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ABSTRACT 

BACKGROUND 

Fluoride ion-releasing Atraumatic Restorative Treatment (ART) materials are effective in the prevention of secondary caries. 

Hence, we have developed new and cost-effective ARTs. 

The objective of this study is to assess the fluoride releasing capacity of two newly developed Atraumatic Restorative 

Treatment (ART) materials. 

 

MATERIALS AND METHODS 

Deionized water and freshly prepared artificial saliva were employed to estimate the level of fluoride ion released by two newly-

developed atraumatic restorative treatment materials (ART-I and ART-II). The release of fluoride anion (F-) released at time-points 

of 1.0, 24, 168, 360, 720 and 1,440 hrs. were monitored by using an F-Ion-Selective Electrode (ISE) in both media. Statistical 

analysis was performed using a fixed-effects ANOVA model, together with polynomial and logistic regression approaches. 

 

RESULTS 

Fluoride release in deionized water: The mean F- released from ART-I material was 9.8 ppm after 1 hr., which increased to a 

maximum of 40.5 ppm after 168 hrs. However, the F- released by the ART-II material was 15.7 ppm after 1.0 hr. and 52.7 ppm at 

the 168 hrs. time-point. Fluoride release in artificial saliva: F- released from the ART-I material was found to be 6.5 ppm after 1.0 

hr. and 48.0 ppm at 168 hrs. For ART-II, the F- released was 16.12 ppm after 1 hr. a value increasing to a maximum of 35.0 ppm at 

168 hrs. 

 

CONCLUSION 

Both the ART-I and II biomaterials were found to release F- throughout the physiologically-relevant study time-periods 

incorporated within the experimental design. 
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BACKGROUND 

Dental caries is a multifactorial disease, which damages tooth 
structure and results in the formation of cavities within hard 
tissues such as enamel, dentine and cementum. The 
conventional treatment for dental caries is removal of 
decayed hard tissues via drilling with an aerator followed by 
restoration with a suitable filling material such as amalgams, 
composites and glass ionomers, etc.  
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Many patients avoid dental treatment in view of the pain 

and discomfort, commonly experienced with conventional 

cavity preparation with dental drilling episodes.[1] 

In order to overcome the limitations of conventional 

restorative treatment, Atraumatic Restorative Treatment 

materials (ARTs) were introduced in 1985, mainly for 

treating caries amongst children from under-served areas.[2] 

ART represents a minimal intervention approach and is 

recommended by the World Health Organisation.[3] The ART 

technique involves the removal of soft, demineralised tooth 

tissue using only hand-held instruments (such as an 

excavator, a process which forgoes the use of any drilling 

facilities) followed by filling the cavity with an adhesive 

dental restorative material (ART). This treatment is 

convenient and can be administered/ rendered by a primary 

healthcare provider.[4,5] 



Jemds.com Original Research Article 

 

J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 7/ Issue 30/ July 23, 2018                                                                            Page 3424 
 
 
 

Several materials are used for ART restoration and 

examples include glass ionomer cements (GIC, e.g. Fuji IX), 

which has anti-cariogenic properties in view of their fluoride 

ion (F-)-releasing capacities. These materials are highly 

recommended by the WHO, especially for under-served 

communities.[6] 

Since F- ion-releasing ART materials are effective in the 

prevention of secondary caries,[7-9] in this study we have 

developed new and cost-effective ARTs. In this context, 

determinations of the F-releasing capacity of new ART 

materials is of much important. Therefore, the major 

objective of this study was to monitor the F-releasing 

capacity of two newly-developed ART materials.[9] 

 

MATERIALS AND METHODS 

Sample Preparation 

A total of 12 samples were prepared for each of two different 

ART compositions, ART-I and ART-II [Table 1]. Each 

composition was prepared and placed in a disc-shaped mould 

measuring 7 mm x 3.5 mm. The mould filled with these 

samples was primarily retained at ambient (room) 

temperature for 15 mins. and then stored in an environment 

with 100% relative humidity for a period of 24 hrs. 

Two medias were employed: Deionized water and 

artificial saliva. Six samples were maintained in deionized 

water and the remaining 6 were maintained in artificial 

saliva. These matrices were then equilibrated at a 

temperature of 370C in order to determine their fluoride 

releasing capacities in these two media; aliquots of these 

media were collected at time-points of 1.0, 24, 168, 360, 720 

and 1,440 hrs. In order to avoid contamination from further 

sources, all the samples and vials were washed with 

deionized water and then air-dried prior to changing the 

storage medium. A dust-free air-conditioned laboratory was 

maintained. 

 

Preparation of TISAB II Solution 

TISAB II solutions were prepared via the addition of 30.0 g of 

sodium hydroxide, 4.00 g of CDTA, 57.0 mL of glacial acetic 

acid and 58.0 g of sodium chloride in 1.00 L of deionized 

water. 

The purpose of adding the TISAB II chelating reagent was 

to maintain constant pH and ionic strength values and also to 

circumvent the formation of fluoride complexes with trace 

metal ion contaminants. The pH of TISAB II solution was 

maintained between values of 5.0 to 5.5. 

 

Fluoride Estimation 

Each sample was then placed in 10 mL storage solutions (i.e. 

6 samples in deionized water and 6 samples in artificial saliva 

of two different compositions each) and stored at 370 Celsius 

temperature. The samples were rinsed with 2 mL of 

deionized water and transferred to fresh 10 mL storage 

solutions at different time intervals. Aliquots of 2.5 mL of 

each storage solution were mixed with 2.5 mL of TISAB II. 

The fluoride ion estimation was done by using an ion 

specific electrode (ELIT 9801, NICO 2000 Ltd., UK) with a 

single junction 0.1 M AgCl reference electrode. Using 

standard solution of sodium fluoride (NaF) mixed with equal 

volume of TISAB II, a calibrated graph was obtained. The 

millivolt (mV) reading for the samples was taken to 

determine the fluoride concentration from the calibration 

graph. 

Before measuring fluoride, two vials containing artificial 

saliva and deionized water with TISAB II in the ratio of 1: 1 

were tested to determine the baseline fluoride concentration 

of the mediums. The mean baseline concentration was 

subtracted from each concentration obtained from the 

samples. The system was calibrated prior to each evaluation 

with fluoride standard solution (NaF 1000, 100 and 10 ppm). 

 

Composition of Artificial Saliva Solution 

The composition of the artificial saliva medium employed in 

these studies was calcium chloride (0.111 g), sodium chloride 

(2.05 g), sodium acetate (2.05 g) and sodium dihydrogen 

phosphate (0.156 g) dissolved in a final volume of one litre of 

deionized water (final pH value 6.60).[10] The compositions of 

two proposed ART materials evaluated are outlined in Table-

1. 

 

Statistical and Non-Linear Regression Analyses of 

Experimental Datasets 

The experimental design for univariate analysis of the F-

concentration ([F-]) dataset involved an ANOVA model, which 

incorporated 3 factors and 8 primary sources of variation: (1) 

‘between-ART materials,’ qualitative fixed effect at 2 levels 

(Ai); (2) ‘between-equilibration media,’ also a qualitative 

fixed effect at two levels (Mj); (3) the experimental sampling 

time-point, a fixed effect also treated as a qualitative variable 

for the purpose of this study in view of the non-linear 

relationship of experimental media F- concentrations on this 

parameter (Tk); (4, 5 and 6) ART material x equilibration 

medium, ART material x time-point and equilibration 

medium x time-point first-order interaction components 

(AMij, ATik and MTjk) respectively; (7) the ART material x 

equilibration medium x time-point second-order interaction 

one (AMTijk). This experimental design is represented by 

equation,[1] in which Yijk represents the (univariate) [F-] 

values observed, μ its overall population mean value in the 

absence of any significant, influential sources of variation and 

eijk the unexplained error (residual) contribution. ANOVA was 

performed using the XLSTAT 2017 software package. 

 

Yijkl= μ + Ai+ Mj+ Tk + AMij+ ATik + MTjk +AMTijk+eijkl ----[1] 

 

Non-linear regression analysis of the relationships between 

the amounts of F- released from the ART materials tested 

against time was also performed using XLSTAT 2017 

software, as was cubic spline polynomial analyses of these 

time-dependent data. In view of replicate observations, the 

number of nodes in the cubic spline analysis was reduced 

from 36 to 7. 

 

RESULTS 

Highly significant differences in equilibration media fluoride 

ion concentrations were found ‘between-ART materials,’ 

‘between-equilibration media’ and ‘between-experimental 

time-points’ with our ANOVA model analysis (p= 10-9 for all 

these factors). Moreover, all first-order and the single ART 

materials x equilibration medium x experimental time-point 

second-order interaction components of variation were also 
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highly significant (again p < 10-9 for all except the ART 

material x equilibration medium one, for which p= 1.51 x 10-

9). These results are displayed in Figures 1, and hence the 

dependence of experimental media F- levels on each of the 

factors explored displays a high level of complexity [Table 2]. 

We explored the fitting of a large number of non-linear 

regression fitting functions including standard polynomial 

ones with linear, quadratic and cubic independent variable 

(time-point) ones and also exponential ones. The most 

effective fitting model function for each dataset was found to 

be that described by equation 1, in which pr1, pr2, pr3, pr4, 

pr5 and pr6 represent constants for each model investigated 

and x represents the independent (time-point) variable. 

 

y= Exp (pr1+x*pr2)/(x + 1)^pr3+Exp (pr4+x*pr5)/(x1 + 

1)^pr6 ----[2] 

 

Plots of observed F- concentration versus that predicted 

from equation 2 were clearly linear and also confirmed an 

excellent agreement between these two parameters [Figure-

2]. R2 values for these fits were 0.9810 and 0.9661 for the 

ART-I and ART-II materials respectively equilibrated in 

artificial saliva and 0.9935 and 0.9976 for ART-I and ART-II 

materials respectively equilibrated in deionized water. For 

the artificial saliva equilibration medium, all parameters 

(pr1-pr6) were found to be highly statistically significant for 

the ART-I material, but only the pr1 and pr4 ones were for 

the ART-II one in this medium. However, for the deionized 

water medium, the pr2-pr6 parameters were highly 

statistically significant for the ART-I material, whereas all but 

pr5 were also significant for the ART-II material tested. 

A marginally higher concentration of fluoride was 

released by ART-II (16.12 ppm after 1 hr.) in artificial saliva 

compared to deionized water (15.66 ppm, after 1 hr.). But, 

ART-I released higher amounts of Fluoride concentration 

(9.83 ppm after 1.0 hr.) in deionized water than in artificial 

saliva (6.48 ppm after 1.0 hr.) [Table 3]. After day 7 (i.e. 168 

hours), fluoride release capacity decreased till day 60 

[Figure-1] for ART-I in both storage mediums and ART-II in 

deionized water. 

Cubic spline polynomial plots of released fluoride 

concentration against equilibration time. This analysis 

performed involved a piece-wise function of third-degree 

polynomials.[11] 

Cubic spline analysis was employed to explore the 

complex polynomial relationships between released F- level 

and equilibration time. Indeed, this served as a powerful 

means of predicting such relationships [Figure 3]. 

 

 

 

 

Composition of 

ART Material 

ART-I 

(%) 

ART-II 

(%) 
Action 

Zinc Oxide 20 20 
Base of the 

Cement 

Aluminium Oxide 70 70 
Base of the 

Cement 

Hydrogenated rosin 06 06 Bonding Agent 

Sodium Fluoride 

(NaF) 
03 03 Fluoride Agent 

Neem extract 06 11.5 
Antibacterial 

Agent 

Eugenol 40 40 Binding Agent 

Ethoxybenzoic Acid 

(EBA) 
60 60 Bonding Agent 

Table 1. Composition of New ART Materials 

 

Type I Sum of Squares Analysis 

Source DF 
Sum of 

Squares 
Mean 

Squares 
F Pr > F 

Product 1 789.7739 789.7739 578.3211 < 0.000000001 
Time  
(hr.) 

5 18975.6618 3795.1324 2779.0298 < 0.000000001 

Medium 1 98.2329 98.2329 71.9322 < 0.000000001 
Product* 

Time 
(hr.) 

5 401.0735 80.2147 58.7382 < 0.000000001 

Product* 
Medium 

1 58.5671 58.5671 42.8865 0.0000 

Time 
(hr.) * 

Medium 
5 1998.0188 399.6038 292.6145 < 0.000000001 

Product* 
Time 
(hr.) * 

Medium 

5 1141.8791 228.3758 167.2308 < 0.000000001 

Table 2. Multifactorial ANOVA of Experimental F- Release 
Data 

 

Biomaterial/ 

Medium 

Estimated Maximal  

Release Time-Point (hr.) 

ART-I/ AS 98.9 

ART-II/ AS 89.3 

ART-I/ DW 84.5 

ART-II/ DW 75.9 

Table 3. Estimated Maximal Release Time-Point of F- for 

each of the four ART materials explored in this 

Investigation 
 

AS– Artificial Saliva, DW– Deionized Water 
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Figure 1. Fluoride releasing capacity by ART materials (a) with respect to Time and (b) in different media, AS- Artificial 
Saliva, Water- Deionized Water 

 

 
 

Figure 2. Plots of observed versus predicted F- concentration values for (a) ART-I material equilibrated in Artificial Saliva, 
(b) ART-II equilibrated in Artificial Saliva, (c) ART-I material equilibrated in Deionized Water and (d) ART-II material 

equilibrated in Deionized Water 
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Figure 3. Cubic Spline Polynomial Plots of released fluoride by (a) ART-I– Artificial Saliva against equilibration time, (b) ART-

II– Artificial Saliva against equilibration time, (c) ART-I– Deionized Water against equilibration time, (d) ART-II– Deionized 

Water against Equilibration Time 

 

DISCUSSION 

F- anion was introduced in dentistry seven decades ago, and is 

considered the most effective agent for the remineralisation 

of demineralised enamel. However, it is now well established 

that the aqueous form of F- is considered more effective than 

the fluoride present in the crystals of apatite, and has a 

cariostatic effect on carious lesions and healthy teeth exposed 

to it for prolonged time periods.[12] 

Consequently, many restorative materials with fluoride 

releasing capacity have been developed. Several in vitro 

studies have revealed that F- released from restorative 

materials protect the tooth cavity prepared for 

restoration.[13,14] The present study aimed to develop new 

ART materials and the F- releasing capacities of these 

represents a highly important phase of their physical 

property assessment in vitro. Indeed, the slow release of F-

serves as an essential property for any newly-developed ART 

material. 

Both ART materials are differing in terms of 

concentration of Neem extract added to the material.[15]  

 

 

Neem extract is extracted from the Neem plant parts by 

Soxhlet method.[16] Neem extract acts as the antibacterial 

agent added to the material to enhance its antibacterial 

property.[17] 

Our study used deionized water and artificial saliva as 

release media with the former providing the baseline of F- 

release ability under unsimulated conditions in accordance 

with previous studies.[18-22] In order to simulate the effect of 

natural human saliva, an artificial saliva medium was created 

and subsequently used as a second medium to employ in this 

investigation. The F- release from the materials tested into 

the medium depends on the diffusion of water into the 

material, its dissolution from the solid matrix followed by its 

diffusion into the aqueous phase utilised. Hence, we 

monitored these newly-developed ART biomaterials in two 

different dissolution media. 

The results acquired demonstrated that the newly-

developed ART-I and ART-II materials released F-, the 

amount released being critically time-dependent. However, 
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we also observed a difference in the pattern of fluoride 

release for the two materials investigated with ART-II giving 

rise to higher levels of F- than ART-I in a saliva artificial 

medium, although it should be noted that ART-II released 

somewhat higher levels of F- than the ART-I material in a 

deionized water medium. The ability to release fluoride from 

both the materials gradually increased and reached to 

maximum after 168 hrs. [Figure 1]. Observations were 

consistent with those of previous investigations.[23,24] 

The total cumulative fluoride released from both media 

by ART-II was found to be higher than that of ART-I, 

particularly at the shorter (0 - 24 hrs.) and lengthier (360 - 

1,440 hrs.) time-points. However, these results contrast with 

those acquired in previous studies.[25] One of the reasons is 

the material strength of ART-II, which is lower than ART-I 

(The micro-hardness of ART-II was 20.4 VHN and that of 

ART-I 35.4 VHN. The compressive strength of ART-II was 

34.69 MPa and that of ART-I is 45.09 MPa). Materials with 

lower mechanical properties are known to release more 

fluoride into media.[25,26] 

Comparisons of the concentrations of F- released into the 

two differing media employed showed that this was higher in 

deionized water initially for the first 24 hrs. in case of ART-I 

and the first 168 hrs. with ART-II. After this preliminary 

period, the F- level was in fact higher in artificial saliva for 

both ART-I and II, but also significantly lower for ART-II 

throughout the 168 - 1,440 hrs. duration. Nonetheless, the 

highest concentration of fluoride recorded at the 168 hrs. 

time-point in deionized water was higher than that observed 

in the artificial saliva medium. This may arise since artificial 

saliva contains both cations and anions [i.e. it has a high ionic 

strength (I) when expressed relative to that of deionized 

water], which may exert a significant effect on the 

equilibrium between ART biomaterial matrix and solution 

phase F- levels. Indeed, anions present in the artificial saliva 

medium, which contained calcium chloride, sodium chloride, 

sodium acetate and sodium dihydrogen phosphate will be 

expected to suppress fluoride release from the ART materials 

tested. This is consistent with previous reports which 

demonstrated that glass-ionomer cements (GICs), i.e. Fuji IX, 

released more F- into deionized water than it did into 

artificial saliva.[19,27] 

The percentage of fluoride released by the ART-I and 

ART-II materials during first 24 hrs. equilibrium period 

increased from 0.2% to 25% of the total cumulative fluoride 

released throughout the entire 1,440 hrs. experimental 

duration. However, throughout the 168 - 360 hrs. period, F- 

release was substantially lower and thereafter gradually 

decreased at and from the 360 hrs. time-point. The results 

obtained clearly demonstrate that F- release occurs in two 

phases: a primary rapid release from the surface followed by 

a slower incremental release subsequent to the 168 hrs. time-

point. Hence, the first, relatively rapid phase of F- release is 

followed by a second bulk liberation of this anion via 

diffusion process, in which small quantities of it continues to 

be released into the media during the 360 - 1,440 hrs. period. 

Our data reflect those acquired in similar investigations 

performed by Tay and Braden (1988) and Verbeeck et al 

(1993).[28,29] 

Irrespective of the medium employed, a number of 

previous studies have reported that F- released from resin-

modified glass ionomers is greater than or similar to that 

from conventional glass ionomer materials.[8,25,26,30,31] 

Notwithstanding, other studies have reported that cement-

containing resin releases less fluoride to such media than 

non-resin restorative materials.[31-33] Both ART compositions 

evaluated here contains 6% (w/w) hydrogenated resin. 

Indeed, these results are consistent with our observations, i.e. 

the total F- released from the ART-II composition in was 

greater than that of the ART-I material in both equilibration 

media utilised. 

The rate of F- release from a restorative material in vivo 

can be affected by several factors such as temperature, 

salivary pH values, effective pre-mixing of ART material 

employed and its powder to liquid ratio.[29] And in vitro 

study, the factor influences the rate of fluoride release in ART 

materials are type of media, pH of media and composition of 

ART materials, surface area of materials expose to media, 

particle size of the materials, temperature and porosity.[22] 

However, the rate of F- release also appears to largely depend 

on clinical factors rather than the type of cement type 

applied.[34,35] For these studies, the temperature of the 

equilibration process was maintained at 37°C and the 

materials and F--specific ion-selective electrode was handled 

by a single operator. 

 

CONCLUSION 

1. Two newly-developed ART materials have the ability to 

release fluoride into both artificial saliva and deionized 

water, and the ART-II one was found to release higher 

levels of this agent into both artificial saliva and 

deionized water than did the ART-I composition;  

2. The ART-I material was found to release marginally 

more F- at the 1.0 hour time-point in deionized water 

(9.828 ppm) than that detected in artificial saliva (6.48 

ppm), although at 168 hrs., the F- released by this 

formulation was somewhat greater in artificial saliva 

than that observed in deionized water (48.0 ppm vs. 40.5 

ppm respectively);  

3. Similar concentrations of fluoride were released by the 

ART-II material into artificial saliva and deionized water 

at the 1.0 hr. time-point (16.1 vs. 15.7 ppm respectively). 

No ‘between-media’ difference in the concentration of F- 

released by the ART-II material was found. Overall, this 

may be considered as a valuable and effective property 

of the newly-developed ART material and reflects 

favourably on its efficacy for atraumatic restorative 

treatments. 
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