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ABSTRACT 
 

Background: A non- invasive method used to improve the drug delivery with the help of electric 
arena is termed as Iontophoresis. The iontophoresis process may cause deeper penetration of ions 
using electric current. Remineralizing nanomaterial may be infused at higher concentrations in the 
deeper layer of incipient caries under the influence of iontophoresis. Hydroxyapatite crystals are the 
most stable form of calcium phosphate which is responsible for the mechanical strength of the 
dental tissues. Improvedre-mineralization occurs more with the apatite particle size of less than 4 
µm. Due to the size of the nanocomplexes ofhydroxyapatite, there can be possibilities that they 
would enter the porosities and diffuse into the body of the subsurface lesion to enhance 
remineralization using iontophoresis technique. 
Objectives: 1) To evaluate the remineralization potential of APF gel with or without iontophoresis 
on the incipient carious lesion in permanent teeth. 2) To evaluate the remineralization potential of 
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hydroxyapatite nanoparticles with or without iontophoresis on the incipient carious lesion of 
permanent teeth. 3) To compare the remineralization potential of APF gel and hydroxyapatite 
nanoparticles with or without iontophoresis on the incipient carious lesion in permanent teeth. 
Methodology: Forty extracted intact teeth will be taken and artificial caries will be induced.  These 
specimens will be randomly divided into five groups as per the treatment - 1) APF gel application 2) 
APF gel with iontophoresis 3) Hydroxyapatite nanoparticles solution application 4) Hydroxyapatite 
nanoparticles solution with iontophoresis 5) Distilled water (control group). Remineralization will be 
analysis by using Vickers hardness test.  The alterations in the carious lesion will be assessed by 
confocal laser scanning microscopy. 
Expected Results: APF gel and hydroxyapatite nanoparticles with iontophoresis will give superior 
remineralization effect as compared to the conventional method. 
Conclusion: The utilization of the iontophoresis with hydroxyapatite nanoparticle will provide 
improved mineralization of incipient caries and prove to be a better method for treatment. 
 

 
Keywords: Incipient caries; remineralization; topical fluoride; hydroxyapatite nanoparticles; 

iontophoresis. 
 

1. INTRODUCTION 
 
Dental caries is a biofilm-derived oral disease. 
Due to deficient oxygen in deep biofilm layers, 
bacteria have the capacity to metabolize 
carbohydrates through the glycolytic pathways. 
The lactic acid formed as a by-product 
subsequently declines the pH level within the 
biofilm and results in subsurface 
demineralization. The repair of this subsurface 
demineralization at an early stage is advocated 
to reduce morbidity. Various methods and 
materials were utilized for the treatment of the 
non cavitated carious lesion with partial success. 
Fluoride decreases demineralization and 
increases remineralization by its inhibitory action 
on caries development [1]. Sodium fluoride, 
acidulated phosphate fluoride, stannous fluoride, 
amorphous calcium fluoride with casein 
phosphopeptide are used for topical           
application. 
 
Remineralization of incipient caries occurs after 
the introduction of fluoridated restorative 
material. The combination of fluoride with 
different restorative materials has a better 
cariostatic effect than fluoride alone [2].

 
 

 
Among the fluoride-containing applications 
topical acidulated phosphate fluoride (APF) is 
used widely. Some earlier studies showed that 
acidulated phosphate fluoride (APF) is more 
efficient than neutral sodium fluoride in the 
healing of carious lesions. The acid present in 
APF dissolves the surface of the enamel and 
allows deeper penetration of fluoride into the 
enamel which leads to the formation of CaF2 

[3,4]. Thus it provides a significant effect in 
remineralization of enamel.  

Studies have proved the deposition of the ions 
from subsurface areas into the superficial enamel 
leading to the smaller pore size on 
demineralization. In the superficial zone of the 
artificial carious lesion, the microchannels are 
found to be about 0.5-1.5 μm in diameter and 
approximately about 100 μm in length [5]. Hence 
materials with lesser particle sizes are required 
to allow the deposition at higher concentrations. 

 
Enamel and dentin are mainly formed by 
hydroxyapatite crystal [Ca10(PO4)6(OH)2], the 
building block of dental tissues representing 95% 
- 97% wt and 75 % in enamel and dentin 
respectively. Hydroxyapatite crystal 
[Ca10(PO4)6(OH)2] constitutes the key mineral 
component of teeth and bone. Hydroxyapatite 
crystals are the most stable form of calcium 
phosphate which is responsible for the 
mechanical strength of the dental tissues. 
Synthetic hydroxyapatite nanoparticles were 
developed and about 20-100 nm in size. It was 
found that remineralization efficacy increases 
with lesser apatite particle size [6].  
 
When compared to amine fluoride toothpaste, 
nano-HA showed more remineralization effects in 
dentin [7]. Nano-hydroxyapatite has  been  
advocated for remineralization  of  teeth. It is 
hydrophilic and has  greater surface area than 
the conventional hydroxyapatite crystals. Nano-
hydroxyapatite is found to be hydrophilic with a 
larger surface area and better wettability than the 
conventional hydroxyapatite. Therefore it has 
been introduced as a remineralizing agent [8]. 
Because of its reduced size, nanocomplexes of 
hydroxyapatite will enter the porosities and 
diffuse into the body of the subsurface lesion to 
enhance remineralization [6]. Products with 
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nanoparticles have led to improved deeper 
precipitation of phosphate and calcium ions in 
the tooth structure. Therefore better techniques 
need to be utilized for the introduction of 
nanoparticles into tooth structure. 
 
In the early 1960s, dentin hypersensitivity was 
reduced by using iontophoresis [9]. It utilizes a 
low ampere electrical current for the 
incorporation of drugs into the tissues. It works 
on the principle of repulsion of like charges and 
attraction of the opposite charges. It allows a 
concentrated form of the drug to be introduced 
into the needed localized area under an electrical 
gradient [10].  
 
Thus, keeping this in mind, the present study will 
be conducted to evaluate the remineralization 
potential of APF gel and hydroxyapatite 
nanoparticles under the influence of 
iontophoresis. The null hypothesis is that there 
will not be any difference between the 
remineralization potential of the acidulated 
phosphate fluoride and hydroxyapatite 
nanoparticles with iontophoresis on the incipient 
carious lesion in permanent teeth. 
 

1.1 Rationale 
 
The topical application of fluoride leads to 
remineralization of the superficial layer of enamel 
without repairing subsurface lesions. The 
iontophoresis process may cause deeper 
penetration of ions using electric current. 
Remineralizing nanomaterial may be infused at 
higher concentrations in the deeper layer of 
incipient caries under the influence of 
iontophoresis. Therefore iontophoresis with 
nanoparticles might prove advantageous for 
subsurface remineralization. 
 

1.2 Aim 
 
To evaluate and compare the remineralization 
potential of acidulated phosphate fluoride gel and 
hydroxyapatite nanoparticles with and without 
iontophoresis on the incipient carious lesion in 
permanent teeth. 
 

1.3 Objectives 
 

1. To evaluate the remineralization potential 
of APF gel with or without iontophoresis on 
the incipient carious lesion in permanent 
teeth 

2. To evaluate the remineralization potential 
of hydroxyapatite nanoparticles with or 

without iontophoresis on the incipient 
carious lesion of permanent teeth. 

3. To compare the remineralization potential 
of APF gel and hydroxyapatite 
nanoparticles with or without iontophoresis 
on the incipient carious lesion in 
permanent teeth. 

 

2. MATERIALS AND METHODS 
 

2.1 Sources of Data 
 

The present study will be carried out in the 
‘Department of Pediatric and Preventive 
Dentistry’ of ‘Sharad Pawar Dental College, 
Sawangi (Meghe), Wardha’. 
 

2.2 Sample Size Calculation 
 

Sample size formula for difference between two 
means: 
 

 n=
           

  
  
 

 
 

   

 
Where, 
 
Zα is the level of significance at 5% level of 
significance i.e 95% confidence interval =1.96 
Zβ is the power of test=80%=0.84 
  =SD of VHN in negative control=17.41 

  =SD of VHN in conventional application=23 
 = Difference between two means 
  =145.33-106.37 
  =39.07 
 

n 
                                

        
 

   =4.27 
   =5 samples in each group 

 

2.3 Materials Required 
 
• Intact tooth 
• 1.23%APF gel 
• Hydroxyapatite nanoparticle solution 
• 10% HCl as an etchant  
• Iontophoresis device (ENDOEST 5F, 

Geosoft, Russia)  
• Cold cure acrylic resin 
• Plastic moulds 
• Silicon carbide paper 

 

2.4 Equipment for Analysis 
 

 Vickers microhardness testing machine. 

 Confocal Laser Scanning Microscopy. 
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2.5 Inclusion and Exclusion Criteria 
 
2.5.1 Inclusion criteria 

 
• Caries-free extracted permanent teeth. 

 
2.5.2 Exclusion criteria 

 
• Hypomineralized areas, fractures and 

distorted enamel structure.  

 
2.6 Sample Preparation Procedure 
 
Forty extracted caries-free permanent teeth will 
be collected and divided into two parts that are 
buccal and lingual. The specimen will be stored 
at 0.1% thymol solution. Removal of soft tissue 
remnants will be done, followed by cleaning with 
pumice without fluoride and a rubber cup. Each 
crown surface will be coated with double layers 
of acid-resistant varnish, parting an exposed 
window of approximately 4.0 X 4.0 mm on the 
middle third of buccal or lingual surface of the 
enamel. 

 
2.6.1 Specimen will be allocated into five 

groups  

 
Group 1: APF gel  
Group 2: Iontophoresis with APF gel  
Group 3: Hydroxyapatite nanoparticles  
Group 4: Iontophoresis with hydroxyapatite 

nanoparticles  
Group 5:  Control group [distilled water] 

 
2.6.2 Artificial carious lesion induction 
 
Specimen will be immersed in lactic acid gel 
[0.1M lactic acid, 0.2% Carbopol ETD 2050, 50% 
saturated hydroxyapatite (calcium phosphate) 
pH-5 at 37

0 
C] for 14 days for preparation of 

artificial carious lesion. Specimens will be 
washed with deionized water for 30 s after 
demineralization. 
 
2.6.3 Analysis of surface microhardness 
 
Measurement of surface microhardness will be 
done with the help of a Vickers microhardness 
tester under a 100g weight for 15 seconds. 
Differences in microhardness will be analyzed by 
measuring the microhardness post 
demineralization and remineralization treatment 
procedure. The mean of the three indentation 
readings at a distance of 100μm will be 
measured for assessment of the microhardness.    

2.6.4 Remineralization method 
 

Remineralizing agents will be applied to the 10 
demineralized specimens in each group. In group 
1 APF gel will be applied for 4 minutes. In group 
2, APF gel application with iontophoresis will be 
carried out at 0.8 mA current for 4 minutes. In 
group 3 and group 4, etching with 10% HCl will 
be carried out for 1 minute followed by the 
application of  Hydroxyapatite nanoparticle 
solution for 4 minutes in group 3. Whereas in 
group 4, Hydroxyapatite nanoparticles solution 
will be applied along with iontophoresis at 0.8 mA 
current for 4 minutes. In group 5, teeth will be 
placed in distilled water without any treatment. 
Post-treatment surface microhardness testing will 
be conducted under the same conditions as the 
pre-treatment test. The percentage of surface 
hardness recovery will be calculated. 
 

2.6.5 Analysis by Confocal Laser scanning 
microscope 

 

Six specimens will be included in each group. 
The teeth will be treated with the same method 
as mentioned above which includes carious 
lesion formation and treatment procedure. After 
treatment, the enamel specimens will be cross-
sectioned using a microtome saw. The 
segmented specimen will be painted with 0.1 mM 
rhodamine B solution for 1 h to analyze the 
demineralized lesion area and red fluorescent 
images will be obtained. Then all the specimens 
will be washed in distilled water. Subsequently, 
all the specimens will be viewed under the 
confocal microscope for analyzing the 
demineralization and remineralization. 
 

2.7 Statistical Analysis 
 

Statistical analysis will be done using one-way 
ANOVA and Tukey multiple comparison test. 
 

3. EXPECTED OUTCOME 
 

APF gel and hydroxyapatite nanoparticles with 
iontophoresis will give a superior remineralization 
effect as compared to the conventional method. 
 

4. DISCUSSION AND CONCLUSION 
 
Various studies for the evaluation of 
iontophoresis effect on fluoride gain and 
remineralization was done which are discussed 
further: 
 
Changes occurring due to iontophoresis 
employing various intensities of current on the 
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fluoride uptake in tooth enamel with carious-like 
lesions was assessed. The highest amount of 
Fluoro-hydroxyapatite was formed with a fluoride 
group treated at a 0.8 mA current, in contrast to 
the fluoride group treated without current and 
with the current application of 0.1 mA. 
Thereforeiontophoresis with more current that is 
0.8 mA in conjunction with fluoridated gel 
application (2% NaF) results in improved uptake 
of fluoride by enamel with carious lesions, to 
form fluorapatite. Hence this study concluded 
that an increase in current intensity increases the 
deposition of fluoride [11].  
 

Kim et al. compared the remineralization effect of 
fluoride with and without iontophoresis. There 
were three groups: no fluoride treatment, 
conventional fluoride application and fluoride 
iontophoresis. In the fluoride iontophoresis 
groups, an iontophoresis device (0.4 mA, 12V) 
was used. Fluoride iontophoresis groups showed 
a higher Vickers hardness number than the 
conventional fluoride application groups. No 
significant difference was observed between 
application methods of fluoride. Lesion depth 
was measured using Confocal Laser Scanning 
Microscope imaging, no remarkable difference 
was observed between the fluoride iontophoresis 
and conventional fluoride application groups. 
Therefore it was concluded that in the case of the 
remineralization effect fluoride iontophoresis 
group was not superior to the conventional 
fluoride group [12].  
 

One study was done to evaluate the 
remineralization effects of an iontophoresis 
device named 'Flurinex', conventional acidulated 
phosphate fluoride gel (APF) treatment, and 
conventional iontophoresis device by measuring 
with a laser fluorescence device. The specimens 
with 60 immature, intact premolars and molars 
were taken and artificial carious lesions were 
created. These specimens were then randomly 
allotted into four groups as follows: i) The First 
group was 1.23% APF gel application by the 
conventional method for 4 minutes. ii) Second 
group was 2% sodium fluoride solution (NaF) 
application by a conventional iontophoresis 
device for 4 minutes. iii) The specimen in the 
‘Fluorinex’ group were first treated with copper 
chloride (CuCl2)for 1 minute followed by 1.23% 
Acidulated Phosphate Fluoride (APF) gel 
application for 4 minutes in a Fluoritray. iv) In the 
Control group, specimen were placed in distilled 
water for 4 minutes. Therefore it was concluded 
that fluoride application by ‘Fluorinex’ ensured a 
superior effect on remineralization of incipient 
caries as compared to APF gel application by 

conventional method and NaF iontophoresis [13]. 
Few of the related studies on caries and 
nanotechnology were reviewed [14-17]. 
 

5. SCOPE 
 

 It will be a new way of using an iontophoresis 
device with hydroxyapatite nanoparticles to 
improve subsurface remineralization. 
 

6. LIMITATION 
 

This is an in vitro study. The results may vary in 
in-vivo conditions depending upon the influence 
of saliva and oral microbial flora. 
 

7. IMPLICATION 
 

The utilization of the iontophoresis with 
hydroxyapatite nanoparticle will provide improved 
remineralization of incipient caries and prove to 
be a better minimal invasive method. 
 

DISCLAIMER 
 

The products used for this research are 
commonly and predominantly use products in our 
area of research and country. There is absolutely 
no conflict of interest between the authors and 
producers of the products because we do not 
intend to use these products as an avenue for 
any litigation but for the advancement of 
knowledge. Also, the research was not funded by 
the producing company rather it was funded by 
personal efforts of the authors. 
 

CONSENT  
 
It is not applicable. 
 

ETHICAL APPROVAL 
 
It is not applicable. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Fejerskov O, Kidd EAM, editors. Dental 

caries: the disease and its clinical 
management. 2nd ed. Oxford: Blackwell 
Nyvad; 2008. 

2. Rathi NV, Chandak MG, Mude GA. 
Comparative Evaluation of Dentinal Caries 
in Restored Cavity Prepared By Galvanic 



 
 
 
 

Ragit et al.; JPRI, 33(60B): 3938-3943, 2021; Article no.JPRI.80019 
 
 

 
3943 

 

and Sintered Burs. Contemp Clin Dent. 
2018;9(Suppl 1):S23-S27.  

3. Delbem AC, Cury JA. Effect of application 
time of APF and NaF gels on 
microhardness and fluoride uptake of in 
vitro enamel caries. Am J Dent. 2002; 
15(3):169-72.  

4. Eronat C, Eronat N, Alpz AR. Fluoride 
uptake by the enamel in vitro following the 
application of various topical fluoride 
preparations. J Clin Pediatr Dent. 1993;17 
:227-30. 

5. Michael Goldberg (ed), ‘Understanding of 
dental caries’: From pathogenesis to 
prevention therapy. Springer International 
Publishing Switzerland 2016. Edition 1. 

6. Khetawat S, Lodha S. Nanotechnology 
(Nanohydroxyapatite Crystals): Recent 
Advancement in Treatment of Dentinal 
Hypersensitivity.  J Interdiscip Med Dent 
Sci. 2015;3(3):1–4.  

7. Memarpour M, Shafiei F, Rafiee A, Soltani 
M, Dashti MH. Effect of hydroxyapatite 
nanoparticles on enamel remineralization 
and estimation of fissure sealant bond 
strength to remineralized tooth surfaces: 
an in vitro study. BMC Oral Health. 
2019;19(1):92. 

8. Rathi N, Baid R, Baliga S, Thosar N. 
Comparative evaluation of Nano-
Hydroxyapatite preparation and Calcium 
Sucrose Phosphate on microhardness of 
deciduous teeth after iron drop exposure - 
An in-vitro study. J Clin Exp Dent. 
2017;9(4):e579-e583. 

9. Suchetha A, Rajeshwari HR, 
Mundinamane DB, Nadiger S, Phadke PV, 
et al. Novamin versus Sodium Flouride 
Iontophoresis: The “Salvage Crew” to the 
Rescue. Int Res J Medical Sci.  

10. Patil AR, Varma S, Suragimath G, 
Abbayya K, Zope SA, Kale V. Comparative 
Evaluation of Efficacy of Iontophoresis with 
0.33% Sodium Fluoride Gel and Diode 
Laser Alone on Occlusion of Dentinal 
Tubules. J Clin Diagn Res. 2017;11(8) 
:ZC123-ZC126. 

11. Pauli MC, Tabchoury CPM, Silva SAME, 
Ambrosano GMB, Lopez RFV, Leonardi 
GR. Effect of iontophoresis on fluoride 
uptake in enamel with artificial caries 
lesion. Braz Oral Res. 2019;33:0037.  

12. Kim HE, Kwon HK, Kim BI. Application of 
fluoride iontophoresis to improve 
remineralization. J Oral Rehabil. 
2009;36(10):770-5.  

13. Girenes G, Ulusu T. An in vitro evaluation 
of the efficacy of a novel iontophoresis 
fluoride tray on remineralization. J Clin Exp 
Dent. 2014;6(4):e327-e334.  

14. Thosar NR, Bane SP, Hake N, Gupta S, 
Sudhindra BM, Rathi N. Knowledge, 
attitude and practice of mothers for 
administration of medicaments to their 
children and its correlation with dental 
caries. International Journal of Current 
Research and Review. 2020;12(18):5–8.  
Available:https://doi.org/10.31782/IJCRR.2
020.12189 

15.  Khemka S, Thosar N, Bane SP, Baliga S, 
Rathi N, Deulkar PV, Deshpande MA. 
Effect of three different moisture contamin-
ation conditions on the marginal sealing 
ability of two commercially available 
fluoride-releasing pit and fissure sealants. 
International Journal of Current Research 
and Review. 2020;12(20):168–72.  
Available:https://doi.org/10.31782/IJCRR.2
020.122024. 

16. Panchbhai A. Nanocomposites: Past, 
present and future of dentistry. Applications 
of Nanocomposite Materials in Dentistry; 
2018.  
Available: https://doi.org/10.1016/B978-0-
12-813742-0.00011-0. 

17. Chandak MG, Modi RR, Rathi BJJ, Gogiya 
RJ, Bhutada P. In vitro comparative 
assessment of diffusion of ion from 
calcium hydroxide with three different 
phytomedicine pastes through dentin. 
World Journal of Dentistry. 2018;9(5):366–
71.  
Available:https://doi.org/10.5005/jp-
journals-10015-1564. 

 

© 2021 Ragit et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/80019 

https://doi.org/10.31782/IJCRR.2020.12189
https://doi.org/10.31782/IJCRR.2020.12189
https://doi.org/10.31782/IJCRR.2020.122024
https://doi.org/10.31782/IJCRR.2020.122024
https://doi.org/10.1016/B978-0-12-813742-0.00011-0
https://doi.org/10.1016/B978-0-12-813742-0.00011-0
https://doi.org/10.5005/jp-journals-10015-1564
https://doi.org/10.5005/jp-journals-10015-1564
http://creativecommons.org/licenses/by/2.0

