteria

producing essential proteins. Its sodium salt is widely used

to treat skin, wound, bone and joint infections, and also

pneumonia and endocarditis [18]. It might thus be a useful

antimicrobial compound to employ in glass-ionomers

designed for bone repair applications.

2 Materials and methods

Experiments were carried out using a hand mixed glass-

ionomer cement (Ionoexpress, ex Kent Dental, UK).

Sodium fusidate (ex Sigma-Aldrich, Poole, UK) was

incorporated during the mixing process by spatulating the

required amount (1 or 5% respectively) on a ceramic tile.

Freshly mixed cement pastes were placed in silicone

rubber moulds (dimensions 6 mm diameter by 2 mm

depth) placed between glass microscope slides, then cured

at 37�C for 1 h. Five specimens were prepared for each

sample.

After 1 h these specimens were weighed and placed in

individual 5 ml volumes of deionised water in plastic

centrifuge tubes. The specimen tubes were stored at room

temperature (20–22�C). For each specimen at appropriate

time intervals (1, 2, 3, 4, and 24 h, 1 and 2 weeks) a 10 ll

aliquot was removed and analysed using HPLC. After

2 weeks the specimens were weighed again.

HPLC analysis used an Agilent 1200 series high-

performance liquid chromatograph, fitted with a C18 col-

umn. Isocratic elution was used, with a mobile phase

comprising acetonitrile, methanol and 0.01 M aqueous

ortho-phosphoric acid in the volume ratios 5:2:3. All sol-

vents were HPLC grade (ex Fisher, Loughborough, UK)

and the blended mobile phase was degassed before use.

The LC system employed a pump (type G1310A), injector

(type G1328A) and UV detector (type G13314B). The

detector was pre-calibrated and set at 235 nm wavelength.

Flow rate was 2 cm3/min and the system operated at

room temperature and approximately 100 bars of pressure.

Under these conditions, retention of sodium fusidate was

5.0 ± 0.1 min.

Using the data obtained, plots were made of Mt/M?

versus Htime, to determine whether Fick’s second law of

diffusion is obeyed [19]. Where appropriate, differences in

numerical values were tested for significance using Stu-

dent’s t test and differences where P [ 0.05 were not

considered significant.

3 Results

All samples were found to release sodium fusidate at all

time intervals tested. After two weeks, this release had

almost reached equilibrium, and the 2-week release value

was taken as a reasonable estimate of the M? value.

Release was accompanied by a mass gain as the specimens

took up water from the storage medium.

Release profiles based on mean levels of release are

shown in Figs. 2 and 3. These were re-calculated and

plotted as graphs of Mt/M? versus Htime, as shown in

Fig. 4, using the value of release at 2 weeks as an

approximate indication of M?. In both cases, this plot was

linear for the first 4 h, showing that release occurred by a

diffusion mechanism. For the 5% addition, this plot was

still almost linear at 24 h, suggesting that diffusion-based

release continues much longer at this higher loading.

Table 1 shows a summary of the release results for both

sets of specimens. The differences between the mass gains

and the proportions of additive released were not

significant.

Fig. 1 Fusidic acid structure
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4 Discussion

In the present study, glass-ionomer cement has been shown

to be capable of acting as a controlled release material for

sodium fusidate at room temperature. Sampling was carried

out from 5 ml volumes, and totalled only 80 ll (i.e.

8 9 10 ll) of each storage solution. This represents only

1.6% of the volume, which means that the volume of the

storage solution can be considered approximately constant,

despite the sampling

As has been found for previous substances studied,

release of sodium fusidate was shown to occur by a dif-

fusion mechanism [14, 15]. In the case of the 5% loading,

the system had more or less equilibrated after 2 weeks, and

the M? value could be determined with confidence. For the

1% loading, the system had not fully equilibrated, and the

two week value was only an approximation for M?.

Nonetheless, it allowed an estimate to be made of the

diffusion coefficient for release from this system.

No previous diffusion coefficients have been reported,

so it is not possible to compare rates of diffusion of sodium

fusidate with those of chlorhexidine, benzalkonium chlo-

ride or cetyl pyridinium chloride. However, it is possible to

compare total amounts released at the two week point.

Thus sodium fusidate was found to be released to a greater

extent than, for example, benzalkonium chloride. Both 1

and 5% concentrations of sodium fusidate gave total

release of just over 20% in two weeks, compared with only

4% for benzalkonium chloride [15]. This shows that it is

more readily released than the quaternary ammonium salt.

Data were examined using the Stefan approximation i.e.

Mt=M1 ¼ 2
p

Dt/pl2
� �

This neglects edge effects, and has been found to give

acceptable results for the release of other species from

glass-ionomers [20]. However, edge effects become

significant for specimens other than continuous sheets,

and these have the effect of reducing the rate of uptake,

even though the process is still one of diffusion [19]. In

the present experiments, the plot based on the Stefan

approximation ceased to be linear after 4 h for the 1%

loading and 24 h for the 5% loading. However, this does

not mean that the process ceased to be diffusion controlled

at these times, and may simply mean that edge effects can

no longer be neglected with the particular specimen

geometry employed.

Previous studies have determined the diffusion constants

for water transport through glass-ionomer cements [20].

For restorative grades of cement, these were found to range

from 5.87 9 10-7 to 13.4 9 10-7 cm2 s-1, whereas in the

current study, diffusion coefficients of 4.4 9 10-8 cm2 s-1

(1%) and 3.0 9 10-8 cm2 s-1 (5%) were found for sodium
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Fig. 2 Release profile for 1% loading of sodium fusidate (y-axis =

release concentration (lg/l); x-axis = time (h))
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Fig. 3 Release profile for 5% loading of sodium fusidate (y-axis =

release concentration (lg/l); x-axis = time (h))
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Fig. 4 Plot of Mt/M? versus Htime for 1 and 5% sodium fusidate

addition (filled triangle 1%, filled square 5%)

Table 1 Summary of release data and water uptake

Property 1% sodium

fusidate

5% sodium

fusidate

Mass gain (at 2 weeks) (%) 5.1 (SD 2.5) 6.7 (SD 1.6)

Proportion released (%) 20.4 (SD 2.8) 22.8 (SD 2.7)

Diffusion coefficient (cm2 s-1) 4.4 9 10-8 3.0 9 10-8
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fusidate. Thus water can be seen to diffuse through glass-

ionomer cements an order of magnitude faster than sodium

fusidate. This may be attributed to the relative sizes of the

molecules involved, as water is smaller than sodium fusi-

date. In both cases, release must involve movement

through the matrix of the cement, and escape through the

surface. The surface may contain micro-cracks and other

imperfections, which could enhance the rate of release.

Sodium fusidate has been shown to be released from

glass-ionomer cement, though it is the salt of an acidic

organic molecule. This suggests that there is little or no

ion-exchange mechanism that would cause the fusidate

moiety to be strongly bound within the cement, though

further work is necessary before this could be confirmed.

Previous reports of glass-ionomer for controlled release

have all concerned either quaternary ammonium salts or

the nitrogen-containing basic compound chlorhexidine, i.e.

chemicals of very different character from sodium fusidate.

Our study has thus extended the range of substances shown

to be capable of being released by glass-ionomer cements.

Release has been found to occur readily and to greater

extents than previous substances, so that glass-ionomers

can be seen to be versatile controlled release materials.

5 Conclusions

Glass-ionomer cements are capable of acting as controlled

release materials for the antibacterial compound sodium

fusidate, which is the salt of an acidic organic molecule.

Release occurred by a diffusion mechanism for the first 4 h

for the 1% level of addition, and for the first 24 h for the

5% level of addition, with calculated diffusion coefficients of

4.4 9 10-8 cm2 s-1 and 3.0 9 10-8 cm2 s-1 respectively.

The two cements released 20.4 and 22.8% respectively

of the amount of sodium fusidate added in two weeks;

figures which are not significantly different from each

other. Diffusion of sodium fusidate occurred at a rate which

is an order of magnitude slower than that found previously

for water. The slower rate is attributed to the greater size of

the sodium fusidate molecule compared to that of water.

This study extends the chemical type of additive that

glass-ionomers have been shown to be able to deliver. This

work clearly demonstrates their versatility as controlled

release materials.
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