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THE EFFECT OF HEAT APPLICATION ON FLUORIDE RELEASE FROM 

ANTIBACTERIAL AGENT ADDED GLASS IONOMER CEMENT 

 

ABSTRACT 

Objectives: This study aimed to evaluate the effect of heat on the fluoride (F−) releasing 

ability of glass ionomer cement (GIC) when used in the conventional form and when 

combined with 5% cetylpryridium chloride (CPC). 

Materials and Methods: Twenty (n=5; each group) GIC samples were prepared, with 

the experimental group comprising GIC combined with 5% CPC and the control group 

comprising GIC without 5% CPC. The samples were prepared by non-heating (NH) 

procedures (n = 10) or by heating (H) for 60 seconds (n = 10) with a Light Emitting 

Diode (LED). Flouride releasing pattern was evaluated on days 1, 7, 15 and 30. 

Repeated measurements using two-way ANOVA and Fisher’s LSD test were used for 

comparisons (p < 0.05). 

Results: Interactions among the groups, application of heat, and the time at which F− 

release was evaluated were analyzed (p < 0.001). There was no significant difference 

in F− release in the NH control and experimental groups on days 1, 7 and 15; however 

a significant release was evident in the experimental group on day 30 (p=0.01). 

Significantly higher values were obtained in the H associated control group than in the 

experimental group on days 1 (p=0.026), 7 (p = 0.001), 15 (p=0.005) and 30 (p=0.028). 

Significantly increased values were obtained from days 1 to 30 by NH and H procedures 

for both the groups (p<0.001). 

Conclusions: Heating in the control and experimental groups showed an increased F− 

releasing pattern. The fluoride release on 60 seconds of heating GIC containing 5% 

CPC, can have acceptable values for up to 30 days. The increased F− releasing pattern 

after the heating is believed to be promising for antibacterial GIC combinations. 
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INTRODUCTION 

Although dental caries is one of the most common 

oral diseases worldwide, it can neither be treated 

completely in the underdeveloped societies nor can 

become a priority in the developing and 

industrialized countries over social, economic, 

political and other issues.1,2 According to 

Blinkhorn and Davies3, the main reasons for 

inability to provide dental care are expensive dental 

equipment and inability to meet the demand for a 

highly trained staff. In 1994, the atraumatic 

restorative treatment technique (ART) was 

discovered by the World Health Organization to 

overcome these difficulties.4 In ART, which is a 

form of mostly painless restorative treatment, 

cavitations are restored with a biocompatible 

material that does not cause bacterial invasion. 

Glass ionomer cement (GIC) is generally preferred 

for this treatment because of its chemical 

attachment to enamel and dentin, fluoride release 

and the ease of use.5 Despite numerous advantages 

of GIC as a restorative material, it has a few 

disadvantages in terms of secondary cavities and 

poor mechanical properties.6 

 There are numerous methods with modified 

properties used to overcome the disadvantageous 

of GIC. Materials such as routine hydroxyapatite, 

bioactive glass and strontium have been added to 

improve the physical and antibacterial (AB) 

properties of GIC.7-9 It has been reported10,11 that 

bactericidal materials such as chlorhexidine 

(CHX), have been used in a variety of studies, in 

which the AB efficiency of GICs has been 

observed to increase. In addition, the use of 

materials such as cetrimide (CT ), cetylpyridinium 

chloride (CPC) and benzalkonium chloride (BC) 

from quaternary ammonium compounds (QAC) in 

combination with GIC are evaluated because their 

chemical properties are similar to those of CHX 

with AB activity.10-14 The CPC, used in this study 

is a cationic QAC and an antiseptic.15-16 

 One of the most important advantages of GICs 

is the property of fluoride release. The fluoride ion 

(F−) can increase the ambient pH and prevent 

acidity by inhibiting the carbohydrate metabolism 

of the surrounding bacteria. This process is called 

buffering and is believed to be useful in the 

prevention of dental caries in future.17 It is stated 

that AB agents alter the physical properties of the 

glass ionomer and even reduce F− release and that 

the interaction between cationic molecules and F− 

causes less soluble salt precipitation. Therefore, 

studies aim to achieve the F− releasing ability of the 

modified GIC similar to that of the original GIC.18 

 When an AB agent is added to contents GIC, its 

physical and chemical properties may weaken. 

During the curing process of the material, it is 

possible to shorten the initial period of the curing 

reaction by applying heat with a light-emitting 

diode (LED), thus keeping the process, in which it 

is susceptible to moisture, as short as possible. This 

aids in to preventing potential weakening of the 

physical and chemical properties of GIC after AB 

addition and to further strengthen its existing 

properties.19 

 The aim of this research was to evaluate F¯ 

release of CPC added conventional GIC under the 

effect of heat application.  

MATERIALS AND METHODS 

In this study, 20 GIC samples (3M ESPE-KetacTM 

Molar Easymix), with and without 5% CPC 

(Amresco, Ohio, USA), were used to prepare discs 

with 10 mm diameter and 2 mm thickness. The 

experimental group comprised GIC combined with 

5% CPC in the powder form weighed using 

microbalances. Heat (H) generated by LED (3M 

ESPE, Germany) was applied to 10 samples for 60 

seconds whereas no heat (NH) was applied to the 

10 samples. The sample discs were placed in 

plastic cylindrical containers of diameter 32 mm, 

and height 50 mm, which contained 5 ml deionized 

water (pH of approximately 7). The samples were 

incubated at 37°C in the oven (Nüve-FN 500). 

Solutions of 100 ppm, 10 ppm, 1 ppm, 0.1 ppm, 

and 0.01 ppm were prepared by diluting 100 ppm 

of standard fluoride solution (Thermo Orion, 

Indonesia) with deionized water. A calibration 

procedure was performed on the F− selective 

electrode (Thermo Orion, Indonesia) before 

measurement, and the values obtained by 

measuring these standards were recorded.  To 

measure F− in the test samples, GIC discs were 

transferred into a new plastic tube and put into a 

drying-oven by adding 5 ml deionized water; 0.5 

ml ionic strength stabilizing total ionic strength 
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adjustment buffer (TISAB) III solution (Therme 

Orion) was added to the liquid of the other 5 ml test 

sample. Fluoride measurements were performed 

using an ion meter (Thermo Orion, Indonesia) at 

room temperature. Cumulative fluoride release 

values on the 1st, 7th, 15th and 30th days were 

observed. Calibration curves were generated by 

calculating the data obtained with the known 

standard values. The data obtained from the test 

samples were calculated according to this curve. 

The results were evaluated as μg /mm2 after 

calculating the amount of F− released from the unit 

area on the sample surface.    

Statistical Evaluation 

Statistical Package for Social Sciences [(SPSS) 

17.0 Windows (SPSS Inc. Chicago, Ill., USA)] was 

used for statistical evaluation. Two-way ANOVA 

and Fisher’s LSD test were used for repeated 

measurements in statistical evaluation (p < 0.05). 

The confidence interval was set at 95%. 

RESULTS   

Interactions among the time, at which F− release 

was recorded, application of heat and the study 

groups exhibited statistically significant values 

(p<0.01, Table 1).  

Table 1. Interaction effects of repeated measurements of two-way ANOVA 

When F− release values on the 1st, 7th, 15th and 30th 

days were compared between the NH control and 

experimental groups, no statistically significant 

difference was found (p>0.05) on the 1st (p = 0.33), 

7th (p = 0.14 ) and 15th (p = 0.77) days; however, on 

the30th day, the increase in fluoride release was 

statistically significant in the experimental group 

compared with that in  the control group (p = 0.01; 

p < 0.05; Table 2).   

Table 2. Differences between non-heated control and non-heated experimental groups at different time periods 
 1st day 

mean±sd 

7th day 

mean±sd 

15th day 

mean±sd 

30th day 

mean±sd 

Control (n=5) 0.05±0.01 0.20±0.03 0.25±0.04 0.36±0.05 

Experimental (n=5) 0.08±0.02 0.28±0.06 0.38±0.09 0.56±0.13 

p value 0.33 0.14 0.77 0.01 
*Significantly different values were obtained between control and experimental groups on the 30th day (p=0.01). 
 

When changes between the H control and 

experimental groups were evaluated, it was found 

that the values were statistically significant (Table 

3) on the 1st (p = 0.026; p < 0.05), 7th (p = 0.001; p 

< 0.01), 15th (p = 0.005; p < 0.01) and 30th (p = 

0.028; p < 0.05) days. At all these times, more F− 

was released in the control group than in the 

experimental group. Significantly higher values 

were observed after the H procedures than after the 

NH procedures on the 1st, 7th, 15th  and 30th days for 

the control (for all; p < 0.001, Table 4)  and on 

the1st (p < 0.001), 7th  (p = 0.003), 15th  (p = 0.011 ) 

and 30th days (p = 0.029) for the experimental 

groups, individually (Table 5).  

 

Table 3. Differences between heated control and heated experimental groups at different time periods 
 1st day 

mean±sd 

7th day 

mean±sd 

15th day 

mean±sd 

30th day 

mean±sd 

Control (n=5) 0.26±0.06 0.68±0.10 0.80±0.11 0.93±0.07 

Experimental (n=5) 0.20±0.04 0.47±0.12 0.58±0.15 0.75±0.19 

p value 0.026 0.001 0.005 0.028 
*Significant differences were found between control and experimental groups on the 1st (p<0.05), 7th (p<0.01), 15th (p<0.01) and 30th days (p<0.05). 
 

  

   
Type III sum 

squares 
df Mean square F p value 

Time   2.687 3 0.896 436.279 p< 0.001 

Time-Group  0.16 3 0.005 2.593 0.063 

Time –Heating 0.147 3 0.049 23.946 p< 0.001 

Time-Group-Heating 0.70 3 0.023 11.421 p< 0.001 
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Table 4. Time-dependent variation in fluoride release in control groups 

 

Control                p value 

p <0.001; for all comparisons 

    

  (pA-B,A-C,A-D,B-C,B-D,C-D<0.01) 

 

p <0.001; for all comparisons 

     

 (PE-F,E-G,E-H,F-G,F-H,G-H<0.01) 

1st day 

mean±sd 

7th day 

mean±sd 

15th day 

mean±sd 

30th day 

mean±sd 

Heated  0.26±0.06A,a 0.68±0.10B,a 0.80±0.11C,a 0.93±0.07D,a 

Non-

heated  
0.05±0.01E,b 0.20±0.03F,b 0.25±0.04G,b 0.36±0.05H,b 

*A statistically significant increase was observed in non-heated control groups from day 1st to 30th (p<0.01). 

*A statistically significant increase was observed in heated control group from day 1st to 30th (p<0.001). 

*The fluoride release in the control group increased at a statistically significant level from day 1st to 30th with the application of heat (pa-b<0.001, 
p<0.05). 

 

Table 5. Time dependent alterations in fluoride release for experimental group 

*Statistically significant increase was observed in heated experimental groups from day 1st to 30th (p<0.01). 

*The fluoride release in the experimental group increased at a statistically significant level from day 1st to 30th with the application of heat (pA-

B<0.001, pC-D=0.003, pE-F=0.011, pG-H=0.029, p<0.05). 
 

There was a statistically significant increase in F− 

release from days 1 to day 30 in NH and H control 

groups (p < 0.001; Table 4) and experimental 

groups (Table 5, Figure 1).  

 
Figure 1. Time dependent alterations in fluoride release in all groups 

DISCUSSION  

Heating of samples in the control and experimental 

groups showed an increased F− release pattern. The 

fluoride release from GIC containing 5% CPC on 

heating for 60 seconds could have acceptable 

increased values for up to 30 days. 

McComb,Ericson,20 DeSchepper et al.21 and 

Vermeersch et al.22 suggested that GIC is 

antimicrobial because of  F− release and/or acidity, 

but the results of previous investigations about the 

AB effects of both F− and low pH are 

controversial.23,24 Furthermore, the reduction in 

bacterial counts obtained by placing conventional 

GICs in cavities is not reliable; therefore, AB 

agent-modified GICs would provide an alternative 

approach.10,11,25    The combination of GICs and AB 

agents, particularly QACs,  has been studied in 

previous studies.11,12,26  However, it has been 

pointed out that the AB agents alter the physical 

properties of the glass ionomer.27 The interaction 

between the cationic molecules and F− ions has 

been reported to cause less soluble salt 

precipitation. Thus, studies aim to achieve a F¯ 

releasing ability of the modified GIC, similar to 

that of the original GIC.12,14,18 

 In experimental studies, ion-selective electrodes 

are widely used in the analysis of F− ions, because 

they are practical to use and yield accurate results 

when used in accordance with the rules.18,28,29  

Total ionic strength adjustment buffer solution is 

used in the studies on F− ion analysis for GICs. The 

buffer solution is added to control pH and prevent 

the formation of F− ion complex structure.28,29   

 In the NH control and experimental groups in 

our study, although more F− was released in the 

experimental group at all the times, only the value 

 

Experimental p value 

Pa-b=0.002 

Pa-c=0.002 

Pa-d=0.001 

Pb-c=0.003 

Pb-d=0.001 

Pc-d<0.001 

 

Pe-f=0.001 

Pe-g=0.001 

Pe-h=0.001 

Pf-g=0.001 

Pf-h=0.001 

Pg-h=0.001 

1st day 

Mean±sd 

7th day 

mean±sd 

15th day 

mean±sd 

30th day 

mean±sd 

Heated  0.20±0.04a,A 0.47±0.12b,C 0.58±0.15c,E 0.75±0.19d,G 

Non-heated  0.08±0.02e,B 0.28±0.06f,D 0.38±0.09g,F 0.56±0.13h,H 
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on the 30th day was statistically significant. The 

fluoride release in the experimental and control 

groups increased by a statistically significant level 

over time. Tüzüner et al.30 evaluated the amount of 

F− ions released on the 1st, 7th, 15th and 30th days in 

an experimental group using a mixture of Fuji IX, 

Ketac Molar powder, 2.5% CHX, and 2.5% CT 

powder and in the control group using Fuji IX and 

Ketac Molar with no AB agent. As a result, less F− 

ions were released in the experimental groups that 

were combined with an AB agent at all the times 

compared with the control group, but this did not 

cause a statistically significant difference. In 

addition, there was a decrease in the F− ion release 

in all the groups over time. Elsaka et al.31 

investigated the cumulative F− release and AB 

properties of modified GIC on the 1st, 7th and 28th 

days in their study, in which they added AB-

effective titanium-dioxide (TiO2) nanoparticles to 

conventional GIC. Similar release patterns were 

observed between the control group excluding 

titanium dioxide and experimental group. The 

highest release was observed during the first 24 

hours, and the values declined over time. There was 

no statistically significant difference between the 

experimental and control groups in terms of the 

cumulative F− release pattern. Hoszek and 

Ericson18 found that F− release was lower in the 

experimental group than in the control group on 

addition of 10% CHX to GIC. However, they 

reported no statistically significant difference 

between the experimental and control groups in 

terms of F− ion release levels (p>0.05) and 

predicted that poorly soluble salt precipitates 

resulted from the interaction of cationic molecules 

and F− ions resulting in this situation. The lack of 

statistically significant differences between the 

experimental and control groups in these three 

studies is consistent with the fact that the F− release 

values on the 7th and 15th days in this study do not 

result in a statistically significant difference 

between the control and experimental groups; 

conversely, the decreasing F− release values over 

time and increased F− release in the control group 

contradicted the results of this study. Hu et al.32 

found that the F− release values of GIC modified 

with epigallocatechin-3-gallate (EGCG) and CHX 

did not show any significant difference between the 

control and experimental groups, and reported that 

F− release was the highest in the GIC + CHX group 

and lowest in the control group at the 24th hour after 

hardening, and this was parallel with the higher F− 

release in the experimental group in our study. All 

the groups showed a decrease toward the 7th day. 

However, the F− values on the 7th day were 

measurable. The decreasing F− values contradicted 

the results of our study. 

 When we evaluated the effect of heat 

application on the groups in terms of the F− release, 

the values in the control group were higher than 

those in the experimental group at a statistically 

significant level at all the times. As in the NH 

experimental and control groups, there was a 

significantly increasing F− release over time in the 

H groups.  On analyzing the control and 

experiment groups individually, we found that heat 

application caused significantly more F− release. 

As far as we have reviewed the previous literature, 

there have been no studies investigating how heat 

application affects F− release in GIC. However, 

there have been many studies exhibiting how the 

physical and chemical properties of conventional 

GICs and other dental materials are affected by 

radiant heat application.33-35 Tolidis et al.34 

examined the effects of radiant heat and ultrasonic 

heat applied by LED on GIC in their study with 

working groups. No heat treatment was applied in 

the control group, and radiant heat with LED was 

applied for 2 minutes and ultrasound for 55 seconds 

in the experimental group. The fluoride release 

values on the 7th, 14th and 28th days was assessed. 

The radiant heat applied during hardening reduces 

the release of F−.  Furthermore F− release decreased 

and surface hardness increased after ultrasonic 

treatment. Rafeek35 applied only heat and heat 

along with pressure, both on conventional and 

resin-modified GICs and investigated the effect of 

these treatments on some physical characteristics 

of GICs and F− release. The presence of heat was 

found to produce no significant result on 

conventional GIC; however, it reduced the release 

of F− in resin-modified GIC. It is thought that the 

F− release decreases whereas the physical 

properties of the resin modified by the heat 

application strengthen in accordance to the study 

limitations.  
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 When we compared the unmodified control 

group of our study with all those of the studies 

mentioned above, we found that the reduced F− 

release caused by heat application was not 

consistent with the results of our study. It may be 

considered that the differences in all F− release 

patterns in the NH control/ experimental and H 

control groups that contradict with the literature are 

owing  to the experimental variables in in-vitro 

studies, such as the internal structure of the 

material, including the composition, geometric 

structure, solubility, and porosity of the material 

used, the powder/ liquid ratio during the 

preparation, the amount and size of the sample, 

ambient temperature, surface applications, such as 

Vaseline or varnish on the material, ambient pH/  

volume, different measurement methods,  and other 

unknown factors.18,25,36  

 However, compared with the previous studies, 

it can be considered that heat application may 

increase F− release from the GIC combined with 

antibacterial materials, and this may be beneficial 

and promising for future studies.  

CONCLUSIONS 

As a result of our research conducted under in- 

vitro conditions, a significant increase in fluoride 

release in both conventional and GICs modified 

with an antibacterial agent at all time periods, as a 

result of heat application, can be considered 

promising for the fluoride release levels of GIC 

materials and future research. According to the 

results, when GIC is used in the ART techniques 

60 seconds of heat administration will reduce the 

decay level occurring at the bottom of the face and 

teeth with binding surface are promising in clinical 

be said. 
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Antibakteriyel Ajan İlave Edilen Cam İyonomer 

Simanda Isı Uygulamasının Florür Salımına Etkisi 

ÖZ 

Amaç: Çalışmanın amacı konvansiyonel yapıda olan ve 

%5 cetylpryridium chloride (CPC) ile kombine edilen 

cam iyonomer simanda (CİS) florür (F−) salımına, ısının 

etkisini değerlendirmektir. Gereç ve Yöntemler: %5 

cetylpryridium chloride (CPC) ile kombine edilen deney 

ve %5 CPC içermeyen kontrol grubundan oluşan yirmi 

adet (n=5; her grupta) CİS örneği hazırlandı. 

Örneklerden 10 tanesine ısı uygulanmadı (IU), diğer 10 

tanesine ise 60 sn Light Emitting Diode (LED) ışık 

kaynağı ile oluşturulan ısı etkisi (IE) altında uygulama 

yapıldı. Bir, 7, 15 ve 30. günlerdeki F− salımı gözlendi. 

Karşılaştırmalar için iki yönlü ANOVA ve Fisher’s LSD 

testinin tekrarlanan ölçümleri kullanıldı (p<0,05). 

Bulgular: Florür salımının değerlendirildiği grup, ısı ve 

zaman değişkenleri arasındaki etkileşimler analiz edildi 

(p<0,001). Bir, 7 ve 15. günlerdeki IU kontrol ve deney 

gruplarında F- salımı açısından anlamlı bir fark yoktu, 

ancak 30. günde deney grubunda anlamlı bir F− salımı 

vardı (p=0,01). Isı etkisi altında kontrol grubu için 1 

(p=0,026), 7 (p=0,001), 15 (p=0,005) ve 30. (p=0,028) 

günlerde deney grubuna kıyasla anlamlı olarak daha 

yüksek değerler elde edildi. Hem IU hem de IE altındaki 

her iki grupta da 1 ila 30 gün arasında anlamlı olarak 

artan değerler elde edildi (p<0,001). Sonuç: Isı 

etkisinin kontrol ve deney gruplarında F−salımını 

arttırdığı gözlendi. 60 sn ısı uygulanan %5 CPC eklenen 

CİS F−düzeyinde 30. güne kadar kabul edilebilir bir 

artış gözlendi. Isı uygulaması; antibakteriyel eklenmiş 

CİS’lerin florür salım düzeyleri için ümit vaat edicidir. 

Anahtar kelimeler: Anti-bakteriyel ajanlar, cam 

iyonomer siman, florürler, ısıtma. 
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