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 ABSTRACT 

Background: Some alterations in the enamel structure of primary teeth have been reported 

following iron drop consumption. The efficacy of different remineralizing agents for this 

problem is still challenging. 

Purpose: This study aimed to assess the efficacy of remineralizing agents for prevention of 

microhardness reduction and change in primary enamel mineral content after exposure to 

iron drop. 

Materials and Method: In this experimental study, 36 sound primary anterior teeth were 

assigned to four groups of control, casein phosphopeptide amorphous calcium phosphate 

(CPP-ACP), fluoride varnish (FV), and CPP-ACP+FV (MI varnish). The baseline micro-

hardness of the teeth was first measured by Vickers hardness tester using 50 g load for 10 

seconds. Next, the microhardness was measured after remineralizing agents were applied 

on the specimens. After the application of iron drop for 5 minutes, and pH cycling for 10 

days, the final microhardness of specimens was registered. Specimens were also subjected 

to energy dispersive X-ray spectroscopy (EDS) in the control group, after remineralization 

and after the application of iron drop. Data were analyzed by one-way ANOVA, Tukey’s 

test, and Tamhane’s test.  

Results: The final microhardness was significantly higher in all remineralized groups com-

pared to the control group (p Value= 0.003). The final microhardness was significantly hig-

her in MI varnish compared to FV (p= 0.027), CPP-ACP (p= 0.03), and control (p< 0.0001) 

groups. According to EDS, calcium (Ca) and ferric (Fe) content were significantly different 

between the remineralizing groups and control groups in the final step (p< 0.00001).  

Conclusion: Application of CPP-ACP, FV, and MI varnish prior to iron drop exposure can 

improve microhardness. MI varnish had significantly higher efficacy for this purpose than 

the other two remineralizing agents. 
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Introduction  

The prevalence of iron deficiency was 18% to 38% in 

Iranian children under 5 years of age in 2004 [1-5]. In 

addition, the adverse effects of iron deficiency anemia 

on young children often continue over years, and de-

crease their cognitive function, and physical and behav-

ioral performance and adverse effect on different part of 

body such as central nervous system, gastrointestinal, 

and immunity [6]. Iron drops are prescribed after 6
th
 

month to 2 years to prevent iron deficiency [1, 6]. The 

majority of iron supplements contain citric acid to im-

prove their flavor and taste; however, citric acid de-
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creases the pH and increases the solubility of tooth 

structure [5], resulting in dental erosion [7] and micro-

hardness reduction [1, 3]. In addition, increased enamel 

surface roughness results in dark discoloration and de-

velopment of dental caries [1-4, 8].  

It has been demonstrated that casein phosphopeptide 

amorphous calcium phosphate (CPP-ACP) can enhance 

remineralization and could prevent dental caries [9]. 

CPP-ACP is a bioactive agent derived from milk pro-

tein. Casein phosphopeptide (CPP) binds to dental 

plaque, soft tissue, and tooth and provides a super-

saturated state of minerals in the enamel by stabilization 

and localization of amorphous calcium phosphate 

(ACP) [10]. As a result, mineral loss due to acid attacks 

would be reduced [11]. The cariostatic and remineraliz-

ing properties of fluoride have been well documented 

[11]. The synergistic effects of CPP-ACP and fluoride 

for prevention of demineralization have been previously 

reported as well [12-14]. A previous study showed that 

simultaneous application of CPP-ACP and fluoride var-

nish (FV) for the prevention of enamel demineralization 

was more effective than monotherapy with each of them 

alone [13]. Another study revealed that MI varnish con-

taining CPP-ACP and fluoride significantly decreased 

demineralization compared with each of them alone 

[15]. Nonetheless, the efficacy of these bioactive remin-

eralizing agents in the prevention of primary enamel 

microhardness reduction due to exposure to iron drop 

has not been previously investigated. Thus, this study 

aimed to assess the efficacy of remineralizing agents for 

prevention of microhardness reduction and change in 

mineral content of enamel in anterior primary teeth fol-

lowing exposure to iron drop.  

 

Materials and Method 

In this experimental study (ethical approval code: 

IR.IAU.DENTAL.REC.1400.043), the minimum sam-

ple size was calculated to be 9 in each of the four groups 

according to a study by Mohammed et al. [16] assuming 

α=0.05, β=0.2, mean standard deviation of 1.5, and ef-

fect size of 0.62 using one-way ANOVA power analysis 

feature of SPSS 26.  

A total of 36 sound primary maxillary anterior teeth 

with no caries, cracks, fracture, restoration, or hypo-

plasia in their crowns were included in this study (with 

satisfaction of parents) [1-3, 17-19]. The teeth were 

inspected under a stereomicroscope (LV-TV, Nikon, 

Japan) at 40× magnification to ensure absence of cracks. 

The maximum time interval between tooth extraction 

and the experiment was 3 months [1]. All teeth were 

immersed in 0.5% chloramine T solution for one week 

and stored in distilled water at 4°C until the experiment 

[20]. The enamel microhardness of primary teeth was 

measured before and after exposure to iron drop and 

also before the application of remineralizing agents by a 

Vickers hardness tester (Wilson Hardness Tukon 1202, 

Buehler, USA) [19, 21]. The specimens underwent the 

following eight steps as follows. 

Specimen preparation 

The entire crown surfaces of all 27 primary maxillary 

anterior teeth were coated with nail varnish (Natural 

Purl, Iran) except for a 4×4mm window in the labial 

surface [21].  

Baseline measurement of microhardness 

The teeth were mounted in light-cure acrylic resin 

(Megadent, Megatray, Germany) such that their lingual 

surface was mounted in acrylic resin while their labial 

surface was exposed (facing out) [18]. To obtain a 

smooth enamel surface for indentation, the labial sur-

face was polished with 800, 1000, and 2000-grit silicon 

carbide abrasive papers (Smirdenx, Greece) under run-

ning water [3, 5, 21-22]. Each abrasive paper was used 

with 90-degree rotation compared with the previous 

abrasive paper for each surface to obtain a smooth sur-

face for indentation and measurement of microhardness. 

The microhardness of specimens was measured by a 

Vickers hardness tester [1, 18, 22]. The labial surface of 

the teeth was assessed, and the indenter applied 50 g 

load for 10 seconds to create a square-shaped indenta-

tion [18]. The Vickers hardness number (VHN) of each 

specimen was measured at three points as such, and the 

mean of the three values was recorded as the VHN of 

the respective specimen [1, 18]. Teeth with a VHN val-

ue of 239 to 478 were selected for this study [18]. The 

teeth were then immersed in distilled water at room 

temperature [3, 20, 22].  

Remineralization  

The teeth were randomly assigned to three groups by 

simple randomization using a computer-generated table 

of random numbers, such that 9 teeth were assigned to 

each group of CPP-ACP, FV, and MI varnish (a combi-

nation of CPP-ACP and FV). 
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In each group, CPP-ACP (Tooth Mousse/GC, USA), 

FV (Flouro Dose/centric, USA), and MI varnish (GC, U- 

SA) were applied on the window created on the buccal 

surface for 4 hours. Next, they were removed by a cot-

ton swab dipped in acetone, and the tooth surface was 

rinsed with distilled water [23].  

After the application of remineralizing agents, the 

teeth were immersed in artificial saliva with the compo-

sition of 1.5 mM CaCl2, 0.9 mM NaH2PO4, and 0.15 M 

KCl with a pH of 7 for 24 hours [21]. Next, each tooth 

was split in half labiolingually along the longitudinal 

axis and at the center of the created window using a 

diamond disc (Prodont Holliger, France) (Figures 1-2). 

One-half of each tooth underwent the next steps and the 

other half was used for assessment of mineral content 

by energy dispersive X-ray spectroscopy (EDS). 

Measurement of secondary microhardness 

Tooth halves subjected to remineralizing agents were 

removed from the artificial saliva and rinsed with dis-

tilled water [3, 16, 22]. Their microhardness was then 

measured again blindly by a Vickers hardness tester.  

Exposure to iron drop 

Acetone was used to remove nail varnish from the tooth 

halves. They were then exposed to iron drop (Irofant fe-

rrous sulfate, Kharazmi, Iran) for 5 minutes at 37°C in a 

shaker incubator (Shin Saeng, Korea) [1, 3, 18, 22, 24].
 

This iron drop contains 125.1mg ferrous sulfate heptah- 
 

 
 

Figure 1: Samples halves 

 

 

 
 

Figure 2: Another aspect of sample halves 

ydrate per each 1 mL (25 drops) and 25 mg sodium sac-

charine (as sweetener) [3, 22]. 

The pH cycling 

Tooth halves underwent remineralization-demineralizat-

ion cycles. The composition of demineralizing solution 

included 2.2 mM CaCl2, 2.2 mM NaH2PO4, 0.05 M 

acetic acid, and 1 M KOH at a pH of 4.4, while the for-

mulation of remineralizing solution included 1.5 Mm 

CaCl2, 0.9 Mm NaH2PO4, 0.15 M KCl, and 1 ppm NaF 

with a pH of 7 [23]. The teeth were immersed in demin-

eralizing solution for 6 hours and in remineralizing solu-

tion for 18 hours at 37°C on a daily basis for 10 days 

[23]. The solutions were refreshed daily [4]. 

Measurement of final microhardness  

The microhardness of the tooth halves was measured 

again blindly by a Vickers hardness tester. The change 

in microhardness of each tooth was calculated quantita-

tively by comparison with the baseline values.  

Measurement of mineral content 

All tooth halves were rinsed with deionized water and 

prepared for the measurement of mineral content by 

energy dispersive X-ray spectroscopy (EDS) (EDS/ma-

pping–BRUKER XFlash 6.10, Netherlands). Each tooth 

half was mounted on a piece of copper, and subjected to 

EDS. The content of calcium, phosphorous, fluoride, 

and iron based on their atomic number was determined 

according to the diagram peaks shown by the software 

(Figure 3) [21]. 

Statistical analysis 

Data were analyzed by the SPSS software version 26 

(SPSS Inc., Chicago, IL, USA) using one-way ANO-

VA, Tukey’s test, and Tamhane’s test at p< 0.05 level 

of significance.  

 

Results  

Table 1 and Figure 4 present the baseline, secondary, 

and final microhardness of the groups. Considering the 

normal distribution of data as confirmed by the Kolmo-

gorov-Smirnov test (p> 0.05), one-way ANOVA was 

used for the comparisons, which showed a significant 

difference among the baseline, secondary, and final 

microhardness within each group (p< 0.0001), such that 

the microhardness at the second step (after the applicati-

on of remineralizing agent) increased by 10% in FV, 

11.2% in CPP-ACP, and 11.3% in MI varnish group, 

compared with the first step. Also, the microhardness at 
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Figure 3: Study design flow diagram 

 

the third step (after exposure to iron drop) decreased by 

52% in FV, 51% in CPP-ACP, and 48% in MI varnish 

group, compared with the second step. This reduction 

was 63% in the control group that was only exposed to 

iron drop and did not receive remineralizing agents. 

One-way ANOVA showed a significant difference 

in the amount of Ca (p= 0.009) and Fe (p< 0.0001) ions 

on the external tooth surface in different groups. The 

highest calcium content was noted in CPP-ACP group 

and the lowest in the control group. Also, the highest 

iron content was found in the control group and the 

lowest in MI varnish group. Considering the variance 

and data distribution in each group, pairwise compari-

sons of the groups were conducted by the Tukey’s test 

for the calcium content and by the Tamhane’s test for 

the iron content. The Tukey’s test showed that the dif-

ference in calcium content was significant between the 

control and MI varnish (p= 0.030), and control and CPP 

-ACP (p= 0.009) groups. The Tamhane’s test revealed 

significant differences between the control group with 

CPP-ACP (p= 0.007), FV (p= 0.007), and MI varnish 

(p= 0.004) groups regarding the iron content. The ele-

mental content of the two halves of each tooth (the half 

subjected to remineralizing agents and iron, and the 

other half subjected to remineralizing agents) was com-

pared within each group by paired sample t-test. In total, 

the iron content was higher and the calcium content was 

lower in tooth halves, subjected to iron drop and remin 
 

 
Figure 4: Microhardness of the groups at three steps 
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eralizing agents, compared with other halves, subjected 

to remineralizing agents alone (Table 1 and Figure 5). 

 

Discussion  

As consuming iron drop supplements leads to deminer-

alization and reduction of primary enamel microhard-

ness among children [11], this study aimed to assess the 

efficacy of CPP-ACP, FV, and MI varnish for the pre-

vention of microhardness reduction and mineral content 

change of enamel in anterior primary teeth following 

exposure to iron drop.  

The present study found no significant difference in 

enhancement of microhardness among the tested remin-

eralizing agents (p> 0.05). MI varnish and CPP-ACP 

create a super-saturated state of calcium and phosphorus 

at the tooth surface, which enhances enamel reminerali-

zation and limits demineralization and mineral loss in 

the process of caries development [13]. In addition, FV 

results in formation of calcium fluoride (CaF2) deposits 

and increases enamel resistance, enhances remineraliza-

tion, and subsequently improves the microhardness of 

the teeth [25]. 

Our results revealed that iron drop significantly de-

creased the surface microhardness in all study groups, 

which was in accordance with the studies of Tabari et 

al. [1], Mehran et al. [3], and Pasdar et al. [18]. Also, 

Abbasi et al. [26] evaluated the effect of iron drop and 

multivitamins on microhardness of primary teeth and 

found that Kharazmi iron drop caused 43.47% reduction 

in primary enamel microhardness. Iron drop decreases 

the microhardness by two mechanisms. It contains citric 

acid with a pH of 2.54 to 4.68 which is lower than 5.5, 

and increases the solubility and dissolution of hydroxy-

apatite, and development of dental erosion [26]. Acidic 

compounds are added to medications and supplements 

as a buffer to preserve chemical stability, control cohesi- 
 

Table 1: Mean Microhardness (VHN) and mineral content of the groups 

 

Tests 

 

 

Groups 

Mean± SD 

Microhardness (Kgf/mm²) 
p Value 

Multiple 

Comparisons 

Tukey HSD 

Mean± SD 

Mineral content (wt%) 

p Value 

 

Paired 

Samples 

Test 
Mh1a Mh2b Mh3c Ca CaH P PH F FH Fe FeH 

Control 

(iron) 

315.4000 
± 

39.80710 

_ 
119.8667 

± 

20.27042 

 
65.3433 

± 

2.44856 

_ 
28.9078 

± 

3.19174 

_ 
0.3144 

± 

0.55935 

_ 
5.1522 

± 

1.95029 

 _ 

FV 
286.4222 

± 

23.41654 

315.2333 
± 

28.39820 

136.5889 
± 

15.34784 

Mh1-Mh2: 
>0.0001* 

Mh1- Mh3: 
>0.0001* 

Mh2- Mh3: 

>0.0001* 

67.3267 
± 

1.95630 

69.7011 
± 

1.09235 

30.3856 
± 

1.97467 

30.0356 
± 

1.01214 

0.2567 
± 

0.37829 

0.1511 
± 

0.21292 

2.0311 
± 

0.49245 

0.1122 
± 

0.11454 

Ca-CaH#: 

0.007* 
P-PH#: 

0.627 
F-FH#: 

0.467 

Fe-FeH#: 
>0.0001* 

MI 

varnish 

303.6556 

± 
40.63423 

338.2444 

± 
49.08457 

159.2444 

± 
24.44673 

Mh1-Mh2: 

>0.0001* 
Mh1- Mh3: 

>0.0001* 

Mh2- Mh3: 
>0.0001* 

67.9722 

± 
1.68534 

72.1456 

± 
2.29956 

29.7989 

± 
1.60973 

27.4911 

± 
2.14565 

0.3867 

± 
0.38846 

0.2000 

± 
0.30871 

1.7422 

± 
0.34734 

0.1633 

± 
0.13398 

Ca-CaH: 

0.002* 

P-PH: 
0.032* 

F-FH: 

0.098 
Fe-FeH: 

>0.0001* 

CPP- 

ACP 

267.9111 
± 

62.64398 

298.1222 
± 

58.60955 

128.6222 
± 

8.09966 

Mh1-Mh2: 
>0.0001* 

Mh1- Mh3: 

>0.0001* 
Mh2- Mh3: 

>0.0001* 

68.3944 
± 

1.33720 

70.2267 
± 

0.86324 

29.5100 
± 

1.39556 

29.5100 
± 

0.99911 

0.1144 
± 

0.12885 

0.1611 
± 

0.32402 

1.9811 
± 

0.41664 

0.1033 
± 

0.12217 

Ca-CaH: 

0.013* 
P-PH: 

>0.999 

F-FH: 
0.716 

Fe-FeH: 

>0.0001* 

p value 0.133 0.331 <0.0001*  0.009* - 0.541 - 0.520 - >0.0001* -  
 

- Mineral content was measured after the application of the iron drop in the control group and after the application of remineralizing agents+iron drop in the 
study groups as remineralizing agents were not applied in the control group, Mhs2 was not measured in this group. 

*: significant 

a: Mh1: First microhardness 
b: Mh2: Microhardness after consuming remineralizing agent 

c: Mh3: Microhardness after using iron drop 

 #: CaH/FeH/PH/FH: Ca, Fe, P, F content in dental halves that were only under the effect of remineralizing agent 
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Figure 5: Ca, F, P and Fe contents of the study groups as shown by energy-dispersive X-ray spectroscopy (EDS) 

 

on, and enhance physiological compatibility, solubility, 

and taste, and subsequently improve their acceptance by 

patients [27-28]. Moreover, when enamel is incubated 

with iron salts, ferric sulfate deposits will form on the 

enamel surface due to interaction of iron ions with in-

soluble phosphates. This composition has a weaker 

structure than calcium phosphate and decreases the mi-

crohardness of the teeth [29-31]. Since primary enamel 

is less mineralized than permanent enamel, it is more 

susceptible to dental erosion and discoloration following 

the consumption of compounds with a low pH [32].  

The present study indicated that the application of 

remineralizing agents on primary teeth prevented the 

reduction in microhardness following exposure to iron 

drop to some extent. MI varnish was significantly more 

effective than CPP-ACP and FV for this purpose (p< 

0.0001). Moreover, in some other studies comparing the 

efficacy of these products in prevention of erosion, the 

demineralization prevention potential of MI varnish was 

higher than that of FV and CPP-ACP [13, 15]. Applica-

tion of CPP-ACP along with fluoride has a synergistic 

effect on enamel remineralization and formation of sta-

bilized amorphous calcium phosphate fluoride, which 

results in increased participation of fluoride ions and 

increased concentration of available calcium and phos-

phate ions [13]. To date, only one study has been con-

ducted on prevention of adverse effects of iron drops. 

Tabari et al. [1] used nano-hydroxyapatite and chitosan 

remineralizing agents prior to exposure of teeth to iron 

drops. They reported the minimal efficacy of this re-

mineralizing compound in prevention of microhardness 

reduction, and showed that the erosive potential of iron 

drop was much higher than the remineralizing effect of 

this compound.  

The second objective of the present study was to as-

sess the mineral content of enamel of primary teeth after 

the application of remineralizing agents and exposure to 

iron drop. The results of EDS analysis showed an in-

crease in calcium content of primary enamel in the final 

step in MI varnish, CPP-ACP, and FV groups. CPP-

ACP and MI varnish remineralizing agents have CPP 

complexes that increase the mineral content of the teeth. 

CPP competes with calcium in binding to plaque calci-

um binding sites, limiting mineral loss in the process of 

caries development, and creating a super-saturated state 

of calcium and phosphorous close to the tooth surface, 

resulting in enhancement of remineralization [33]. 

Moreover, tooth halves subjected to iron drop and 

remineralizing agents had higher iron content and lower 

calcium content that the other halves subjected to re-
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mineralizing agents alone. Kharazmi iron with a pH of 

approximately 1.9 [24] can cause demineralization and 

enamel erosion. To overcome this acidic pH, the tooth 

structure releases calcium and phosphate, and becomes 

porous and Iron ions react with the phosphates [18, 33]. 

In a study by Salman et al. [21] evaluating the effect of 

remineralizing agents on demineralized lesions used 

EDS analysis, MI varnish increased the mineral content 

significantly more than FV.  

In the present study, the fluoride element was also 

analyzed in EDS but no significant difference was noted 

in this respect among different groups. Similarly, in the 

study of Vicente et al. [35] on prevention of enamel 

demineralization by fluoride varnishes, no significant 

difference was found regarding the amount of fluoride 

ions. They stated that the storage environment affects 

the amount and speed of release of fluoride. Perhaps the 

reason for the lack of difference in enamel fluoride lev-

els between the groups is due to the topical application 

of fluoride, which initially leads to the formation of 

calcium fluoride on the enamel surface, and later enters 

the enamel structure. Since EDS analysis detects fluo-

ride within the enamel structure, no difference in the 

amount of enamel fluoride was observed [25, 34].  

Evaluation of the efficacy of commonly used remin-

eralizing agents in pediatric dentistry for prevention of 

microhardness reduction by Kharazmi iron drop for the 

first time was the main strength of the present study. 

Moreover, in addition to measurement of microhard-

ness, EDS analysis was performed, and pH cycling was 

conducted to simulate the oral environment. Besides, 

tooth halves were used to compare remineralization plus 

iron drop and remineralization alone in the same tooth 

to eliminate the confounding effect of structural differ-

ences of the teeth on the results. The in vitro design of 

this study may limit the generalization of results to the 

oral environment.  

 

Conclusion  

Within the limitations of this study, the results showed 

that application of FV, CPP-ACP, and MI varnish re-

mineralizing agents increased the primary enamel mi-

crohardness. Moreover, applying remineralizing agents 

prior to iron drop exposure prevented microhardness 

reduction by approximately 10%. MI varnish was sig-

nificantly more effective than CPP-ACP and FV for this 

purpose. Since iron drop exposure significantly de-

creased the microhardness of primary enamel, CPP-

ACP, MI varnish, and fluoride varnish were effective in 

prevention of reduction in mineral content following 

exposure to iron drop.  

 

Acknowledgements 

Not applicable 

Support 

None 

Funding 

No funds, grants, or other support was received. 

 

Conflict of Interests 

The authors declare that they have no conflict of inter-

ests. 

 

References  

[1] Tabari M, Alaghemand H, Rabiee M, Khefri S, Ahadi 

MS, Nikpour MR. The effect of silicone oil and nano-

hydroxyapatite/chitosan powder on microhardness and 

surface structure of primary teeth enamel after iron drop 

consumption. JDS. 2013; 31: 138-147. 

[2] Eskandarian T, Motamedifar M, Hekmatfar S, Tamaddon 

AM. Comparison of the effect of three types of iron drops 

on surface roughness of deciduous teeth in a simulated 

cariogenic environment. JDS. 2013; 31: 15-22. 

[3] Mehran M, Bassir MM, Jafari S. Effect of two kinds of 

iron drops on the discoloration, atomic absorption and 

structural changes of primary teeth enamel. JDM. 2009; 

21: 1-10. 

[4] Thierens LAM, Moerman S, Elst CV, Vercruysse C, 

Maes P, Temmerman L, et al. The in vitro remineralizing 

effect of CPP-ACP and CPP-ACPF after 6 and 12 weeks 

on initial caries lesion. J Appl Oral Sci. 2019; 27: 

e20180589. 

[5] Hekmatfar S, Piraneh H, Jafari K. Evaluation of the rela-

tionship between pH and titrable acidity of five different 

of iron supplements with the absorption of iron ions in 

the anterior primary teeth (an in vitro study). Dent Res J 

(Isfahan). 2018; 15: 367-371. 

[6] Mozafar S, Ahmadi R, Kameli S, Khodakarami S. In 

vitro efficacy of sodium bicarbonate powder and pumice 

flour for removal of iron induced pigmentations. JIDA. 

2019; 31: 154-161. 

[7] Asgari I, Soltani S, Sadeghi SM. Effects of iron products  



Remineralizing Iron Drop Treated Dental Enamel               Tabatabaei Rad AS, et al 

10.30476/dentjods.2024.100763.2247 

119 

on decay, tooth microhardness, and dental discoloration: 

a systematic review. Arch Pharm Pract. 2020; 11: 60-82. 

[8] Karimi M. Does iron drop cause dental caries in childre- 

n? J Dent Health Oral Disord Ther. 2018; 9: 300. 

[9] Valian A, Moezzyzadeh M, Moravejsalehi E. Role of 

Amorphous Calcium Phosphate in Dentistry. JDS. 2014; 

32: 53-63. 

[10] Ghafournia M, Tehrani MHNA. Casein Phosphopeptides 

in oral and dental health. JIDS. 2009; 4: 211-218. 

[11] Nourolahian H, Parisay I, Mir F. The effect of Remin Pro 

on the microhardness of initial enamel lesions in primary 

teeth: An in vitro study. Dent Res J (Isfahan). 2021; 18: 

16. 

[12] Al-Batayneh OB, Jbarat RA, Al-Khateeb SN. Effect of 

application sequence of fluoride and CPP-ACP on remin-

eralization of white spot lesions in primary teeth: An in 

vitro study. Arch Oral Biol. 2017; 83: 236-240. 

[13] Duraisamy V, Xavier A, Nayak UA, Reddy V, Rao AP. 

An in vitro evaluation of the demineralization inhibitory 

effect of F(-) varnish and casein phosphopeptide-

amorphous calcium phosphate on enamel in young per-

manent teeth. J Pharm Bioallied Sci. 2015; 7: S513-S517. 

[14] Thakkar PJ, Badakar CM, Hugar SM, Hallikerimath S, 

Patel PM, Shah P. An in vitro comparison of casein 

phosphopeptide-amorphous calcium phosphate paste, ca-

sein phosphopeptide-amorphous calcium phosphate paste 

with fluoride and casein phosphopeptide-amorphous cal-

cium phosphate varnish on the inhibition of demineraliza-

tion and promotion of remineralization of enamel. J Indi-

an Soc Pedod Prev Dent. 2017; 35: 312-318. 

[15] Abufarwa M, Noureldin A, Campbell PM, Buschang PH. 

The longevity of casein phosphopeptide-amorphous cal-

cium phosphate fluoride varnish's preventative effects: 

Assessment of white spot lesion formation. Angle Or-

thod. 2019; 89: 10-15. 

[16] Mohammed NI, Mostafa IE, Abdelaziz AA. Evaluation 

of the effect of different remineralizing agents on stains 

absorption and surface roughness of freshly bleached 

teeth (An in vitro study). AJDSM. 2018; 21: 307-312. 

[17] Sulieman M. An overview of tooth discoloration: extrin-

sic, intrinsic and internalized stains. Dent Update. 2005; 

32: 463-471. 

[18] Pasdar N, Alaghehmand H, Mottaghi F, Tavassoli M. 

Experimental study of iron and multivitamin drops on 

enamel microhardness of primary tooth. J Int Soc Prev 

Community Dent. 2015; 5: 518-524. 

[19] Shabzendehdar M, Makarem A, Orafai H, Khashayarma- 

nesh Z, Ebrahimzadeh S. Comparison of primary enamel 

discoloration caused by the use of three different iron dr-

ops. J Dent Mashhad Univ Med Sci. 2006; 30: 247-254. 

[20] Firouzmandi M, Mohaghegh M, Jafarpisheh M. Effect of 

silver diamine fluoride on the bond durability of normal 

and carious dentin. J Clin Exp Dent. 2020; 12: e468-

e473. 

[21] Salman NR, ElTekeya M, Bakry N, Omar SS, El Tantawi 

M. Comparison of remineralization by fluoride varnishes 

with and without casein phosphopeptide amorphous cal-

cium phosphate in primary teeth. Acta Odontol Scand. 

2019; 77: 9-14. 

[22] Craig RG, Peyton FA. The microhardness of enamel and 

dentin. JDR. 1958; 37: 661-668. 

[23] Salman NR, El-Tekeya MM, Bakry NS, Soliman S. Re-

mineralization effect of fluoride varnish containing casein 

phosphopeptide amorphous calcium phosphate on caries-

like lesions in primary teeth (in vitro study). ADJA-

LEXU. 2019; 44: 13-16. 

[24] Sahebnazar N, Tavassoli-Hojjati S, Aghaei S. Effect of 

Sucrosomial(®) Iron and Iron Drop Diluted with Natural 

Fruit Juice on Microhardness of Primary Enamel. Front 

Dent. 2022; 19: 35. 

[25] Oliveira MRC, Oliveira PHC, Oliveira LHC, Horliana A, 

César PF, Moura SK, et al. Microhardness of bovine 

enamel after different fluoride application protocols. Dent 

Mater J. 2019; 38: 61-67. 

[26] Abbasi M, Mazhari F, Jaafari MR, Afshari E, Bagheri H, 

Parisay I. Color change of primary teeth following expo-

sure to an experimentally synthesized liposomal nano-

encapsulated ferrous sulfate drop versus the commercial-

ly available iron drops. PDJ. 2021; 31: 256-267. 

[27] Maguire A, Baqir W, Nunn JH. Are sugars-free medi-

cines more erosive than sugars-containing medicines? An 

in vitro study of paediatric medicines with prolonged oral 

clearance used regularly and long-term by children. Int J 

Paediatr Dent. 2007; 17: 231-238. 

[28] Nanci A. Ten Cate's Oral Histology. 9th ed. St Louis, 

Missouri: Elsevier; 2017. p. 523-525. 

[29] Martinhon CC, Italiani Fde M, Padilha Pde M, Bijella 

MF, Delbem AC, Buzalaf MA. Effect of iron on bovine 

enamel and on the composition of the dental biofilm 

formed "in situ". Arch Oral Biol. 2006; 51: 471-475. 

[30] Magalhães AC, Moraes SM, Rios D, Buzalaf MA. Effect 

of ion supplementation of a commercial soft drink on too- 



Tabatabaei Rad AS, et al           J Dent Shiraz Univ Med Sci. June 2025; 26(2): 112-120. 

10.30476/dentjods.2024.100763.2247 

120 

th enamel erosion. Food Addit Contam Part A Chem  

Anal Control Expo Risk Assess. 2009; 26: 152-156. 

[31] Sales-Peres SH, Pessan JP, Buzalaf MA. Effect of an iron 

mouthrinse on enamel and dentine erosion subjected or 

not to abrasion: an in situ/ex vivo study. Arch Oral Biol. 

2007; 52: 128-132. 

[32] Mittal S, Singh B, Sharma A, Mittal K, Justa A, Vaid P. 

Surface changes of primary tooth enamel by commonly 

used pediatric liquid medicaments: A scanning electron 

microscope study. JP Dent. 2017; 5: 14-20. 

[33] Fernando JR, Shen P, Sim CPC, Chen YY, Walker GD, 

Yuan Y, et al. Self-assembly of dental surface nanofilam- 

ents and remineralisation by SnF(2) and CPP-ACP nan-  

ocomplexes. Sci Rep. 2019; 9: 1285. 

[34] Ebrahimi M, Mehrabkhani M, Ahrari F, Parisay I, Jahan-

tigh M. The effects of three remineralizing agents on re-

gression of white spot lesions in children: A two-week, 

single-blind, randomized clinical trial. J Clin Exp Dent. 

2017; 9: e641-e648. 

[35] Vicente A, Ortiz Ruiz AJ, González Paz BM, García 

López J, Bravo-González LA. Efficacy of fluoride var-

nishes for preventing enamel demineralization after in-

terproximal enamel reduction. Qualitative and quantita-

tive evaluation. PLoS One. 2017; 12: e0176389.

 

 

 


