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SUMMARY

This study evaluated the antibacterial effects,
physical properties and bonding strengths of
conventional glass-ionomer cements (GICs) con-

taining antibiotics and determined the optimal
concentration of antibiotics addition for use with
the ART approach. Fuji IX GIC was used as a con-
trol. Three antibiotic mixtures, ciprofloxacin,
metronidazole and minocycline, were added to
powdered GIC (Fuji IX) to obtain concentration
ratios of 1.5, 3.0 and 4.5% w/w. The antibacterial
activity of each GIC was evaluated against
Streptococcus mutans or Lactobacillus casei
using agar-diffusion methods. The release of
antibiotics was analyzed by high-performance
liquid chromatography (HPLC). The compres-
sive strength and bonding strength to dentin
were measured and compared with those of con-
trol samples. The results were analyzed using the
Mann-Whitney test and Wilcoxon test. All tested
groups showed a significantly greater inhibition
with growth of the selected bacteria in compari-
son to the control groups (p<0.01). However, the
3% and 4.5% concentration ratios of antibiotics
had significantly lower compressive strength
and lower bond strength to dentin than the con-
trol group (p=0.003). The GIC-containing anti-
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biotics were effective in inhibiting S Mutans and
L Casei. The addition of a 1.5% antibiotic mixture
was optimal to giving appropriate physical and
bonding properties.

INTRODUCTION

Atraumatic Restorative Treatment (ART) is a minimal-
ly invasive technique in which hand instruments are
used to clean carious dental tissues and stop the pro-
gression of caries.1 The technique is suited for develop-
ing countries in which resources are scarce but is gain-
ing acceptance in developed countries for the manage-
ment of early childhood caries.2 The straightforward-
ness and simplicity of ART and the relatively low cost
compared to a treatment approach using rotary instru-
ments are attractive advantages of this technique.3

During the ART procedures, dental hand instruments
alone do not remove carious dentin as effectively as
rotary burs, and cariogenic bacteria can survive
remaining under restorations.4-6 The caries process may
progress in the course of time and cause failure of the
restoration.7 This problem may be solved with the use
of dental materials that inhibit bacterial growth.

Conventional hand-mixed GIC is the most commonly
recommended dental material for the ART approach.8-9

The reason for choosing GIC is based on its self-curing
and potential caries inhibition properties.10-11 However,
whether the caries-inhibitor influence is sufficient to
completely arrest the caries process is doubtful.7

Clinical studies show that residual bacteria located
under a GIC restoration are viable for up to two years.4-5

Therapeutic benefit may therefore be gained when com-
bining antibacterial agents with GIC materials.12 For
increasing the success rate of ART, many researchers
incorporated antibacterial agents (for example,
chlorhexidine and antibiotics) into GIC to increase its
antibacterial effects.12-18 The incorporation of chlorhexi-
dine or its derivatives into GIC improved the antimi-
crobial effect of the GIC on cariogenic microorgan-
isms.12,14-18 Additionally, GIC-containing antibiotics were
recommended for the treatment of carious lesions,
reducing the total number of viable bacteria, while pre-
serving dentin tissue and pulpal vitality.13 However,
incorporation of chlorhexidine or its derivatives
decreased the physical properties of GIC.14-16,18

Therefore, the particu-
lar antibacterial agent
selected and its quantity
are important for incor-
poration into GICs.
These additives should
not jeopardize the basic
properties of the materi-
als.14 The effect of com-
bining antibiotics with
GICs on cariogenic

microorganisms has previously been investigated.13 The
dental literature, however, lacks data related to the
basic properties and bonding strengths of GICs to
which antibiotics are incorporated.

This study evaluated the antibacterial effects, physi-
cal properties and bonding strengths of GICs contain-
ing an antibiotic mixture (ciprofloxacin, metronidazole
and minocycline) and determined the optimal concen-
tration of antibiotics necessary to produce anticario-
genic action.

METHODS AND MATERIALS

Preparation of Antibacterial Cement

A conventional restorative GIC (Fuji IX, GC, Tokyo,
Japan) was used as the control. In experimental groups,
three antibiotics (Ciprofloxacin, Eczacibasi, Istanbul,
Turkey; Metronidazole, Eczacibasi and Minocycline,
Fako, Istanbul, Turkey) were added to the powder of
the control GIC at 1.5, 3.0 and 4.5% w/w (Table 1).

Antimicrobial Activity Screening Tests

The antimicrobial effects against Streptococcus mutans
HF676 (a local strain obtained from the School of
Dentistry, Hacettepe University, Ankara, Turkey) or
Lactobacillus casei ATCC27139 of unset and set
cements were evaluated with agar well diffusion and
agar diffusion tests, respectively.14 Briefly, with some
modifications, the strains stored at -20°C were cultured
on blood agar (Merck, Darmstadt, Germany) and
Lactobacilli MRS agar plates (for L casei, Difco
Laboratories, Sparks, MD, USA) at 37°C for 24 hours in
5% CO2. Single colonies from plates were transferred
into BHI broth (Merck) and Lactobacilli MRS broth (for
L casei, Difco Laboratories) and incubated at 37°C, for
24 hours. Suspension of the strains prepared in PBS at
ca 1.5x108 organisms/ml by using the McFarland 0.5
turbidity tube were flood-inoculated onto the surface of
BHI agar plates. Before replacement of the set and
unset specimens, the surface of the plates was air dried
by leaving the specimens at 37°C for 15 minutes.

The set disc-shaped specimens (10 mm in diameters,
2 mm thick) were prepared by mixing powder and liq-
uid from each group (P/L ratio: 3.6/1). After setting at
room temperature for 30 minutes, the specimens were
placed onto BHI agar plates. All the specimens were
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Groups The Composition of the Control and Experimental GIC Additives
(total weighing: 10 g) (w/w %)

Control 10 g of GIC -------

Group I 50 mg of ciprofloxacin, 50 mg of metronidazole, 1.5%
50 mg of minocycline, and 9,850 g of GIC

Group II 100 mg of ciprofloxacin, 100 mg of metronidazole, 3.0%
100 mg of minocycline, and 9,700 g of GIC

Group III 150 mg of ciprofloxacin, 150 mg of metronidazole, 4.5%
150 mg of minocycline, and 9,550 g of GIC

Table 1
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then sterilized with UV before the experiment. For
unset specimens, 10 mm-diameter wells were cut from
the agar by using sterile glass-made pipettes attached
to a vacuum pump and filled with paste using a syringe.
After incubation at 37°C for 48 hours, inhibition zones
around the specimens were measured. The sizes of the
inhibition zones were calculated by subtracting 10 mm
(diameter of wells) from the average diameter of the
zones for each specimen and control. Five specimens
were tested for each group.

Release of Antibacterial Drugs

The molds were made of Teflon and the internal dimen-
sions were 2 mm high and 10 mm in diameter. The
round-shaped GIC specimens were prepared (P/L ratio:
3.6:1) and allowed to set for 30 minutes. All the samples
were dissolved with distilled 2.5 mL water and stored at
20°C for 24 hours and 7 days. Sample concentration
analyses were achieved with the Agilent 1100 series
high performance liquid chromatography (HPLC,
Agilent 1100, Waldbron, Germany) system. The chro-
matographic reversed-phase column used for analysis
was an HI ODS column (HiChrom Prep 20 C18 ODS
4.6x25 HiChrom, Berkshire, UK). Acetonitril and 10
milimoles of phosphate buffer solution (pH=2.6) (60:40)
were used for the mobile phase at a flow rate of 1
mL/minute and the detector wavelengths were per-
formed at 268 nm (for minocycline), 280 nm (for
ciprofloxacin) and 315 nm (for metronidazole) for each
sample. Six specimens were tested for each experimen-
tal group.

Compressive Strength

The compressive strength testing was conducted
according to methods described in EN-ISO 9917
(Dental Water-based Cements, 1991). The molds were
made of Teflon and the internal dimensions were 6 mm
high and 4 mm in diameter. The cylindrically-shaped
GIC specimens were prepared (P/L ratio: 3.6:1), and
stored at 37 ± 1°C in 100% humidity for 60 minutes
after mixing. Ten specimens were made and randomly
divided into two groups of five. The specimens were
then stored in distilled water for 24 hours and 7 days.
The strength of the specimen was measured by apply-
ing a compressive load using an Instron universal test-
ing machine (Lloyd Instruments Ltd, Foreham,
Hampshire, England) at a crosshead speed of 1
mm/minute-1. The results were reported as an average
of five replications.

Bond Strength to Dentin

Occlusal dentin specimens were obtained from 30
human molars, then the dentin surface was polished
flat with 200-, 400- and 600-grit silicon carbide papers
to expose the flat surface. The dentin surface was con-
ditioned with a polyacrylic acid (Cavity Conditioner;
pH: 1.65) for 10 seconds following rinsing of the condi-
tioner with air-water spray for 10 seconds. After com-

pletion of the surface procedures, the powder and liquid
of each cement were mixed (P/L ratio : 3.6/1) and placed
into the center of the prepared dentin surface by pack-
ing the material into cylindrically-shaped plastic tubes
with an internal diameter of 3 mm and a height of 4
mm. After storing the specimens at 37°C and 100%
humidity for 24 hours, the shear bond strength was
measured using an Instron universal testing machine
(Lloyd Instruments Ltd) at a crosshead speed of 1
mm/minute-1. Five specimens were tested for each
group.

Statistical Analysis

Statistically significant differences among the groups
were performed by means of the Kruskal-Wallis vari-
ance analysis, including the Bonferroni adjusted Mann-
Whitney U test. The intra-group measurements, over
time, were analyzed by using the Wilcoxon test for com-
pressive strength test.

RESULTS

Antimicrobial Activity Screening Tests

The mean values (mm) of the growth inhibition zones
for the control and experimental groups are shown in
Figures 1A and 1B. No inhibition zone existed for either
bacterial species tested in the set specimens of the con-
trol groups, while unset specimens of the control groups
exhibited zones of growth inhibition. However, a large
inhibition zone was produced when tested against both
bacteria with set or unset specimens of the experimen-
tal groups (Groups I, II and III). In set specimens, the
size of the inhibition zones was significantly smaller
than in the unset specimens against all bacteria.
Additionally, the size of the inhibition zones was
dependent upon the amount of added antibiotic mix-
ture.

When S mutans and L casei were tested, significant
differences existed in the size of the inhibition zones
produced among the control and experimental groups
in the set specimens (for S mutans, p=0.001 and for L
casei, p=0.003). Significant differences in the size of the
inhibition zones produced among all the groups were
observed in testing with S mutans and L casei in unset
specimens (p<0.0005).

Release of Antibacterial Drugs

Release of the antibiotics metronidazole, ciprofloxacin
and minocycline from the experimental GICs after 24
hours and 7 days is shown in Table 2. The amount of
antibiotic that was released increased as the amount of
antibiotic that was added increased. The levels of
antibiotics that were released at 7 days were greater
than at 24 hours for all the experimental groups.
Significant differences were observed among the groups
of experimental GICs (p<0.0005 for each group).

20 Operative Dentistry
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Compressive Strength

The mean compressive strength of the control and
experimental groups after 24 hours and 7 days of stor-
age in water is shown in Figure 2. The compressive
strength values at 7 days were greater than at 24 hours
for all groups tested (p=0.003). The experimental
groups showed lower compressive strength when com-
pared with the control group at 24 hours and 7 days.
However, no significant differences existed between the
control and Group I at 24 hours and 7 days. No signifi-
cant differences were observed among the experimental

groups at 24 hours. However, a signifi-
cant difference was observed between
Group I and Group III after 7 days.

Bond Strength to Dentin

The shear bonding strengths for the
control and experimental groups are
shown in Figure 3 (p=0.003). The shear
bonding strengths of Groups II and III

to dentin were significantly lower than that of the con-
trol group (Figure 3). No difference in bonding
strength existed between the control and Group I.

DISCUSSION

The effects of GIC on cariogenic bacteria are known,
probably resulting from the release of fluoride, but
this information is not reliable.4,19 According to
Vermeersch and others,20 the low pH of GICs, while
setting, may contribute more to their antibacterial
properties than their fluoride-leaching capabilities.
Additionally, Yap and others21 reported that there was
no antibacterial activity despite the presence of fluo-
ride in the agar around the set materials. According
to the results of the current study, for pure GICs (con-
trol group), the set specimens did not produce bacter-
ial inhibition, although the unset specimens demon-
strated antibacterial activity. These results supported
previous studies.20-21 The antibacterial effects of unset
control specimens may be correlated with decreasing
pH during the setting reaction. Therefore, the influ-
ence of fluoride on the antimicrobial properties of
GICs may be limited, especially after the setting reac-
tion is completed.

Knowing that a large number and variety of bacteria
play a role in caries development,22 the use of a mixture
of antibiotics is probably a better choice than the use of

21Yesilyurt & Others: Glass-ionomer Cements Containing Antibiotics

Figure 1A: Streptococcus mutans HF676. Figure 1B: Lactobacillus casei ATCC27139.
For Figures 1A and 1B, the vertical bar indicates standard deviation for three replicates. (*) Control group vs other groups for set specimens. (+) Significantly
different each group vs other group for unset specimen.

Figure 1: Results of antibacterial activity test for set and unset specimens. 

Groups and added after 24 hours after 7 days

antibiotic ratios (w/w %) Mean ± SD Mean ± SD

Group I (1.5%) 0.01004 ± 0.01409 0.02952 ± 0.03819

Group II (3.0%) 0.02981 ± 0.04304 0.07980 ± 0.06475

Group III (4.5%) 0.06853 ± 0.09776 0.15770 ± 0.14079

Table 2: Concentrations (mg/ml) of Antibiotics Released from Experimental GICs

Figure 2. Compressive strengths of control and experimental GICs after 24
hours or 7 days. The vertical bar indicates standard deviation for five replicates.
*different groups **Control Group and Group I vs Group III.
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a single antibiotic, resulting from a broader spectrum
of action. A wide spectrum of antibiotic activity would
minimize the possibility of selecting resistant strains,
while the use of a single antibiotic would increase that
possibility.13 Pinherio and others13 suggested that a
GIC-containing antibiotic mixture may be used for the
treatment of carious lesions, reducing total viable bac-
teria. Sato and others23 investigated the efficiency of
ternary drug combinations (metronidazole,
ciprofloxacin and minocycline) in vivo and found, as in
vitro, that this approach was very effective in the ster-
ilization of caries lesions, necrotic pulps and infected
root dentin of deciduous teeth. Hoshino and others24

performed an in vitro study, testing the antibacterial
efficacy of these drugs, alone, and in combination,
against the bacteria of infected dentin, infected pulps
and periapical lesions. Independently, none of the
drugs resulted in complete elimination of bacteria.
However, in combination, these drugs were able to con-
sistently sterilize all the samples. These previous stud-
ies were taken into consideration in the current study.
Therefore, metronidazole, ciprofloxacin and minocy-
cline were the preferred mixture of antibiotics tested
in this research.

The results of the current study demonstrated that
the GIC-containing antibiotic mixture was effective in
inhibiting bacterial growth. Both set and unset speci-
mens containing antibiotics exhibited inhibitory
effects against S mutans and L casei compared with
the control specimens. Also, all the antibiotic-contain-
ing set specimens showed less antibacterial activity
than the unset specimens against the bacteria tested.
These results can be explained by understanding that
setting GIC materials are more soluble and, therefore,
better able to diffuse in agar gel than in the set mate-
rials. For all the groups examined, the agar-diffusion
tests showed that the size of the inhibition zones pro-
duced in the presence of S mutans and L Casei were
dependent upon the quantity of the antibiotic incorpo-
rated to the GIC.

The antibiotic compounds were solids that were
easily mixed with the GIC powder. However, in this
study, it was observed that, increasing the concen-
tration of the antibiotics had increasingly adverse
effects on the physical properties of the mixture.
When compared with the control specimens, the
compressive strength of the groups having concen-
tration ratios of 3% and 4.5% was significantly lower;
whereas, the compressive strength of the group hav-
ing a concentration ratio of 1.5% was not compro-
mised seriously at 24 hours or after 7 days. One pos-
sible explanation for these results is that the increas-
ing concentration of antibiotic powders may decrease
the reaction between the glass particles and liquid
cement, thereby increasing the number of unreacted
particles in the structure. Also, the powered antibi-
otic particles, which are added into the GIC, easily

absorb water. The absorption of water can decrease
the compressive strength of the GIC. As a result, the
low compressive strength of GICs may hamper the
use of these materials in posterior teeth for the ART
approach.

The capacity of GIC to bond chemically to enamel
and dentin, as well as its fluoride-releasing property,
is very important. Mount25 reported that the antibac-
terial capacity of GIC may be associated with the
adhesion of these materials to the cavity by an ion-
exchange layer, thereby isolating the caries lesion
from the oral environment and rendering bacterial
nutrition more difficult. In the current study, the
results of the dentin bond strength test demonstrated
a similar trend to that of the compressive strength
test results. The GICs containing 1.5% antibiotics pro-
duced bonding strengths similar to those of the control
GICs, but a significant reduction in bonding strength
was observed for GICs containing 3% and 4.5% antibi-
otics. Presumably, the lower bonding strength results
from interference in the polar and ionic attraction
between the carboxylate and inorganic ions with
dentin.

The release of antibiotics was monitored using
HPLC analysis and was observed to change in rela-
tion to concentration and time. The antibiotic release
at 24 hours was lower than after one week. Therefore,
GICs containing antibiotics may have a long-term
effect on cariogenic bacteria compared with the pure
Fuji IX GIC.

GICs containing antibiotics should be considered not
only for their caries-inhibitory properties, but also for
their safety. The incorporation of antibiotics into GICs
may increase the risk of side effects or the develop-
ment of resistance to the drugs over time. Therefore,
for use with the ART approach, until the long-term
clinical effects of these products are investigated,

22 Operative Dentistry

Figure 3. Dentin bond strengths of control and experimental GICs. The vertical
bar indicates standard deviation. *Control Group vs Group I and Group III***
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antibiotic-added GICs can be placed as a base materi-
al under GICs to which antibiotics are not added.

CONCLUSIONS

The results of this in vitro investigation demonstrated
that experimental GICs containing antibiotic mixtures
are effective in inhibiting bacteria associated with
caries. The addition of the antibiotic mixture at a con-
centration ratio of 1.5% was optimal for achieving
expected physical and bonding properties. However, the
long-term pharmacological and clinical effects of antibi-
otic-containing GICs should be investigated in future
studies.

Acknowledgements

This study was supported by Karadeniz Technical University
Committee of Research Project (Project number: 2006.127.001.4).

(Received 4 March 2008)

References

1. Massara ML, Alves JB & Brandão PR (2002) Atraumatic
restorative treatment: Clinical, ultrastructural and chemical
analysis Caries Research 36(6) 430-436.

2. Smales RJ & Yip HK (2000) The atraumatic restorative treat-
ment (ART) approach for primary teeth: Review of literature
Pediatric Dentistry 22(4) 294-298.

3. Schriks MC & van Amerongen WE (2003) Atraumatic per-
spectives of ART: Psychological and physiological aspects of
treatment with and without rotary instruments Community
Dentistry and Oral Epidemiology 31(1) 15–20.

4. Weerheijm KL, de Soet JJ, van Amerongen WE & de Graaff
J (1993) The effect of glass-ionomer cement on carious den-
tine: An in vivo study Caries Research 27(5) 417-423.

5. Weerheijm KL, Kreulen CM, de Soet JJ, Groen HJ & van
Amerongen WE (1999) Bacterial counts in carious dentine
under restorations: 2-year in vivo effects Caries Research
33(2)130-134.

6. Weerheijm KL & Groen HJ (1999) The residual caries dilem-
ma Community Dentistry and Oral Epidemiology 27(6)
436–441.

7. Van Amerongen WE (1996) Dental caries under glass
ionomer restorations Journal of Public Health Dentistry
56(Special Issue 3) 150-154.

8. Frencken JE & Holmgren CJ (1999) How effective is ART in
the management of dental caries? Community Dentistry and
Oral Epidemiology 27(6) 423-430.

9. Holmgren CJ & Frencken JE (1999) Painting the future for
ART Community Dentistry and Oral Epidemiology 27(6) 449-
453.

10. Creanor SL, Carruthers LM, Saunders WP, Strang R & Foye
RH (1994) Fluoride uptake and release characteristics of
glass ionomer cements Caries Research 28(5) 322–328.

11. Souto M & Donly KJ (1994) Caries inhibition of glass
ionomers American Journal of Dentistry 7(2) 122–124.

12. Botelho MG (2003) Inhibitory effects on selected oral bacteria
of antibacterial agents incorporated in a glass ionomer
cement Caries Research 37(2) 108–114.

13. Pinheiro SL, Simionato MR, Imparato JC & Oda M (2005)
Antibacterial activity of glass-ionomer cement containing
antibiotics on caries lesion microorganisms American
Journal of Dentistry 18(4) 261-266.

14. Takahashi Y, Imazato S, Kaneshiro AV, Ebisu S, Frencken JE
& Tay FR (2006) Antibacterial effects and physical properties
of glass-ionomer cements containing chlorhexidine for the
ART approach Dental Materials 22(7) 647-652.

15. Sanders BJ, Gregory RL, Moore K & Avery DR (2002)
Antibacterial and physical properties of resin modified glass-
ionomers combined with chlorhexidine Journal of Oral
Rehabilitation 29(6) 553–558.

16. Jedrychowski JR, Caputo AA & Kerper S (1983) Antibacterial
and mechanical properties of restorative materials combined
with chlorhexidines Journal of Oral Rehabilitation 10(5)
373-381.

17. Türkün LS, Türkün M, Ertugrul F, Ates M & Brugger S
(2008) Long-term antibacterial effects and physical proper-
ties of a chlorhexidine-containing glass ionomer cement
Journal of Esthetic and Restorative Dentistry 20(1) 29-44.

18. Palmer G, Jones FH, Billington RW & Pearson GJ (2004)
Chlorhexidine release from an experimental glass ionomer
cement Biomaterials 25(23) 5423–5431.

19. Kreulen CM, de Soet JJ, Weerheijm KL & van Amerongen
WE (1997) In vivo cariostatic effect of resin modified glass
ionomer cement and amalgam on dentine Caries Research
31(5) 384–389.

20. Vermeersch G, Leloup G, Delmee M & Vreven J (2005)
Antibacterial activity of glass-ionomer cements, compomers
and resin composites: Relationship between acidity and
material setting phase Journal of Oral Rehabilitation 32(5)
368-374.

21. Yap AU, Khor E & Foo SH (1999) Fluoride release and anti-
bacterial properties of new-generation tooth-colored restora-
tives Operative Dentistry 24(5) 297-305.

22. Van Houte J (1994) Role of micro-organisms in caries etiolo-
gy Journal of Dental Research 73(3) 672-681.

23. Sato T, Hoshino E, Uematsu H & Noda T (1993) In vitro
antimicrobial susceptibility to combinations of drugs on bac-
teria from carious and endodontic lesions of human deciduous
teeth Oral Microbiology and Immunology 8(3) 172-176.

24. Hoshino E, Kurihara-Ando N, Sato I, Uematsu H, Sato M,
Kota K & Iwaku M (1996) In-vitro antibacterial susceptibili-
ty of bacteria taken from infected root dentine to a mixture of
ciprofloxacin, metronidazole and minocycline International
Endodontic Journal 29(2) 125-130.

25. Mount GJ (1999) Glass ionomers: A review of their current
status Operative Dentistry 24(2) 115-124.

23Yesilyurt & Others: Glass-ionomer Cements Containing Antibiotics

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access




