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Aim: To evaluate and compare the fluoride uptake by dentin from Glass 

ionomer cement functionalized with ChlorhexidineHexametaphosphate 

nanoparticles and Type II GIC.  

 

Methodology: Nine human premolars were used on which Class I cavities 

measuring 5mm x 3mm x 2mm were prepared using round and straight 

diamond abrasive. Specimens were divided into three groups. First group of 

teeth specimens (n=3) were filled with GIC containing novel antimicrobial 

nanoparticles composed of (CHX-HMP) ChlorhexidineHexametaphosphate. 
Second group of teeth specimens (n=3) were filled with Type II GIC .The 

third group of specimens (n=3) served as control where no restorative 

material was filled. The samples were kept at 37 °C and 100% humidity for 3 

days. Each tooth was sectioned into two half’s mesio-distally using diamond 

disc. Teeth sections were evaluated for fluoride uptake by dentin under SEM 

using EDAX image analyzer software. The results were tabulated and 

analyzed.  

 

Result: The amount of fluoride present in Group I (Type II GIC) was in the 

range of 7.64 atomic wt % and Group II (CHXHMP-GIC) was 6.71 atomic 

wt%.Flouride was detected till depths of 200 μm for Type II restorative GIC 

(Group I) and till 700μm for CHXHMP-GIC (Group II).  

 

Conclusion: Fluoride release and consequent uptake by dentine was not 

significantly affected by the substitution of antimicrobial nanoparticles. The 

fluoride penetration and its effect on enhancing remineralization with the 

added antimicrobial effect of CHX is promising. 

 
Copy Right, IJAR, 2016,. All rights reserved.

 

Introduction:- 
In modern dentistry, Glass ionomer cements (GICs) are a class of biomaterials having widespread application 

especially in Minimally intervention dentistry (MID) for the treatment of dental caries.1, 2 

 

The therapeutic procedures used in the treatment of caries may not always eliminate all the microorganisms in the 
residual tissues. The persisting cariogenic bacteria, with the lack of hermetic seal, can cause recurrent caries, leading 

to failure of restoration.3 
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Also changing concepts using Atraumatic Restorative technique involves removal of infected, disorganized dentin 

and preservation of the affected less organized dentin that has the potential to remineralize. 

 

The use of GIC is extremely popular in dental practice, due to its properties of chemical bonding to mineralized 

tooth structures, coefficient of heat expansion similar to that of dentin, adequate biocompatibility and most 

importantly fluoride ion release, which contribute to the remineralization process.4, 5 
 

GIC which offers an additional antimicrobial and antibiofilm efficacy would be of considerable clinical benefit. 

Such a material could reduce recurrent decay in the vicinity of a restoration and could provide an antibacterial seal 

under other materials, protecting the pulp from bacterial ingress.6 

 

A recent publication in 2014 describes surface functionalization of materials using Chlorhexidine 

Hexametaphosphate (CHX-HMP) nano particles and it was found that they acted as slow release devices for soluble 

chlorhexidine (CHX) which is a potent antimicrobial agent in widespread use in medicine and dentistry.7 

 

The amount of fluoride uptake by dentin has been found to vary with different parameters like structure of the set 

cement, setting reaction, composition, different time intervals etc. There are few studies on the amount of fluoride 

uptake by dentin from GIC but no documented literature on fluoride uptake by dentin from GIC functionalized with 
CHX. 

 

Thus the aim of this study was to evaluate and compare the fluoride uptake by dentin from Glass ionomer cement 

functionalized with Chlorhexidine Hexametaphosphate nano particles (CHXHMP-GIC) and Type II GIC. 

 

Materials and method:- 
1. Selection and Preparation of Teeth:- 

Nine sound extracted human teeth were obtained from the Department of Oral surgery at Dr. D.Y Patil Dental 

College and Hospital. After the removal of tissue remainders, prophylaxis and washing, only teeth without 

anatomical and structural defects were selected. These were stored in saline.  

 

2. Preparation of nanoparticles:- 

Chlorhexidinedigluconate (Dentochlor, Ammdent) was mixed with Sodium Hexametaphosphate (Thomas Baker) in 

deionized water to obtain a final concentration of 4 mM CHX and 5 mM HMP. The resulting colloidal suspension of 

CHX-HMP nanoparticles was mixed thoroughly and then centrifuged at 10000 rpm for 60 min. (Figure 1 and 2) 

 

The supernatant was removed and discarded. The nanoparticle sediment was dried in an incubator for 48 h at 40°C.  

The sediment composed of nanoparticle aggregates was removed from the centrifuge tubes (Figure 3) and ground to 
a fine white powder using an agate mortar and pestle.  

 

The nanoparticle powder created by grinding the nanoparticle pellet was used to substitute for the GIC powder at 

fraction of 2 % by mass. 

 

3. Preparation of samples:- 

Class I cavities measuring 5mm x 3mm x 2mm were prepared using round and straight diamond abrasive points. 

 

Teeth were randomly divided into three groups. Group I specimens were restored with Type II GIC (n=3teeth/ 6 

sections), Group II specimens were restored with (GIC CHX-HMP) (n=3teeth/ 6 sections) and Group III specimens 

served as control, specimens were not restored. (n=3teeth/ 6 sections). 
 

4. Testing:- 

The samples were kept at 37 °C and 100% humidity for 3 days then were sectioned and analyzed. Each tooth was 

sectioned into two half’s mesio-distally using diamond disc. Determination of the chemical element was done using 

SEM with EDAX software. The depths were then analyzed by SEM at X100 magnification operated at 20.0 kV and 

EDS. 
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Results:- 
The qualitative analysis showed that the intensity of fluoride signals for both Group I and II was similar. The mean 

amount of fluoride present in Group I (Type II GIC) was 7.64 atomic wt % and Group II (CHXHMP-GIC) was 6.71 

atomic wt%. The EDAX software highlighted areas of dentin with fluoride depth (penetration). The depths were 

then analyzed by SEM at X100 magnification operated at 20.0 kV and EDS. Flouride was detected till depths of 200 

μm for Type II restorative GIC (Group I) and till 700μm for CHXHMP-GIC (Group II). 

 

Discussion:- 
Glass ionomer cements (GICs) are a class of biomaterials used in modern dentistry. It has been used for more than 

20 years and is considered to be a fluoride reservoir.8 Its ability to inhibit recurrent caries formation is one of its 

important clinical property.9 GICs have several favorable properties which make them suitable for a multitude of 

applications including for filling cavities caused by tooth decay or wear, as cavity liners, as fissure sealants, and as 

cements to form an adhesive bond between the tooth and a prosthetic dental restoration such as a crown or bridge 

these applications. They are tooth colored and available in a range of shades to allow matching to a patient’s natural 

dentition, they are biocompatible, and they require minimal preparation of the tooth surface prior to application 

because they inherently adhere to enamel and dentine.7 

 

A GIC with additional antimicrobial and antibiofilm efficacy would be of considerable clinical benefit.6 

 

The effectiveness of CHX is often related to its property of substantivity due to the ability to bind to anionic 
substrates, broad spectrum efficacy with rapid onset of action, disruption of the bacterial cell membrane and 

resultant loss of its intracellular components, bacterial resistance to CHX is also considered unlikely.10, 11 

 

Chlorhexidine (CHX) has been used in combinationwith GICs, particularly in the forms of digluconate and 

diacetate.12, 13 Nevertheless, their antibacterial effect is concentration-dependent, and at high concentrations, CHX 

may interfere in the physical and mechanical properties of GIC.14 

 

Barbour et al (2014) first reported the development of novel antimicrobial nanoparticles (NPs) based on a 

hexametaphosphate salt of CHX. They found that the NPs adhered rapidly to specimens of glass, titanium, and an 

elastomeric wound dressing, in a dose-dependent manner. The functionalized materials exhibited a gradual leaching 

of soluble CHX over a period of at least 50 days. The NP colloid was efficacious against methicillin-resistant 
Staphylococcus aureus(MRSA) and Pseudomonas aeruginosain both planktonic and biofilm conditions.15 

 

Hook et al (2014) subjected the formulation to certain tests and characterized the nanoparticle size, morphology and 

charge and the release of chlorhexidine and fluoride, tensile strength and morphology of the GIC. They formulated 

the GIC containing novel antimicrobial nanoparticles composed of chlorhexidinehexametaphosphate at 1, 2, 5, 10 

and 20% powder substitution by mass. They found that the GICs released chlorhexidine, against a wide range of 

bacteria, over the duration of the experiment in a dose-dependent manner. It was not at the expense of other 

properties of the material. They also found that the fluoride release was not significantly affected by the substitution 

of antimicrobial nanoparticles in most formulations and internal structure appeared unaffected up to and including 

10% substitution. Diametral tensile strength decreased numerically with 10 and 20% substitutions of nanoparticles 

but the difference was not statistically significant.7 

 

The mixing of solutions of CHX and HMP under the conditions described in the above study resulted in the 

immediate formation of a colloid consisting of particles with maximum average diameter of 150 nm and an average 

zeta potential of −45 to −50 mV. The Atomic force microscopy (AFM) and SEM images showed individual 

nanoparticles and porous nanoparticle (NP) aggregates. Presumably owing the charge of the particles, it resulted in a 

good colloidal stability at least in part, to the high zeta potential.7 

 

So the rationale behind the study was to check the fluoride release of this new material with the addition of CHX 

nanoparticles and if the subsequent uptake by dentin was significantly affected by the addition of antimicrobial 

nanoparticles. If the fluoride release remains unaffected, then the material could provide an antibacterial seal under 

other materials, protecting the pulp from bacterial ingress. 

The scanning electron microscope has been used by several authors to assess the demineralisation/remineralisation 
effect of fluoride-containing products.16 In most studies using a scanning electron microscope, to improve image 
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quality, samples have been coated with metals such as gold or palladium.17 Harding et al. (1994) observed samples 

using the scanning electron microscope without coating so that they could be observed again, if necessary. In the 

current study, this technique was used so that there would be an option of reevaluation in the future.18 

 

The Energy Dispersive X- Ray analysis (EDAX) system can identify and quantify elements. EDAX identifies 

elements by energy, using a solid-state detector that discriminates between energies of incoming photons.19 
 

There are mechanisms by which fluoride exerts its actions. One of the criteria for evaluation of the cariostatic 

properties of a restorative material is to determine the fluoride uptake by teeth and its subsequent incorporation into 

tooth structure.20 Studies on the efficacy of fluoride release from dental materials are innumerable, but the amount 

and depth of fluoride incorporation into dentin are not well-defined. 

 

The clinical use of fluoride to repair early carious lesions is advocated since it enhances enamel remineralization,. 

When fluoride is present, fluorapatite, forms during the remineralization process. Hydroxyl groups (OH–) are 

replaced by Fluoride ions (F–) in the formation of the apatite crystal lattice (Fig. 16). In fact, the presence of fluoride 

increases the rate of remineralization.21 

 

Fluorapatite has been found to be inherently less soluble than hydroxyapatite, even under acidic conditions.  When 
hydroxyapatite dissolves under cariogenic (acidic) conditions, if fluoride is present, then fluorapatite will form.  

Because fluorapatite is less soluble than hydroxyapatite, it is also more resistant to subsequent demineralization 

when acid challenged.22 

 

The mean amount of fluoride present in Group I (Type II GIC) was 7.64 atomic wt % and Group II (CHXHMP-

GIC) was 6.71 atomic wt%. The EDAX software highlighted areas of dentin with fluoride depth (penetration). 

Flouride was detected till depths of 200 μm for Type II restorative GIC (Group I) and till 700μm for CHXHMP-GIC 

(Group II). In this study fluoride uptake was not significantly affected while increasing the depth of fluoride 

penetration into dentin in CHXHMP-GIC (Group II). Matrix Metalloproteinases (MMP’s) are indicated as the active 

proteases that breakdown the collagen fibrils in the hybrid bond layer. There is evidence of the ability of 

Chlorhexidine to prevent bond deterioration by inhibiting MMP action.23 
 

Fluoride evaluation was done at 3 days because literature has documented a “fluoride burst” at 48-72 hrs in 

conventional GIC (Type II).24 Longer evaluation period may be indicated using larger sample size to study the 

delayed fluoride release from new CHXHMP-GIC nanoparticles. 

 

FIGURES:- 

 

 
Figure 1:-Dentachlor(Ammdent)And Sodium Hexametaphosphate (Thomas Baker) 
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Figure 2. High speed centrifuge (Remi) 

 

 

Figure 3. Centrifuge tubeswith nanoparticle sediment 

 

 
Figure no. 4: Sample 
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Figure no.5 SEM image at x100 magnification (Group I – Type II GIC) 

 

 
Figure no 6.EDS analysis (Group I – Type II GIC) 

 

 

Figure no 7. Chart showing elemental analysis (Group I – Type II GIC) 
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Figure no 8.SEM image at x100 magnification (Group II –CHXHMP-GIC) 

 

 

Figure no 9.EDS analysis (Group II –CHXHMP-GIC) 

 

 
Figure no 10. Chart showing elemental analysis (Group II –CHXHMP-GIC) 
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Figure no 11.SEM image at x100 magnification (Group III –control) 
 

 
Figure no 12.EDS analysis (Group III –control) 

 

 

Figure no13.Chart showing elemental analysis (Group III –control) 
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Figure no 14. SEM image showing depth of fluoride penetration for Group I- GIC 

 

 

 
Figure no 15. SEM image showing depth of fluoride penetration for Group II- CHXHMP-GIC 
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Figure 16.Fluorapatite Formation (A) Fluoride ions (F–) replace hydroxyl ions (OH–) in hydroxyapatite to form 

fluorapatite in the tooth enamel. (B) A portion of the apatite crystal lattice is depicted showing the replacement of 

hydroxide for fluoride. 
 

Table no.1 Table showing amount of fluoride (in atomic %) 

 

Conclusion:- 
Under the limitations of the study, the following conclusions can be drawn. 

1) Type II GIC released more fluoride as compared to CHXHMP-GIC nanoparticles. 

2) Depth of fluoride penetration in dentin was more with nanoparticles CHXHMP- GIC as compared with Type II 

GIC. 

 

 

 

 

 

 

Sample no. Group I 

(Type II GIC) 

Atomic wt% 

Group II 

( CHXHMP-GIC) 

Atomic wt% 

1 7.64 6.65 

2 7.70 6.75 

3 7.62 6.73 

4 7.58 6.68 

5 7.63 6.71 

6 7.67 6.74 

Mean 7.64 6.71 
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