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ABSTRACT 

Objectives: In atraumatic restorative dentistry, the usage of 

antibacterial materials with glass ionomer cements (GICs) are 

considered as beneficial for eliminating the residual caries under 

the restoration. However, adding such antibacterials to the GIC 

could lead harmful effects on the pyhsical and chemical properties 

of the cement structure. Thus, it was aimed to analyze the 

microhardness and fluoride releasing alterations of chlorhexidine 

(CHX)+benzalkonium chloride (BC) antibacterial (AB) mixtures 

which were added to the powder of conventional glass ionomer 

cement (CGIC). 

Material and Method: The powders of AB (1% CHX+1% BC) 

were added to the powders of CGIC and selected as experimental 

group (EXP). Antibacterial free CGIC was assigned as control 

(CNT). Vickers micro hardness measurements (VHN; n=10, for 

each group) and fluoride releasing (FR; n=10, for each group) 

amounts were calculated at days 1 and 7. Mann Whitney U and 

Wilcoxon tests were used for statistical analysis at a significance 

level of p<0.05. 

Results: Significantly higher VHN values were obtained in CNT 

compared to the EXP group at days 1 (p<0.001) and 7 (p<0.001). 

Significantly increased VHN values observed at day 7 compared 

to the day 1 in CNT (p<0.01) and EXP (p<0.05) groups. The FR 

amounts indicated no significant differences between CNT and 

EXP at days 1 (p>0.05) and 7 (p>0.05). Significantly higher FR 

values were shown at day 7 compared to the day 1 in CNT 

(p<0.01) and EXP (p<0.01) groups. 

Conclusions: It can be concluded that, even the usage of 1% CHX 

+ 1% BC mixtures with the CGIC may be more problematic for 

microhardness values but acceptable for fluoride releasing 

properties compared to the CNT group, reasonable time 

dependent alterations observed in VHN and FR results should not 

be overlooked for future studies. 

Key Words: conventional glass ionomer cement, chlorhexidine, 

benzalkonium chloride, surface microhardness, fluoride  

 

 

ÖZET 

Amaç: Atravmatik restoratif tedavide, antibakteriyel 

materyallerin cam iyonomer siman (CİS) ile birlikte kullanımının 

restorasyon altındaki bakterilerin eliminasyonunda yararlı olduğu 

düşünülmektedir. Bununla birlikte çeşitli antibakteriyel 

materyallerin CİS’lara eklenmesi sonucunda simanın yapısında 

zararlı fiziksel ve kimyasal değişimler oluşabilir. Bu nedenle, bu 

araştırmada Klorheksidin (KHX)+ Benzalkonyum klorit (BK) 

karışımı geleneksel cam iyonomer siman (GCİS)’ın tozunun 

içerisine katılarak mikrosertlik ve flüorür salım özelliklerindeki 

değişimlerin analiz edilmesi amaçlandı. 

Gereç ve Yöntem: %1 KHX+%1 BK karışımı GCİS’nın tozu 

içerisine katılarak deney grubu oluşturuldu (DNY). 

Antibakteriyel içermeyen GCİS ise kontrol grubu olarak 

belirlendi (KNT). Vickers mikrosertlik ölçümleri (VMS; n=10; 

her bir grupta) ve florür salım (FS; n=10, her bir grupta) miktarları 

1 ve 7. günlerde hesaplandı. Mann Whitney U ve Wilcoxon 

testleri ile p<0.05 anlamlılık düzeyinde değerlendirildi (p<0.05). 

Bulgular: Birinci (p<0.001) ve 7. (p<0.001) günlerde KNT 

grubunda DNY grubu ile karşılaştırıldığında istatistiksel olarak 

anlamlı daha yüksek VMS değerleri elde edildi. Yedinci gün 

değerleri 1.gün ile karşılaştırıldığında KNT (p<0.01) ve DNY 

(p<0.05) gruplarında anlamlı düzeyde artan VMS değerleri 

gözlendi. Florür salım miktarları 1. ve 7. Günlerde KNT (p>0.05) 

ve DNY (p>0.05) grupları arasında anlamlı farklılık göstermedi. 

Yedinci gün değerleri 1.gün ile karşılaştırıldığında ise KNT 

(p<0.01) ve DNY (p<0.01) gruplarında anlamlı düzeyde daha 

yüksek FS değerleri gösterdi. 

Sonuç: %1 KHX+%1 BK karışımının GCİS ile birlikte 

kullanımın mikrosertlik değerleri için problemli ancak florür 

salım özellikleri için KNT grubuna göre daha az ciddi sorun 

oluşturmasının yanısıra, VMS ve FS sonuçlarının zamana bağlı 

olarak değişimlerinin kabul edilebilir olduğu konusunun, 

gelecekte yapılacak olan araştırmalarda göz ardı edilmemesi 

gerektiği kanısına varılabilir. 

Anahtar kelimeler: geleneksel cam iyonomer siman, 

klorheksidin, benzalkonyum klorid, yüzey mikrosertliği, florür 
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INTRODUCTION 

It has been well known that the atraumatic 

restorative treatment (ART) is a less invasive 

way of excavate the carious dentine by hand 

instruments and restoring the cavities with glass 

ionomer cement (GIC).1-3 Since the carious 

tissue could not be completely eliminated in 

ART procedure, the potential fluoride releasing 

properties of GICs could not be sufficient in 

terms of inhibiting residual bacteria.4-6 To 

overcome the residual caries problem, previous 

studies reported that the incorporation of 

antibacterial materials such as chlorhexidine 

(CHX), cetrimide, cetylpyridinium chloride, 

benzalkonium chloride (BC) and any other 

substances, distinctly or in different 

combinations form into GICs could enhance 

antimicrobial properties against the caries 

associated bacteria.7-21  

 It has been emphasized that the basic 

structure of the material should not be seriously 

impaired when GICs are modified with the 

various concentrations of the antibacterial 

materials while enhancing antimicrobial 

efficiency. It is also clear in the literature that 

the usage of microhardness testing in different 

time intervals are very useful to test the 

alterations for antibacterial/glass ionomer 

combinations.7,8,10-12,15,16,19,20-21 However, 

adding various antibacterial components may 

commonly impair basic structural surface 

hardness values.7,8,10,15,16,19 Moreover, chemical 

properties such as fluoride releasing profile of 

antibacterial/GIC combinations have been also 

tested in previous reports by using the fluoride 

ion-selective electrode and investigators 

reported such conflicting results in different 

conditions.17,19,20  

 Because of the above reasons; the aim of 

this study is to analyze the chlorhexidine 

(CHX)/benzalkonium chloride (BC) mixtures 

incorporated into the conventional glass 

ionomer cement (CGIC) by means of the 

microhardness and fluoride releasing alterations 

from days 1 to 7.   

MATERIAL AND METHOD 

Ketac Molar (KM) (3M ESPE, Seefeld, 

Germany) which is a conventional glass 

ionomer cement used as a control group (CNT-

antibacterial free). Powders mixing of 1% 

Chlorhexidine diacetate (CHX) (Serva, 

Heidelberg, Germany)/ 1% Benzalkonium 

chloride (BC) (Sigma-Aldrich, Taufkirchen 

Germany) was incorporated into the powder of 

conventional GICs (w/w) and served as 

experimental group (EXP-antibacterial added; a 

total of 2% concentration). 

Microhardness Test  

A total of 20 (n=10; for each group) GIC 

samples 5 mm in diameter and 2 mm deep were 

prepared. Samples were prepared according to 

the instructions of manufacturers’ directions. 

After the completion of setting reaction, 

samples were placed into the plastic tubes 

containing distilled water and stored at 37°C for 

24 hours. After 24 hours, the measurements of 

Vickers microhardness (HMV-700, Shimadzu, 

Tokyo, Japan) numbers were carried out by 

dividing the each sample into four quadrants 

and four different measurements were 

performed under a load of 200 g and 10 seconds 

out on the top of the surface of each specimen. 

The average of the measurements were recorded 

as the Vickers microhardness of the material as 

day 1 values. Above mentioned same procedures 

were also performed again after storing the 

samples in distilled water up to day 7. 

Fluoride Releasing Measurements  

Glass ionomer cement samples of 5 mm in 

diameter and 2 mm in depth (a total of 20 

samples; n=10 for each group) were prepared 

for fluoride determination. Samples were stored 

in distilled water at 37°C for 24 hours. Fluoride 

standards were prepared from 100 ppm standard 

solution by dilution with deionized water and 

applied for the calibration of the F¯ ion selective 

electrode (Thermo-Orion, Massachusetts, 

USA). The potential measurements were 

carried out at room temperature with an 
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ionmeter (Thermo-Orion, Massachusetts, 

USA). A calibration curve was constituted with 

the values of the known standards. Each 

measurement was performed in triplicate to 

check the reliability of the procedure. The data 

provided from the cement samples were 

calculated according to this curve. The 

cumulative fluoride concentrations were 

evaluated at days 1 and 7 by renewing batch 

procedure. Between the periods, the samples 

were stored in distilled water. The results were 

evaluated in terms of μg/mm2 by calculating the 

amount of fluoride ion released from the sample 

surface to the unit area. 

Statistical analysis 

Statistical data analysis was performed with 

SPSS for 17.0 Windows (SPSS Inc., Chicago, 

IL, USA). Shapiro Wilk test was used for testing 

the normality of data. MannWhitney U-test was 

used for the comparison of CNT and EXP 

groups at days 1 and 7. To compare the time 

dependent changes for individual group (CNT 

and EXP), Wilcoxon signed rank test was used. 

The confidence interval of 95% (p<0.05) was 

chosen as significantly different for the all tests.  

RESULTS 

Significantly higher microhardness values were 

obtained in CNT compared to the EXP group 

for both days 1 (p<0.001) and 7 (p<0.001). 

Significantly higher microhardness values were 

also obtained at day 7 when compared to with 

the 1 day measurements for CNT (p=0.005) and 

EXP (p=0.022) groups, distinctly (Table 1).  

Table 1. Microhardness values; median (min-max) and 

comparison of CNT and EXP groups 

 
*In each column, significant differences were given with different 

superscript capital letters between CNT and EXP groups (A-B 

p<0.001). **In each row, significant differences were given with 
different superscript lower-case letters between days 1 and 7 in 

CNT (a-bp=0.005; p<0.01) and EXP (c-dp=0.022; p<0.05) groups. 

 

No significant differences were observed 

between CNT and EXP groups at days 1 

(p=0.494) and 7 (p=0.211) according to the 

fluoride releasing amounts. Significantly higher 

fluoride releasing values were obtained at day 7 

compared to the day 1 in CNT (p=0.005) and 

EXP groups (p=0.005) (Table 2). 

Table 2. Fluoride releasing values; median (min-max) (µg/mm2) 

and comparison of CNT and EXP groups 

 
*In each column, same superscript capital letters between CNT 
and EXP groups indicate no differences (A-A p>0.05). **In each 

row, significant differences were given with different superscript 

lower case letters between days 1 and 7 in CNT (a-bp=0.005; 
p<0.01) and EXP (a-bp=0.005; p<0.01) groups. 

DISCUSSION 

According to the findings of this study, it can be 

concluded that the usage of CHX 1% CHX+ 1% 

BC+ GIC combination might exhibit negative 

surface alterations with acceptable fluoride 

releasing properties compared to the CNT 

group in tested periods. However, this 

combination indicates promising increased 

microhardness and fluoride releasing values 

which would not be ignored for the future study 

designs. Any antibacterial test method which was 

not done in this study could be considered as a 

limitation. But the findings from previous 

reports, it could be clearly detected that CHX and 

BC had shown antibacterial effects individually 

and/or in combination with other antibacterial 

substances.7,9,11,14-16,19,21 Nevertheless, the 

antibacterial effect of this certain combination 

could also be tested for future study designs.  

 Evidences from previous reports exhibited 

the need for GIC+antibacterial combination 

specifically for the ART procedures.10-20 

Besides testing antibacterial actions, 

investigators commonly highlighted the basic 

properties of GIC+antibacterial combination 

should not be altered seriously which could lead 

a restoration failure if they would have a chance 

to be used as restorative material.12,15,16,18,19-21 

From that point of view, the present study tested 

 

Groups 

(n=10) 

Vickers Microhardness Values median (min-max) 

Day 1 Day 7 p value 

CNT 
67.46A,a 

(61.66-71.60) 

76.71A,b 

(70.3-78.36) 

 

p=0.005;p<0.01 

EXP 
59.94B,c 

(51.32-63.88) 

64.41B,d 

(60.35-69.13) 

 

p=0.022;p<0.05 

p value p<0.001 p<0.001  
 

Groups 

(n=10) 

Fluoride releasing values median (min-max) 

Day1 Day 7 p value 

CNT 
 0.20A,a 

(0.16-0.25) 

0.52A,b 

(0.39-0.59) 

 

p=0.005;p<0.01 

EXP  
0.19A,c 

(0.12-0.25) 

0.44A,d 

(0.35-0.62) 

 

p=0.005;p<0.01 

p value p=0.494; p>0.05 p=0.211;p>0.05  
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microhardness and fluoride releasing properties 

of commonly used antibacterials namely CHX 

and BC for GIC+antibacterial studies.9-12,14-16 

Additionally,  the reason that selecting of 1% 

for CHX and 1% for BC (a total of 2%) is 

clearly related with the fact that the 

concentrations of antibacterials might be added 

as much as possible little amounts to provide 

antibacterial activity without seriously 

deteriorating the physical and chemical 

properties.14-16,19,21 

 As is known, the microhardness testing 

method is an accurate and valuable way to 

detect the clinical performance of GIC.23 

Because of this reason the microhardness test 

was used for to compare the changes in surface 

hardness between EXP and CNT groups as 

similar with the previous studies.7,8,10,15,16,19 

Present findings revealed that the EXP group 

exhibited poor microhardness values compared 

to the CNT group for both tested time periods. 

This finding is almost consistent with the 

previous reports.8,15,16,19 Moreover, prominent 

increase found from days 1 to 7 in EXP group 

could also be considered as promising results. 

Türkün et al.16 also reported the significantly 

increased microhardness values from days 1 to 

7. In a previous study, it was also shown that the 

significantly increased microhardness values 

found in 1% CHX+GIC and 1% BC+GIC 

groups from day 1 to 7 as similar with the 

present study. They also indicated inwhich the 

day 7 would be a critical point for 

GIC+antibacterial combinations when testing 

microhardness values.8 Even, negative and 

discouraging findings found between EXP and 

CNT groups, significantly increased values 

obtained in EXP group up to 7 day. By the way, 

present findings may give an indication about 

the incorporation of 1% CHX+1% BC to the 

GIC resulting at softened but measurable 

surfaces during the study period. This finding 

also encouraged the idea of testing this 

combination after day 7 period to detect exact 

findings for future long-term in-vitro studies 

and/or clinical scenarios. 

 Fluoride-releasing skills of GICs are 

important for improving resistance of bacterial 

accumulation in an oral enviroment.23-28 The 

well known ion selective electrode method 

which was found as simple and realistic way to 

determine fluoride ions in GICs was also used 

as similar with the recent studies.17,19,23,26-28 

Previous reports indicated the lower fluoride 

releasing values but insignificant differences of 

antibacterial components incorporated into the 

GIC compared to the controls.17,19 These 

findings are consistent with the present findings 

of the study. Such studies also showed  time 

dependent decreases with regards to fluoride 

releasing profile of GIC+antibacterial17,19,20 

combinations or antibacterial free GICs.23,24 

Surprisingly, significantly increased  amounts 

found in EXP group from days 1 to 7 in the 

present study as contradict with the previous 

data17,19,20 might be explained  by the different 

methods utilized in in-vitro studies such as 

concentration and combination properties of 

antibacterials, powder/liquid alterations during 

mixing period, temperature, storing conditions, 

pH of the storage environment and volume. 

Moreover, the findings found in the present 

study extrapolated the idea of using CHX+BC 

at the concentration of a total of 2% would 

provide reasonable fluoride releasing pattern 

that would also be important for bacterial 

elimination in ART procedures.  

 Nevertheless, even the findings of this 

study have such negative and promising results, 

it should not be overlooked that the study design 

is constituted as in in-vitro condition which is 

not always mimic the oral environment and can 

be influenced by various factors. Thus, the 

mixture tested in this study should carefully 

screened in further in-vitro or in-vivo studies 

and they must be designed by caring the 

advantages and disadvantages of present 

results. 

CONCLUSION 

Within the limitations of this in-vitro study, 

although  incorporation of 1% CHX+1% BC 
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(powders, a total of 2% concentration) 

antibacterials to the powder of conventional 

GIC revealed a hopeless microhardness 

alterations compared to the antibacterial free 

GIC at days 1 and 7, the acceptable and 

promising time related findings including 

microhardness and fluoride releasing values 

must be taken into account for future study 

designs as for the antibacterial added GIC 

innovations for ART procedures. 
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