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Abstract 
 
Background: Various iron-based products are available that are prescribed in iron deficiency. However, inadequate intake of iron due to the 

discoloration of teeth and perception of beginning caries has been reported. In contrast, other findings indicate cariostatic property for iron. 

Regarding the dispersion of the results of studies on the effect of iron on the tooth and its importance, this systematic review, reviewed the 

effect of iron products on dental caries. Methods: To access the articles in this review, which includes Persian and English articles published 

up to December 2018, keywords were searched based on the outcome of caries, tooth microhardness and dental discoloration on national and 

international data basis. Both types of in vitro & in vivo studies related to our topic were selected then necessary Information was extracted 

from each study and appraised by proper checklists. Results: After removing unrelated articles, 34 articles were evaluated qualitatively, which 

included 30 RCT studies (13 related to caries, 11 related to microhardness and 10 related to discoloration). In decay group 1 study and 

microhardness group 2 studies received a low risk of bias score. Conclusion: Studies on iron salt combinations reinforce the cariostatic 

hypothesis, but about the iron drop, because of various configurations and additives cannot be certainty commented. Of course, showing that 

some iron drops show a cariostatic effect in the presence of a carious diet. In the field of microhardness, the presence of iron in the cariogenic 

diet decrease changes in microhardness but the acidic diet, we need more in vivo studies. Also about discoloration well-designed studies 

especially in human beings are required. 
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INTRODUCTION 
 
The iron element has different functions in the body, out of 

which functionality of red blood cells, Myoglobin activity 

and participation in  reactions of cellular respiration as well as 

energy production could be mentioned. Nutritional 

deficiency and anemia are some of the most common 

nutritional problems in the 21st century regardless of 

numerous foods rich in iron [1].  There have been presented 

three approaches to prevent iron deficiency as follows: to 

prescribe an iron supplement for at-risk groups (iron aid), to 

enrich certain foods with iron and to train to modify effective 

habits or behaviors through appearance and intensification of 

iron deficiency [2]. In the national health program of ministry, 

daily usage of one iron drop is prescribed for the children of 

6 to 24 months to prevent iron deficiency [3]. In spite of the 

significance and cost of such a national plan, iron deficiency 

has been reported many times causing discoloration of 

deciduous teeth that parents consider this issue as the 

beginning of caries in teeth due to taking iron drops [4]. 

Having poor health care or any defect on the external surface 

of the teeth enamel makes the teeth prone to discoloration [5]. 

 The major side effect of iron supplement reported in some 

studies is dental caries.  An old study conducted by James and 

Parfitt (1953) is relevant research to medication and caries 

creation which has studied the effects of iron supplements 

with a PH between 1/5 - 8/56 on the teeth. In this study, the 
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most effective factors in dental caries have been revealed as 

supplement acidity, frequency, and instruction of 

supplements as well as the child's talent [6]. 

In contrast, some studies indicate other results suggesting that 

iron has a cariostatic effect on dental decay [7]. The cariostatic 

effects of iron have been attributed to various factors, 

including reduction of Streptococcus Mutans biofilm [8] or 

inhibition of the bacterial enzyme glucosyltransferase by this 

metal ion [9]. Berlutti F stated that reduction in the saliva Fe 

results in increasing the accumulation of Streptococcus 

Mutans bacteria and plaque formation whereas the increase 

of saliva Fe prevents this issue [10]. Martinhon CC et al. 

(2006) showed that ferrous sulfate of demineralization 

decreases the blocks of cow's enamel and also changes the 

ionic biofilm of dental compounds [11]. In the study of Eshghi 

et al., performed on laboratory rats, the researcher suggested 

that by using iron supplements, there is the possibility to stop 

the process of decay despite certain complications such as 

dental color changes [12]. Another study in Shiraz on the 

relation between DMFT of children aged 2-5 and intake of 

iron aid, suggests iron aid intakes in various forms have no 

influence on the prevalence of dental decay in children and 

based on the opinion of the researcher, the decay that the 

parents consider as a result of iron drop intake may be related 

to the syndrome of nursing bottle dental decay [13]. Hussein 

AS (2013) studied four elements including iron, copper, 

manganese, and zinc in the saliva of people with decay and 

the controls which the result demonstrated no significant 

difference in the amount of iron and manganese in both 

groups [14]. 

An example of the results from the above studies illustrates 

that there was no consensus on this issue and given the 

dispersion of the study’s results in this field along with its 
importance in our country, a systematic overview has been 

implemented in this research to study the effect of iron 

products on teeth. 

METHODS 

Search Study: 
At first, we Defined the review question and developing 

criteria for including studies instruction then searching for 

studies began [15]. The studies were divided into two general 

groups containing in-vitro and in-vivo. According to the 

PICO model, in the in-vitro group, the population (P) 

included extracted human or animal tooth out of the mouth. 

In the in-vivo study, the population contained the human and 

animal teeth in the oral cavity. The understudy intervention 

(I) was to expose the teeth to iron drop, iron supplement or 

other iron products. Comparing (C) with the teeth which 

weren’t exposed to iron drop, iron supplement and in general 
iron products. The understudy outcomes of (O) included 

dental hardness, dental decay, and color change. 

The keywords concerning English and their equivalents in 

Farsi were searched through national databases (SID, 

Iranmedex) and international databases (Medline (base 

PubMed), Scopus and Google scholar) (Figure 2). The 

references of the found papers were used to have access to 

the relevant papers. The hand searching was carried out 

through dissertations of Isfahan University of Medical 

Sciences and the Islamic Azad University of Khorasgan.  

Study Selection Criteria 
The inclusion criteria of this systematic review has covered 

all interventional and/or observational studies on the effect of 

iron products on human and animal teeth focusing on caries, 

color changes and microhardness of tooth in oral 

environment(In-vivo), or in laboratory environments (In-

vitro) that have been published in Persian (local language) or 

English by October 2018 and their abstracts are accessible in 

online databases. 

The studies in the in-vivo subgroup using a non-edible iron 

form with no exposure to the teeth were excluded. Moreover, 

the removed studies included studies that had examined the 

effect of the iron element along with fluoride on teeth or 

pregnant mothers, as well as the impact of iron products 

indirectly on the infants. 

After the initial search and Identifying multiple reports from 

the same study, firstly the title and abstract of the article were 

studied independently by two researchers to remove 

irrelevant reports and the full text of the potentially relevant 

reports was studied afterward. Any disagreement between the 

two researchers was Corresponded with investigators, to 

clarify study eligibility and final decisions on study inclusion 

and proceed to data collection was made. 

Data Extraction & Assessment of Risk of Bias of 
the Studies: 
After the selection of qualified articles, the necessary 

information was extracted separately by the two researchers. 

The recorded data of each study including the name of the 

first author, the year of publication, the type of study, the 

summary of methodology (intervention, sampling method, 

data collection method) and the results were used to prepare 

the Evidence tables. 

To review and criticize the eligible studies, the relevant 

checklist based on the study design was used. To study RCT 

(including Randomized clinical trials and Randomized 

control trials, the checklist submitted in the handbook of the 

Cochrane version (5.1.0)  was used.   The number 1 and 0 were 

given to every low-risk of bias and high-risk of bias cases, 

respectively. The cut point of 5 was put the study in the 

category of low-risk of bias, 3-4 for moderate-risk of bias and 

less than 3 for high-risk of bias. To criticize case-control and 

cohort, the Newcastle-Ottawa checklist [16] was utilized and 
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the borderline between high quality and low quality was 

number 6. CASP checklist was used for cross-sectional 

articles in which scoring agreement between the two 

researchers was as follows: 8 and higher for high quality, 4-7 

for moderate quality and lower than 4 for low quality. 

According to the agreement of the researchers, RCT articles 

with qualitative scores of equal or lower than 1or other 

articles with a score equal to or lower than 2 were supposed 

to be excluded.  

Two authors independently assessed the risk of bias of the 

included articles. Any disagreements between the authors 

were resolved by consensus and/or consultation by a third 

person. the level of agreement between the two review 

authors was evaluated with the Cohen kappa statistic which 

was 86%. 

Due to the heterogenization of the results related to the 

studies, it was not possible to conduct statistical analysis in 

this study.  

The search study is shown in figure 2. 

RESULTS: 

Presenting Results and ‘Summary of findings’ 
Tables: 
The outcome of electronic and manual searches was 2495 

articles through which 2425 unrelated articles were removed 

after studying the title and abstract. After the removal of 21 

duplicated articles out of 70, 49 studied articles remained.  

Three articles, Jokinen MA [17], Muszyńska-Zimna E [18] and 

Lokken P [19] were removed due to their language so just the 

abstracts were studied. Access to the abstract and full text of 

Parkinson CF [20], Lacy AM [21], and Torell P [22] articles was 

not provided. Also, the full article of Xavier AM, Sintes JL 

and Torell P [23-25] were not accessible. 6 other articles were 

eliminated due to inclusion & exclusion criteria’s and finally, 
34 articles were studied qualitatively. 

Outcome 1: tooth decay, In the study of dental caries studies, 

13 studies were conducted in which 10 of them were RCT 

and two of them were case-control studies and one case was 

an interventional study without a control group. The 

randomized controlled trial included 4 in-vitro studies and 6 

in-vivo animal studies performed on hamsters and laboratory 

rats. 

The iron drop has been used as a test product in five studies 

of the interventional studies, out of which four studies were 

in-vitro (two high risks of bias studies and two moderate-risk 

of bias studies) and one study was in-vivo (moderate-risk of 

bias) on the rats. Two case-control studies also investigated 

the relationship between decay and history of iron drop 

intake. In other studies, iron salts compounds had been used. 

In-vivo studies: A study with a low risk of bias supports the 

reduction of decay in laboratory rats by the use of ferrous 

sulfate and sucrose [26]. Three studies with a moderate risk of 

bias support decay reduction in the presence of iron or iron 

drop with sucrose in the diet of laboratory rats [12, 27, 28]. 

However, such a decrease in the decay of rats was not 

observed by adding an iron drop to a non-cariogenic diet [12]. 

Two other studies with a high risk of bias also support the 

reduction in the incidence of decay by iron intake in the diet 

of rats [29, 30]. 

In-vitro studies: The results of two studies with a moderate 

risk of bias suggested that iron drops depending on the brand 

and their compounds along with sucrose, can show cariostatic 

effects themselves or not [7, 31]. 

The result of a high–risk of bias study also indicates a decay 

decrease in the case of an iron drop in addition to the 

cariogenic environment [32]. Another study with the same 

quality stated that adding iron concludes the reduction of 

losing tooth minerals [33]. 

Parfitt's study also indicated that permanent exposure of the 

teeth with more acidic iron drops leads to more damage to the 

teeth surface [6]. 

Two case-control studies with low-quality grade stated that 

the history of iron drop intake had no relationship with the 

prevalence of decay in children between the ages range of 1-

5 years [13, 34]. Results are shown in table 1, 4 ,5 & 10. 

Outcome 2: microhardness, In the field of microhardness, 

eleven kinds of research were studied, some of which used 

cariogenic environments attempting to renovate cariogenic 

conditions by applying a series of acidic environments to 

reconstruct the dental erosion environment. All found RCT 

studies (randomized control trial and randomized clinical 

trial) were randomized among which there were three in-vivo 

studies and the rest were in-vitro. Among them, two studies 

of moderate risk of bias had been conducted using iron drops 

in-vitro and the rest had utilized iron salts. 

Investigating studies in decay simulated condition: Two in-

vivo studies with the low-risk quality specified that in the 

human oral environment, the association of iron with sucrose 

has caused a reduction in the microhardness changes of the 

cows or human enamel blocks [8, 11]. An in-vitro study with a 

moderate-risk of bias showed that changes in microhardness 

decrease by increasing iron concentration along with sucrose 
[35]. Another in-vitro study with the same qualitative grade, 

by adding an iron drop to a cariogenic environment 

demonstrated that iron drop does not lead to reducing 

microhardness changes [36]. 
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Investigating studies in erosion simulated: Four studies with 

a moderate risk of bias declare that adding iron to acidic 

drinks and the presence of iron in the acidic environment 

leads to a decrease in demineralization in the in-vitro [37-39] 

and in-vivo environment in the human mouth [40]. 

An in-vitro study with a moderate risk of bias suggests iron 

in the presence of an acidic drink containing citric acid does 

not have an inhibitory effect on preventing demineralization, 

however, if the acidic drink contains phosphoric acid, such 

effect is expected from iron [41]. 

A study with a moderate risk of bias stated that adding iron 

to acidic drinks increases dental microhardness changes in in-

vitro [42]. Another study with the same degree of quality using 

iron drop suggested exposure of the teeth with an iron drop 

in in-vitro ends up with a decline in dental hardness [43]. 

Results are shown in table 2, 6, 7 & 11. 

Outcome 3: tooth color change: Regarding this outcome, 10 

articles were studied including 1 cross-sectional study and 9 

RCTs out of which there were 6 in-vitro and 3 in-vivo studies. 

In total, 5 in-vitro studies with a moderate risk of bias have 

covered this effect of iron drop. 

In-vivo studies: In the moderate-risk of bias study, the iron 

intake in the form of the tablet did not lead to color change 
[44]. Another moderate risk of bias study considers color 

change as a result of iron intake related to diet [45]. A high risk 

of bias study by sampling dental pigments with graphite 

curette showed that metal ions are not seen in this color 

change [46].  

In-vitro studies: Three moderate-risks of bias studies 

investigating the effect of iron drop stated that the intensity 

of color change as the result of iron drops varies among 

different brands [47]. The dental color change is more severe 

in a cariogenic environment [48]. And iron absorption on the 

tooth surface also increases following the surface etching [49]. 

The combination of the drop containing ferric oxide 

polymaltose and Ferro-fumarate creates less color change 

comparing to any products individually [50]. Another 

moderate risk of bias study declares that an increase in iron 

concentration is related to the increase of dental color change 
[51]. One more moderate-risk of bias study indicated that the 

mean of iron atomic absorption by teeth among different iron 

drops being studied did not have any significant statistical 

difference [52]. 

In a low-quality cross-sectional study, the prevalence of tooth 

discoloration was higher in children with a history of iron 

drop intake [53]. Results are shown in table 3, 8, 9 & 12. 

DISCUSSION:  

The actual review study was devised and conducted 

systematically to determine the effects of various iron 

compounds on the teeth considering the wide available 

variables. Regarding decay, although studies on iron ions and 

iron salts compounds reinforce its cariostatic hypothesis, it is 

not probable to comment definitely on iron drop due to a 

variety of compounds and additives. However, it seems that 

certain iron drops show a cariostatic effect in the presence of 

a cariogenic diet [12, 31]. About the present information, it is 

probably possible to mention that in case a child takes  sugars 

to be used by Cariogenic bacteria, the cariostatic effect could 

be regarded based on iron drop intake (especially the form of 

ferrous sulfate, which has been effective in most researches 

to date). In the field of microhardness, the presence of iron 

along with sucrose has led to a reduction in microhardness 

changes of cows and humans enamel. Furthermore, the 

addition of iron to acidic drinks causes a decrease in 

demineralization in in-vitro [37-39] and in-vivo [40] 

environments. There is still disagreement over the effective 

mechanism of such ion and its various forms, and there is a 

fascinating research field in this regard. Concerning the effect 

of iron in reduction of surface changes (SMH %), it seems 

that enamel in an acidic diet similar to the clinical status of 

erosion (such as studies of Buzalaf [38], Kato [41], Xavier [39], 

etc.), as well as the effect of this ion due to presence of 

cariogenic diet, play a role in the mechanism of iron 

effectiveness, which is an extra process on the effect on 

cariogenic bacteria. To date, to justify this issue, it is said that 

the incubation of Ferro sulfate to enamel leads to the 

deposition of ferric phosphate and the formation of an acid-

resistant layer on the enamel surface [24]. It has been 

recommended to record this ferric phosphate in higher 

microhardness can be explained in two different ways as 

follow: by preventing the exposure of the tooth surface to an 

acidic drink resulting in reduction of the demineralization, or 

the indenter of the microhardness meter is not only in contact 

with apatite crystals, but also it is in contact with ferric 

phosphate ions causing higher microhardness recording [54]. 

Further studies are required regarding this matter in the in-

vivo environment and humans. 

It should be mentioned that the studies conducted on iron 

drops with acidic PH in an in-vitro environment do not apply 

to the in-vivo environment due to the salivary properties of 

oral saliva. 

No article about a low risk of bias in color change was found 

in kinds of literature so the results were not coherent. It 

appears that consuming foods rich in iron (such as eggs, 

vegetables, etc.) results in the growth of certain bacteria that 

cause black pigmentation in the teeth [53]. It has been 

exhibited that the saliva of the children in which black-

pigmentations exist, contains more calcium and phosphate, 

therefore it can increase the buffering properties of the saliva 

and be the cause of a decrease in the prevalence of decay in 

the presence of pigmentation [55, 56]. However, the contrast 
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existing among diet, pigmentation, decay and oral flora has 

not been identified yet. The coloring feature of the iron drop 

is more attributed to the combination of iron with sulfide ions 

as a result of the bacteria activity. The color change varies 

through different iron drop intake which could be related to 

the whole amount of iron available in each drop, the acidity 

and the ability to etch the tooth surface by each drop, any 

individual’s diet, bacterial flora, and so on to justify no sign 
of color change in all consumers. To sum up, the hypothesis 

as follows could be deducted by reviewing in-vitro studies 

that intake of iron drop as well as exposure to the teeth due to 

acid content could lead to a status similar to etching teeth and 

following the increase of prosthetics, iron absorption will be 

enhanced.   

The presence of early decays also has a similar role as 

increasing prosthetics. There is the possibility of an iron 

sulfide compound to be formed in the presence of ion sulfide, 

and in case it reaches a proper concentration, the clinical 

color change could be seen. This sulfide is caused by the 

activity of bacteria. It could be possible that by eliminating 

other bacteria iron leads to the predominance of these sulfide-

producing bacteria. It has been illustrated that iron could have 

an inhibitory and fatal effect on some groups of bacteria with 

an unknown mechanism. It is likely to raise such a hypothesis 

that this mechanism can cause a cariostatic effect of iron and 

predominance of sulfur-producing bacteria and, 

consequently, the possible increase in the creation of dental 

pigmentation. In case of intensification in iron ion 

penetration, for any reason including more prosthetics of 

teeth surface as the result of primitive decay or acidity of an 

iron drop, frequency of intake and so on, it is difficult to 

remove the color. 

In-vivo studies in humans require further study because the 

two studies did not provide the results confirming the above-

mentioned hypotheses: 1) Martinhon's research studying iron 

amount in dental plaque and enamel did not observe any 

increase in the iron amount in enamel  in spite of dental plaque 
[11]. 2) Also, in sampling the Parnas study by the use of 

graphite curette from the black-colored pigment of a tooth, 

no metal ions were seen [46]. 

An example of this study limitations include the lack of 

access to the full text of all articles and English and Persian 

version of certain articles was not available despite consisting 

of invaluable information, therefore it was no possibility to 

use them. 

CONCLUSION: 

The study findings demonstrated that the association of iron 

and iron drop with sucrose causes a reduction in the 

prevalence of decay. However, regarding accompaniment of 

other diets with iron further studies are required, especially in 

the in-vivo environment. The mechanism of cariogenic effect 

of iron has not been proved yet to date. About the effect of 

adding iron to acidic drinks through reducing microhardness 

more in-vivo and in-vitro studies are needed. Following the 

iron drop intake, the color change is expected but it is not 

obvious whether it is merely an independent outcome or it 

has a relation with iron cariostatic mechanism. It is to say that 

the best way to prevent dental color changes is to avoid 

exposing the child’s teeth with the iron drop due to not having 

enough information on unknown complicated mechanism of 

the iron effects. The obvious issue is that the color changes 

are not considered as decay although it is possible some 

initial decays have been provided the basis for the color 

change through the creation of prosthetics. It is maybe 

possible to say the presence of the color change could be as a 

result of decreasing decay activity in the oral cavity; 

however, it is quite an elementary hypothesis which requires 

further research.  

It is suggested to use extensive cohort studies in addition to 

further research on recognizing the mechanisms of iron 

effect, considering the difficulty of controlling and 

simulating the oral environment as well as the multiplicity of 

independent and confounding variables. Moreover, it may be 

possible to reduce the directive target population of the iron 

drop in a country by using other enriching methods. 
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Table 1. Relevant studies to tooth decay 

First author Year Study type 

Mcclure [30] 1948 
In-vivo 

RCT 
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Parfitt [6] 1953 
In-vitro 

Non-random intervention 

Miguel [26] 1996 
In-vivo 

RCT 

Rosalen [28] 1996 
In-vivo 

RCT 

Miguel [27] 1997 
In-vivo 

RCT 

Emilson [29] 1972 
In-vivo 

RCT 

Weiss [33] 1985 
In-vitro 

RCT 

Naderi [34] 2002 Case-control 

Eskandarian [13] 2005 Cross-sectional 

Thakib [7] 2006 
In-vitro 

RCT 

Thakib [31] 2009 
In-vitro 

RCT 

Eshghi [12] 2012 
In-vivo 

RCT 

Esmaeilzadeh [32] 2015 
In-vitro 

RCT 

 

Table 2. relevant studies to dental microhardness 

Author year Study type 

Martinhon [11] 2005 
In-vivo 

RCT 

Pecharki [8] 2005 
In-vivo 

RCT 

Kato [41] 2006 
In-vitro 

RCT 

Sales-Peres [40] 2006 
In-vivo 

RCT 

Buzalaf [38] 2006 
In-vitro 

RCT 

Kato [42] 2007 
In-vitro 

RCT 

Eskandarian [36] 2013 
In-vitro 

RCT 

Karina [37] 2011 
In-vitro 

RCT 

Cláudia [35] 2012 
In-vitro 

RCT 

Pasdar [43] 2015 
In-vitro 

RCT 

Xavier [39] 2015 
In-vitro 

RCT 

 

Table 1. relevant studies to tooth discoloration 

Author year Study type 

Lokken [44] 1979 
In-vivo 

RCT 

Addy [45] 1985 
In-vivo 

RCT 
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Stangel [51] 1996 
In-vitro 

RCT 

Shabzendehdar [49] 2006 
In-vitro 

RCT 

Mehran [48] 2008 
In-vitro 

RCT 

Shojaipour [47] 2009 
In-vitro 

RCT 

Limor parnas [46] 

 
2013 

In-vivo 

RCT 

Garcia Martin [53] 2013 Cross sectional 

Pani  [50] 2015 
In-vitro 

RCT 

Hekmatfar [52] 2018 
In-vitro 

RCT 

 

Table 2. In-Vivo Studies relevant to tooth decay 

First author 
Population 
& sample 

size 

Form(s) of iron 
& intervention 

Control group Follow up Outcome- measurement 

.Mcclure [30] 

Rats 

 

 

Chloride 

citrate 

Diet without iron 

ions 
N.M 

Iron is not only noncariogenic but also 

reduced caries prevalence 

Miguel [26] 
Rats 

N=12 

sucrose containing 

FeSO4 

 

Plain sucrose 3 weeks 

tooth caries 

& 

microbial counts 

Rosalen [28] 
Rats 

N=96 

adding Fe to sucrose 

 
Plain sucrose 

21 

days 
Caries scores & microbial assessment 

Miguel [27] 
Rats 

N=48 

Adding FeSO4, 

& ferric 

glycerophosphate to 

sucrose 

 

Plain sucrose 

 

 

3 weeks 

Dental decay 

dental color change, 

microbial count & 

plaque PH changes 

Emilson [29] 

Hamsters 

N=Approximate

ly 30 

N.M Exactly 

1st: adding FeCl3 to 

water & diet 

2nd: Appling FeCl3 & 

FeSo4 topically on 

rat’s teeth 

3rd: adding FeSo4 to 

water and rat’s diet 
 

A group without 

iron in each 

experiment 

13 weeks 

 

Dental decay; the amount of Strep. 

mutans in biofilm; 

Plaque formation 

Eshghi [12] 
Rats 

N=12 

Cariogenic diet + iron 

supplement 

& 

Noncariogenic diet + 

iron supplement 

Cariogenic & 

Noncariogenic diet 

without iron 

 

4 months 

progression of caries & the depth of the 

lesions in 

the enamel in histologic samples 

 

Table 5. In Vitro studies relevant to tooth decay 

First author 
Population 

& sample size 

Form(s) of iron 

& intervention 
Control group Follow up 

Outcome- 

measurement 

Parfitt [6] 

Extracted sound 

teeth 

N= NM 

5 types of an iron drop with 

different acidity 
N.M A week 

Damage to the teeth 

surface 

(Visual) 
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Weiss [33] 

Extracted sound 

teeth 

N=10 

FeCl3 was used as a 

supplement to acid 

gel, or as pretreatment of 

the enamel surfaces before 

exposure to the pure gel. 

 

Groups without 

using iron salts 
16 weeks 

Differences in light 

transmission of groups 

from the radiographs 

taken before and after 

 

Thakib [7] 

healthy premolar 

teeth 

N=60 

adding iron  to test tubes 

with bacteria & sucrose 

Test tubes with only 

sucrose & bacteria 

29 

days 

Assessment of 

decalcification and 

cavitation 

Thakib [31] 

healthy premolar 

teeth 

N=200 

4 types of iron supplements 

plus strep. mutans 

Positive control  

(without iron)& 

negative control 

(without iron & 

bacteria) 

60 days 

Assessment of 

decalcification and 

cavitation 

Esmaeilzadeh [32] 

Sound extracted 

primary teeth 

N=128 

Adding an iron supplement 

to artificial decay-causing 

environment 

Only artificial decay-

causing environment 

 

60 days 

 

Decalcification 

and its progress 

 

 

Table 3. In vivo studies relevant to tooth microhardness 

First 
author 

Population 
& sample size 

Form(s) of iron 
& intervention 

Control group 
Follow 

up 
Outcome- measurement 

Martinhon 
[11] 

Bovine enamel 

blocks used by 12 

volunteers 

 

Using a solution of ferrous 

sulfate followed by a sucrose 

solution 

 

sucrose solution 

without iron 

pretreatment 

14 days 

the percentage of surface 

microhardness change - ferrous 

sulphate reduced the 

demineralization of enamel block 

Pecharki 
[8] 

Blocks of human 

enamel 

Used by 16 

volunteers 

 

20% (w/v) sucrose plus 18 microg 

Fe/ml, and 20% (w/v) sucrose 

plus 70 microg Fe/ml 

 

1) water; 

2) 20% sucrose 

14 days 

Analyzing biofilms formed on 

the blocks, determining mineral 

loss of enamel- Lower 

demineralization was found in 

the test group 

ales-Peres 
[40] 

Enamel & dentin 

blocks of human 

extracted third molar 

used by 10 volunteers 

 

volunteers immerse appliances in 

cola drink then rinsed with 

Ferrous sulfate solution 

Then one group brushed 

immediately & another one after 

30 minutes 

 

The same 

procedure without 

using an iron 

solution 

5 days 

Changes in surface 

microhardness and wear of 

enamel and dentine - The iron 

solution caused a significant 

reduction on the %SMH in 

enamel and a significant 

reduction on the wear in dentine 

 

Table 7. In Vitro studies relevant to tooth microhardness 

First 
author 

Population 
& sample size 

Form(s) of iron 
& intervention 

Control group Follow up Outcome- measurement 

Melissa [41] 

Enamel powder 

from bovine 

incisor 

 

the carbonated beverage 

containing different 

concentrations 

(1.25, 2.50, 5, 10, 15, 30 and 

60 mmol/l) of FeSo4 

carbonated 

beverage with no 

iron 

centrifuged: 30 s 

supernatant was 

removed at 1 

min 40 s. 

 

The phosphate released in the 

medium - iron can interfere 

with the dissolution of dental 

enamel powder in the presence 

of acidic beverages which 

influence by the type of acid 
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Buzalaf [38] 

 

Powdered enamel 

from bovine 

incisor fragments 

Part1: Enamel powder was 

subjected to acetic acid made 

with increasing concentrations 

for FeSO4_7H2O 

part2: Enamel 

blocks were exposed to a 

sequence of seven plastic vials 

containing acetic acid. Also, 

iron added in in the fourth vial 

 

In part 2: 

In the control 

group, there 

wasn’t iron in 4th 
vial 

- 

phosphate released in the 

medium was analyzed – 

Fe(2+) can be effective on 

inhibition of the dissolution of 

enamel and that this effect 

may be durable. 

Kato [42] 

blocks of bovine 

enamel 

N=48 

Blocks exposed to cycles of 

demineralization in Coke 

containing 10 mmol/L of iron 

then cycles of remineralization 

in 

artificial saliva 

Blocks exposed to 

cycles of 

demineralization 

in Coke 

Without iron and 

then cycles of 

remineralization 

in 

artificial saliva 

4 cycles in each 

process 

% superficial microhardness 

change (SMHC) and wear 

analysis- iron at 10 mmol/L 

significantly reduced the wear 

but significantly enhanced the 

%SMHC of enamel blocks 

submitted to erosion by Coke. 

Eskandarian 
[36] 

Anterior primary 

sound teeth 

N=90 

Teeth divided into 4 groups 

and were placed in a cariogenic 

medium with 4 types of iron 

drop 

1)cariogenic 

medium without 

iron 

2)culture medium 

without S. mutans 

14 days 

Enamel & dentin 

microhardness 

iron supplementation did not 

affect the demineralization of 

tooth structure. 

Karina [37] 

blocks of bovine 

enamel 

N=110 

50 blocks were subjected to 

demineralization 

pH cycling & additional iron 

treatment (FeSO4_7H2O) 

50 blocks with artificially 

demineralized 

lesions subjected to 

remineralization pH cycling & 

additional iron treatment 

Groups with no 

iron treatment in 

demineralization 

& 

remineralization 

cycles 

Demineralization 

cycle = 7 days 

Remineralization 

cycle = 6 days 

surface hardness, fluoride, 

calcium, phosphorus, and iron 

of enamel blocks- iron reduces 

demineralization but does not 

allow remineralization to 

occur. 

Cecília [35] 

blocks of bovine 

enamel 

N=44 

Biofilms on blocks were 

exposed to 

sucrose, and then subjected to 

FeSo4 

(3 different concentration) 

 

NaCl as a 

negative control, 

Chlorhexidine 

(CHX) as a 

positive 

antibacterial 

control; NaF  as a 

positive anticaries 

control 

6 days 

percentage of SH loss (%SHL) 

Biofilm composition 

(viable bacteria, EPS 

formation,)– Iron treatment 

reduced the number 

of viable bacteria formed in 

the biofilm and also reduced 

the enamel’s %SHL 

 

Nilgoon [43] 

Anterior primary 

teeth 

N=40 

Teeth were subjected 

To 4 types of iron drop 

 

N.M 
5 minute in a 

solution 

surface microhardness - In all 

groups, microhardness was 

decreased but it was more in a 

group with the most acidic 

drop. 

 

Xavier [39] 

enamel blocks 

(primary and 

permanent teeth) 

n=180 

beverages supplemented with 

iron (FeSO4.7H2O) 

 

Not adding iron to 

beverages 

3 treatment 

cycles of 5/20 

minute 

incubation 

periods 

calcium and 

phosphate released after each 

cycle, the final SMH - Adding 

iron supplementation to acidic 

beverages is beneficial 

in reducing mineral loss 

 

Table 4. In vivo studies relevant to tooth discoloration 

First author 
Population 

& sample size 
Form(s) of iron 
& intervention 

Control group Follow up Outcome- measurement 
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Lokken [44] 

Young women 

N=19 

Cross-over study 

ferrous fumarate tablets 

(Neo-Fer*) 
placebo 8 weeks 

Plaque formation, 

demineralization, and 

discoloration 

No tendency of 

this oral iron to cause dental 

discolorations 

 

Addy   [45] 5 Adults 

CHX- CHX& tea- CHX 

v Iron- Iron- Iron & tea- 

tea 

Cross-over study 

with 2 days interval 
1 day 

Dental & tongue discoloration- 

tooth discoloration due to iron is 

also related to diet 

Limor [46] 

 

Children 

N=26 

Collecting dental plaque 

from 17 children with 

black stain using 

graphite curette 

And a metal curette for 4 

children with stain 

Collecting dental 

plaque from 15 

children without 

stain with graphite 

curette 

- 
Metallic ions do not seem to be 

the origin of dental black stain 

 

Table 5. In Vitro studies relevant to tooth discoloration 

First author 
Population 

& sample size 
Form(s) of iron 
& intervention 

Control 
group 

Follow up Outcome- measurement 

Stangel [51] 

Extracted human 

teeth 

N=N.M 

 

iron solutions (ferric oxalate-

nitric 

acid solutions, or citric acid-

ferric chloride solution) 

applied to the surface of the 

sample. after rinsing with 

water submersed 

in the sodium-sulfide 

solutions 

Not 

preparation 

with iron 

60 S in iron 

solution 

18 H in NaS 

solution 

it seems that increasing iron 

concentration related to 

discoloration 

XPS detected iron in enamel but 

not in 

dentin, while EDS detected iron in 

both enamel and dentin 

Shabzendehdar 
[49] 

anterior primary 

teeth 

n=60 

Etched enamel 

treated with iron supplements 

Non-etched 

enamel treated 

with iron 

supplements 

- 

There was a difference in the iron 

absorption between iron drops 

The absorption in etched teeth 

increased 

Mehran [48] Primary teeth 

N=93 

2 groups of teeth were 

immersed in artificial caries 

challenge (ACC) before 

exposure to iron drop 

 

2 groups of 

teeth were 

immersed in 

normal saline 

before 

exposure to 

iron drop 

 

- 

Being immersed into the ACC 

caused more iron absorption, 

severe discoloration & structural 

changes in the enamel of primary 

teeth which is more obvious in one 

of the drops than the other 

Shojaipour [47] 

primary incisor 

teeth 

n=60 

teeth in each stage were 

divided into three groups and 

each group was exposed to 

one kind of Iron drop 

- 

2 phase with a 

one-week 

interval 

Although all three Iron drops cause 

stain on primary incisor teeth, there 

is a significant 

difference among them 

Pani  [50] 

primary central 

incisors 

N=40 

G1: ferric oxide polymaltose 

G2: ferrous fumarate 

G3: combination of iron 

compounds 

Only artificial 

saliva 
72H 

combining different forms of iron 

seems to elicit a lower intensity of 

staining 

than equivalent doses of a single 

form of iron. 

Hekmatfar [52] 

anterior primary 

teeth 

N=40 

Teeth divided into 5 groups 

then exposed to 5 kinds of 

iron drop 

 

  

There was no significant difference 

between the mean iron ion 

adsorption, as well as between iron 

ion absorption with pH and TA 

also not found a statistically 

significant relationship. 
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Table 6. other studies relevant to tooth decay 

First author Study type 
Population 

& sample size 
Form(s) of iron 
& intervention 

conclusion 

Naderi [34] Case-control 
children aged 1-4 years 

N=60 
using iron supplements 

There was no significant difference in the mean of 

DMFT between case and control group. 

Eskandarian [13] Cross-

sectional 

children aged 2-5 years 

N=280 
using iron supplements 

There was no significant difference for the mean of 

DMFT between case and control group 

 

Sintes [23] 
No full-text access 

The abstract states that adding iron to the diet leads to a reversal of the process of dental caries and reduces its prevalence 

 

Table 7.other studies relevant to tooth microhardness 

First author Study type 
Population 

& sample size 
Form(s) of iron 
& intervention 

conclusion 

Torell [24] 
No full-text access 

Iron can produce an acid-resistant layer on the enamel surface. 

Xavier [25] 
No full-text access 

Ferrous fumarate had lower demineralization in compare to ferrous sulfate and more decrease in microhardness changes 

 

 

Table 12. other studies relevant to tooth discoloration 

First author Study type 
Population 

& sample size 
Form(s) of iron 
& intervention 

conclusion 

Garcia  [53] Cross-sectional 
3272 children aged 

6 years old 

determine the prevalence of black stain 

and associated risk factors in Spanish 

preschool children 

The regular consumption of foods rich in 

iron and the use of iron supplements 

during pregnancy and early 

childhood could favor the development of 

chromogenic microbiota 
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