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ABSTRACT

An inhibitory effect of bacteria against the surface of
dental glassionomer cements (GICs) was examined us-
ing six types of bacteria strains. Also, fluoride release,
water uptake and solubility were measured in order to
clarify their physical properties related to the surface of
hardened GICs. The released amount of fluoride from
the cements for 24 hours was higher in light-activated
lining cement (VB) and luting cement (HY) than the other
GICs. For 48 and 72 hours (immersion period), their
released amounts were still detected.  An inhibitory (an-
tibacterial) effect estimated by the inhibitory zone size
was observed in the hardened GIC (VB) for all bacteria
strains, or one bacteria strain for GICs FL and HY.
Examining the liquid and powder components in light-
activated GICs, all liquid components showed an inhibi-
tory effect, but the powder component of VB showed the
effect and the powder component of FL no effect. The
bacterial inhibility on the surface of hardened GICs was
observed for light-activated GICs and also the light-acti-
vated one with greater released fluoride had the bacte-
rial inhibility for all bacteria strains.

INTRODUCTION

Dental glass-ionomer cement (GIC) restorative mate-
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rials have been used clinically in dental field, and the den-
tal use has increased as compared with composite resins
which promoted bacterial growth"?. Their cements
were classified into light-activated lining cement, chemi-
cally-cured lining cement and Juting cement for restora-
29, The GIC showed the decreased physical prop-
erty and rougher surface®?, and it is expected that dental
light-activated GICs by visible light have the improved
adhesion (chelate linkages to dentine) and also the anti-
bacterial effect® ™™, Dental light-activated GIC hardened
initially with light activation, and continuously resulted

tions

in setting reaction by HEMA (hydroxyethyl methacry-
late ; liquid component) and pendant methacrylate groups
of polymer component'. Conventionally, the acid/base
setting reaction occurred with polyacrylic acid (liquid
component) and aluminosilicate cement (powder com-

219 The cement powder was composed of the

ponent)
mixture of silica and alumina (melting temperature range;
1100 to 1500° C, which was melted by adding such fluxes
as CaF, (1360°C), Na;AlF; (1020°C), NaF (992°C) and
AIPO, (1000°C)"™®. The elements of F, Al, Ca, and Na
were identified by the solubility test, but the amount of
the compounds added to the powder in commercial GICs

d® %, It is thus important to measure

was not analyse
eluted fluoride from GICs in order to confirm the differ-
ence of composition in the GICs. This study was to ex-
amine the inhibitory effect against the surface of dental
GICs which were exposured to six types of bacteria
strains, and to measure such physical properties as re-
leased fluoride amount, water uptake and solubility in

distilled water from the surface of GICs.

MATERIALS AND METHODS

1. Dental glass-ionomer cements
Six dental GICs (VB, FL, LC, KB, FI, HY) examined in
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Table I Dental glassionomer cements tested. Three types of cements
were light-activated lining cement, conventional chemically-cured
lining cement and luting cement for restorations.

Batch No.
Code Material powder/liquid  Manufacturer
VB Vitrabond 028Y0265 3M Co.
FL Fuji Lining LC 210902/040901 GC Co.
LC GC Lining Cement 310794/180791 GC CO.
KB Ketac Bond 61BY96 ESPE Co.
FI Fuji Bond 240112/140611 GC Co.
HY HY-Bond Glassionomer-C 038854/038853 Shofu Inc.
this study are listed in Table . They were classified into mm height) which were placed on the BHI matrix were

three types: light-activated lining cements, VB and FL;
conventional chemically-cured lining cements, LC and
KB; and luting cement for restoratives Fl and HY. NaF
(1 wt% concentration) aqueous solution (Katayama
Kagaku Kougyou, Osaka) and Cephacrol (Bacteria sen-
sitive agent; Showa Disc, Showa Yakuhin Kakou, Tokyo)
were used, to compare them with the mixing liquid com-
ponent of light-activated GICs.

2. Inhibitory effect and physical properties

(1) Inhibitory effect

The light-activated GIC sample (0.75 mm diameter x
0.20 mm height) was filled into a polypropylen tube with
0.75 mm in a diameter x 0.20 mm long, and then cured by
visible light after loading at 4.9 N on a glass slab. Con-
ventional cement powders were mixed with distilled wa-
ter and filled into the tube and loaded.  After hardening,
the samples were kept in a dessicator at 25°C, because a
chemical setting reaction continued for up to 24 hours™.
These GICs were used under the following test condi-
tions. The inhibition test was done using six types of
bacteria strains: Streptococcus mutans (S. mutans) Ingbritt
(IB) 1600, Streptococcus mutans (S. mutans) OMZ175,
Streptococcus sobrinus (S. sobrinus) OMZ176, Streptococ-
cus sobrinus (S. sobrinus) 6715-13, Streptococcus sanguis
(S. sanguis) ATCC10556, Streptococcus salivarius (S.
salivarius) ATCC9222. The bacteria strains were
routinedly cultivated in Brain Heart Infusion (BHI) ma-
trix (Difco Laboratories, Tokyo) for 48 hours. The bac-
teria test was carried out using a disc diffusion method'®!?.
Disc-shaped matrix was 85 mm in diameter and 4 mm

thick. Theirtest GIC samples (0.75 mm diameter x 0.20

incubated at 37°C for 24 hours after removal of the water
on the sample surface, where the bacteria was cultivated
with O.D. 600 (logarithmic forming period) = 0.7 to 0.8.
The difference between inhibitory zone diameter and
cement diameter (0.75 mm) was determined as the cor-
rected inhibitory zone size for nine samples at each test.

(2) Physical properties

The release from the hardened GICs (0.75 mm diam-
eter x 0.20 mm height) was measured with a fluoride ion
meter (Orion Research Inc, Boston, NY, USA) and com-
posite fluoride ion electrode (96-09, Orion Research Inc).
To investigate the presence or absence of interference
by ions such as Al* and Fe*, a solution of known fluoride
concentration was added to the eluate from the GICs to
determine the true concentration of released fluoride.

Water uptake and solubility were measured using the
The GICs which were kept in a
dessicator at 25°C were weighed repeatedly until the

following samples.
weight reached to a constant value (Wo). One sample
was immersed into the bottle for 3, 10, 30, and 60 days,
and sample weight was measured after removing the
water on the sample surface by allowing to dry in air.
Water uptake in the cements (0.75 mm diameter x 0.20
mm height) was calculated by the equation.

Water uptake (wit%) = ((Wa—Wo) / Wo) x 100

where Wa is the weight (mg) after immersion for 3, 10,
30 and 60 days in distilled water (25 mL; 37°C).

After immersing a test sample into distilled water, it
was dried at 100° C in air for 24 hours and the weight was

measured.



Table II Bacterial inhibitory zone size of glass-ionomer cements and the control solutions (NaF
and Cephacrol). The values (mm) were measured as described in the text. Symbols
mean as follows: —, not detected; +, very little detected; %, not detected or very little
detected. Mean + standard deviation of the values.
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Cod S. mutans S. mutans | S. sobrinus | S. sobrinus | S. sanguis S. salivarius
ode Ingbritt 1600 | OMZ 175 OMZ 176 6715-13 | ATCC 10556 | ATCC 9222
VB 1.331£0.54 2.88+0.60 | 213+144 | 096+0.67 | 2.67+1.09 1.63+0.41
FL - + + - 0.12+0.21 -
LC - - - - -
KB - - - - - -
FI - * + - - -
HY 0.19£0.33 + - * -
NaF 1% 9.94£2.06 | 10.27+£290 | 3.81+0.54 | 559241 | 6.00+12.0 3.38+0.32
Cephacrol | 19.20£4.99 | 20.96+1.33 | 14.69+1.24 | 2544 £3.04 | 24.28+ 1.07 | 13.76 £0.97
Fluorlde release (ppm)
Solubility (wt%) = (Wo - Ws) /Wo) x 100 20
W 1istday
where Ws is the weight (mg) after drying the sample 2nd day
which was immersed at an immersion period (3 to 60
[ 3rd day

days) and Wo the initial weight (mg) when used in water
uptake test. The amount of solubility was measured for
the same sample as water uptake test. Five samples at

each immersion period were used for each GIC sample.

RESULTS

Table II indicates the inhibitory effect against the
bacterias (antibacterial effect) on the set surface of GICs
The solutions NaF (1% con-
centration) and Chephacrol as control samples showed

as alinear dimension (mm).

the antibacterial effect for all bacteria strains tested.
Conventional lining GICs (LC and KB) showed no anti-
bacterial effect, but light-activated GIC (VB) showed the
antibacterial effect for all bacteria strains énd FL showed
it for one bacteria strain, S. sanguis ATCC10556. HY
showed the antibacterial effect only for S. mutans IB1600.
In the case of light-activated GICs composed of liquid and
powder components, their components in VB had anti-
bacterial effect for all bacteria strains,but only liquid com-
ponent in FL had antibacterial effect for all bacteria strains
although the powder component had no antibacterial
effect. The GIC VB significantly showed the antibacte-
rial effect between VB and the other GICs (p<0.05). Fig.
1 shows the released fluoride from the cements, indicat-
ing that VB had the highest amount and HY the second
highest after 24 hours’ immersion (first day) and the other

KB Fl

vB

FL LC

Figurel Fluoride amounts released from glass-ionomer
cements at first, second and third day, as de-
scribed in text.  Unit = ppm.

GICs had a very small amount at each immersion day.
VB showed greater amount after 48 hours (second day),
as compared with the other GICs. There appeared a sig-
nificance difference of released fluoride at first day be-
tween VB and the other GICs (FL, LC, KB, FI), or be-
tween VB and HY (p < 0.05).

Table III indicates water uptake in the GICs tested.
Water uptake in LC and HY was the largest at 3 days, and
also KB at 10 days and VB, FL and FI at 30 days had re-
In Table IV (solubility),
each of six GICs had respectively the constant solubility
amount (0.60 to 1.17%) at each immersion day (3 to 60
days). Of dental GICs tested light-activated GIC FLhad
the smallest amount (0.60%), and VB the second smallest
amount (0.81%).

spectively the largest amount.



26

Table HHI Water uptake (wt%) of the cements. Mean standard
deviation.
Water uptake (%)
Code
3 days 10 days 30 days 60 days
VB 0.17 £0.03 0.11+£0.03 0.28 £0.08 0.22 +0.03
FL 0.35£0.04 0.32+£0.03 0.59+0.14 0.52 £0.08
LC 0.57£0.23 0.21+0.12 0.29£0.05 0.29 £0.05
KB 0.21£0.13 0.75+0.30 0.14+0.15 0.02 +0.06
FI 0.15+0.03 0.14 +£0.04 0.25+0.10 0.21£0.04
HY 0.34+0.18 0.25+0.16 0.28+£0.13 0.27 £0.08
Table IV Solubility (wt%) of the cements. Mean + standard de-
viation.
Solubility (%)
Code
3 days 10 days 30 days 60 days
VB 0.81+0.03 0.81 +0.04 0.81+0.04 0.81 +0.04
FL 0.60 +0.06 0.60 +0.06 0.60 +£0.06 0.60 £0.06
LC 1.17£0.45 1.17£0.45 1.17 £0.45 1.17 £0.45
KB 0.85+0.22 0.85+£0.22 0.85+0.22 0.85+£0.22
FI 1.13£0.10 1.13£0.10 1.13£0.10 1.13+0.11
HY 1.05+0.20 1.05+0.22 1.15£0.23 1.05+0.23
vated GIC (VB) had the antibacterial effect to bacteria
DISCUSSION

Chemical setting reaction in a light-activated GIC con-
tinued for up to 1 day while light activation produced a
rapid initial setting'®. In a case of the light-activated
GICs which were composed of the liquid (including
HEMA) and powder components, a dual setting reaction
at light activation resulted in the setting due to a
polymerisation of HEMA molecules and the methacry-

419 The release

late groups of the polymer molecules
of fluoride was detected for the light-activated lining GIC
similar to a chemically-cured one and the antibacterial
effect might be expected to occur in the GICs™™.
Regarding to the antibacterial effect on the surface of the
GIC, we measured the released fluoride and bacterial
inhibility using six types of bacteria strains. The high-
est released fluoride amount was achieved with the small-
estamount of solubility from the cement'®.  Conventional
chemical-cured lining GICs (LC, KB) showed no inhibility
(Table 1), and a small amount of fluoride was detected

as compared with the other GICs (Fig. 1). A light-acti-

strains, associated with greater amounts of released fluo-
ride (Table II, Fig. 1). A luting GIC (HY) had also the
antibacterial effect with second greater release of fluo-
ride.

HEMA in aqueous solution had an antibacterial agent
and was activated clearly by an addition of sodium salicy-
late to it'®. This suggests that HEMA works as a bacte-
ricidal agent. The liquid component in light-activated
GICs showed the antibacterial effect, because the mix-
ture containing HEMA was used as one solution. The
fluoride compounds were contained within the powders
in light-activated GICs, supposing that fluoride was re-
leased from the cement powder. The liquid components
of GIC tested (VB) were composed of polyacrylic acid
(35 wit%), HEMA (31 wt%) and water (34 wt%)®.
Imazato et al found that HEMA release was observed for
the light-activated GIC (VB)*®. The related property to
antibacterial effect is not clear, but they do describe that
the HEMA as the liquid component is effective as a bac-
terial inhibition and the possible factor might be the re-



lated release of fluoride. In our study, the release test
of fluoride found the released amount to be significantly
greater in GIC (VB) with antibacterial effect than in
the other GICs.
trifluoride (AlF;) and sodium fluoride (NaF) are present

in commercial GICs" ™%, but it is not known whether

Generally, fluorite (CaF,), aluminum

HEMA solution interferes with the release of fluoride. -

CONCLUSION

This study summarized that the an antibacterial effect
was not observed in chemically-cured lining GICs, but
clearly in light-activated GICs using six types of bacteria
strains, similar to one of luting GICs. One of light-acti-
vated GICs, which showed the inhibility for all bacteria
strains tested, had a greater released fluoride at lower
levels of solubility during solubility test in distilled water.

ACKNOWLEDGMENTS

The authors would like to express the appreciation to
Dr Masao Irie, Okayama University School of Dentistry,
concerning to the advice of chemical compositions in the
GICstested. Also we are grateful to the use of Biomate-
rial Combined Analysis System, Hiroshima University
Graduate School, Hiroshima, Japan.

REFERENCES

1) Kent, B.E., Lewis, B.G. and Wilson, AD.: The
properties of a glassionomer cement. Brit. Dent.
J. 135, 322-326, 1973.

2) Vlietatra, J.R,, Plant, C.G., Shovelton, D.S. and
Bradnock, G.: The use of glass ionomer cement
in deciduous teeth. Brit. Dent. ]. 145, 164-168,
1978.

3) Kawahara, H., Imanishi, T. and Ohshima, H.:
Biological evaluation on glass ionomer cement. J.
Dent. Res. 58, 1080-1086, 1979.

4) Irie, M. and Nakai, H:: Mechanical properties of
silver-added glassionomers and their bond strength
to human teeth. Dent. Mater. J. 7, 87-93, 1988.

5) Smith, D.C. and Ruze, N.D.: Acidity of glass-
ionomer cements during setting and its relation to
pulp sensitivity. J. Am. Dent. Assoc. 112,654—657,
1986.

6) Wilson, AD., Prosser, H.J. and Powis, D.M.;
Mechanism of adhesion of polyelectrolyte cements
to hydroxyapatite. J. Dent. Res. 62, 590-592, 1983,

7

8)

9

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

27

Jedrychowski, J.R., Caputo, A.A. and Kerper, S.:
Antibacterial and mechanical properties of restor-
ative materials combined with chlorhexidines. J.
Oral Rehabil. 10, 373-381, 1983.

Mathis, R.S. and Ferracane, J.L.: Properties of a
new glass ionomer/composite resin hybrid resto-
rations. J. Dent.Res. 66, Special issue No. 51, 1987.
Wilson, AD.: Resin-modified glass-ionomer ce-
ments. Int. J. Prosthodont. 3, 425-429, 1990.
Yamaguchi, M., Yoshida, K., Suzuki, R. and
Nakamura,H.: Root canal irrigation with citric avid
solution. J. Endod. 22, 27-29, 1996.

Ribeiro, J. and Ericson, D.: In vitro antibacterial
effect of chorhexidine added to glass-ionomer
cements. Scand. J. Dent. Res. 99, 533-540, 1991.
Gjermo, P.:  Chlorhexidine and related compounds.
J. Dent. Res. 68, Special issue, 1602-1608, 1989.
Satou, J., Fukunaga, A., Morikawa, A., Matsumae,
I, Satou, N. and Shintani, H.: Streptococcal adher-
ence to uncoated and saliva-coated restoratives. J.
Oral Rehabil. 18, 421-429, 1991.

Bourke, A M., Walls, AW.G. and McCabe, J.F.:
Bond strength to dentine of two light-activated glass
polyalkenoate (ionomer) cements. J. Dent. 22,
242-246, 1994,

Yamaki, M.: Saishin Shika Rikougaku, Shoin, To-
kyo, pp 309-317, 1989.

Hinoura, K., Miyazaki, M. and Onose, H.: Dentine
bond strength of light-cured glass-ionomer cements.
J. Dent. Res. 70, 1542-1544, 1991.

Okita, M., Orstavik. J. and Ostby, K.: In vivo and
in vitro studies on soft denture materials: microbial
adhesion and tests for antibacterial activity. Dent.
Mater. 7, 155-160, 1991.

Momoi, Y. and McCabe, J.F.:  Hygroscopic expan-
sion of resin based composite during 6 months of
water storage. Brit. Dent. J. 176, 91-96, 1994.
Coogan, M.M. and Creaven, P.J.: Antibacterial
properties of eight dental cements. Int. Endod. J.
26, 355-361, 1993.

Imazato, S., Torii, M., Tsuchitani, Y., McCabe, J.F.
and Russel, RR.: Incorporation of bacterial inhibi-
tor into resin composite. J. Dent.Res. 73, 1437~
1443, 1994.

Imazato, S., Russel, R.R. and McCabe, J.F.:
Antibacterial aactivity of MDPB polymer incorpo-
rated in dental resin. . Dent. 23, 177-181, 1995.
Irie, M. and Nakai, H.: Marginal gap of light-acti-
vated glass ionomers — Effect of hygroscopic ex-
pansion —. J. Dent. Res. 72, Abst. No. 941, 1992.



