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Abstract
Objective: Oral iron drops are recommended for children aged 6-24 months to prevent irondeficiency anemia. However, their use is associated with the potential risk of erosion and
microhardness reduction of primary teeth enamel due to their high acidity. It seems that the
combination of silicone oil, nano-hydroxyapatite and chitosan powder may be able to improve the
microhardness and surface structure of primary teeth enamel. This study sought to assess the effect
of silicone oil plus nano-hydroxyapatite/chitosan on the changed microhardness and surface
structure of primary teeth enamel after exposure to iron drop.
Methods: In this in-vitro study, 30 anterior deciduous teeth were collected and randomly divided
into 3 groups. In the first group, samples were exposed to iron drop for 5min and then treated with
nano-hydroxyapatite/chitosan and silicone oil for 10min. In the second group, specimens were first
treated with the mentioned compound and then exposed to iron drop. Microhardness changes were
compared in each group using Wilcoxon one sample or Sign test and between the two groups using
Mann Whitney U test. The third group specimens were observed with a scanning electron
microscope (SEM) to assess their surface texture and quality.
Results: In the first group, iron drop exposure decreased enamel microhardness by 44% of the
baseline value (p<0.001). Application of the understudy compound after iron drop exposure
significantly increased enamel microhardness by 3% of the baseline value (p=0.006). Use of the
mentioned compound before iron drop exposure significantly increased enamel microhardness by
2% of the baseline value (p=0.023). No statistically significant difference was found between the
two groups (p=0.74).
Conclusion: Iron drop exposure significantly decreased enamel microhardness. Use of silicone oil
and nano-hydroxyapatite/chitosan powder caused 3% and 2% increase in enamel microhardness in
the first and 2nd group, respectively. These values, compared to the effect of iron drop exposure are
clinically significant.
Key words: Dental erosion, Iron drop, Microhardness, Nano-hydroxyapatite/chitosan, Primary teeth
enamel, Silicone oil.
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Introduction:
Iron deficiency anemia is the most common type
of childhood anemia. Iron drops are usually
administered to prevent this condition (1).
Prevention of iron deficiency anemia improves
the capacity of learning and physical, mental and
cognitive growth and development of infants and
in long-term is a profitable investment for the
countries (2). Iron drop contains citrate and has
high acidity (3). Thus, it can cause erosion,
decrease enamel strength and accelerate the
process of caries development (4). Acidic
content of one single dose of a drug may seem
insignificant bit when it is used for weeks to
months, it would be a serious threat to dental
health (5). Limited studies have evaluated the
adverse erosive effects of iron drop on
deciduous teeth enamel.
Primary teeth enamel is thinner than the
permanent teeth enamel. It is more fragile and
softer than the permanent teeth enamel and thus
is more susceptible to fracture. Primary enamel
has higher organic content and lower
microhardness than permanent enamel and the
usual crystalline structure does not exist in the
outermost surface of deciduous teeth enamel (6).
Nano-hydroxyapatite particles have the highest
resemblance to tooth enamel in terms of
physicochemical, mechanical and biological
characteristics and can remineralize the
decalcified areas and repair the defective enamel
(7). Nano-hydroxyapatite particles have been
extensively studied in the recent years due to
their unique remineralizing properties. It has
been proven that they can protect enamel from
demineralization and remineralize it (8-11).
Nano-hydroxyapatite is hydrophilic and has
greater surface area than the conventional
hydroxyapatite crystals. Thus, these crystals
have high wettability and form a thin but strong
layer on enamel surface that bonds to tooth
structure (12).
Chitosan is a biopolymer derived from the
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exoskeleton of crustaceans.
It possesses
antimicrobial, anti-plaque, salivary stimulant and
enamel remineralizing properties (13). It also
has many applications in medicine such as in
wound healing (14), drug release and delivery
systems (15-17), bioactive membranes (18),
implant coating (19), bone tissue engineering
(20, 21), blood vessel repair (22) and nerve
repair (23, 24). Chitosan has bacteriostatic and
bactericidal properties as well (25, 26). It is nontoxic and biodegradable (27, 28) and is also
capable of improving and modifying the nanohydroxyapatite surfaces (29).
Since hydroxyapatite is a favorable bioactive
material and chitosan has optimal flexibility,
together they can create a homogenous
compound with higher strength and adhesion
properties than pure hydroxyapatite (30, 31).
Silicone oil decreases the high surface energy of
inter-crystalline spaces. This is particularly
important in ion delivery into or out of the
enamel especially in primary carious lesions.
Also, if applied to tooth enamel, it decreases
protein adsorption to hydroxyapatite and
decelerates the process of pellicle formation on
the enamel surface (32, 34). This study sought to
assess the effect of nano-hydroxyapatite/chitosan
plus silicone oil on microhardness and surface
structure of primary teeth enamel after exposure
to iron drop.

Methods:
In this in-vitro study, 30 anterior deciduous teeth
(A, B and C) were selected using convenience
sampling. The teeth had no caries, cracks or
hypocalcification and had been extracted less
than 3 months ago for orthodontic purposes,
space shortage or mobility. The teeth were
stored in 0.9% saline solution (Shahid Ghazi
Pharmaceuticals, Tabriz) at room temperature
until the conduction of study. The solution was
refreshed daily. The teeth were not treated with
any disinfectant agent because chemical agents
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can affect enamel microhardness. Nanohydroxyapatite/chitosan powder was produced in
Babol School of Technology, Nano-Research
Center using in situ hybridization method. First,
4g chitosan obtained from Fluka (SigmaAldrich, Munich, Germany) was dissolved in
100 cc water and 2% acetic acid (Merck,
Darmstadt, Germany) and mixed with an electric
mixer for 24h. Next, 100 cc of 2 molar
CaNO3(H2O)4 (Merck, Darmstadt, Germany)
was added. To control the growth of particles,
polyethylene glycol (Merck, Darmstadt,
Germany) was used (solution A). After 4 hours
of high-power mixing, 100cc of 2 molar

diammonium hydrogen phosphate solution
(Merck, Darmstadt, Germany) along with 1g
cetyltrimethyl bromide (Merck, Darmstadt,
Germany) were gradually added to the solution
A. simultaneously, titration was done by adding
sodium hydroxide (Merck, Darmstadt, Germany)
to maintain the pH of the system in the range of
11-12. The final solution was mixed for 24h to
yield a homogenous suspension. The final
product was then filtered by centrifugation at
3000 rpm and converted to a white powder by
freeze-drying at -50°C. Ferrous sulfate iron drop
(Kharazmi Co., Iran) with the following
characteristics was used in this study.

Table 1- Characteristics of the used iron drop
Iron drop

Manufa
cturing
country

Fe (SO4)(H2O)7
125 mg

Iran

pH

TA to
pH 7

PO4
mmol/l

Ca
mmol/l

Floride
Ppm

2.1

2.37

119.87

0.375

0.01

On the buccal surface of teeth, a window
measuring 4x4 mm was marked with a label and
its surrounding area was covered with clear nail
varnish. The label was then removed and the
excessive glue was washed off by distilled
water. This was done to match the test area in
teeth. To increase the adhesion of adhesive
material, the slide surface was sandblasted. The
teeth were then bonded to the microscope slide
using an adhesive agent. The teeth were
mounted in order to be fixed for polishing and
observation under a microscope. To exert the
effect of iron drop, the apices were obstructed by
adhesive wax. Since the intact surface enamel
has higher fluoride content and is more acidresistant than the underlying layers (35), we tried
to minimize the labial surface polishing by using
6000 grit silicon carbide papers under running
water. We minimally polished enamel surfaces
because we wanted to preserve the outermost
enamel surface in order to simulate oral
environment. We only smoothed the surface to
the level that we could symmetrically create
indentation. To simulate clinical setting, the iron

Sweetener

Amount of
effective
material in 1 mg
of drug

Citrate
ppm

Saccharin

25 mg iron ion
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drop used had a temperature of 9°C similar to
the temperature of a refrigerated iron drop. To
dilute the iron drop, artificial saliva was added to
it (1.5 times its volume) and the total volume
was reached to the level where the teeth could be
easily immersed in it. The nano-hydroxyapatite/
chitosan powder and the silicone oil carrier were
experimentally (powder to liquid ratio of 1 to 3)
mixed and prepared in a way that it was
applicable and adhesive to tooth structure. All 30
teeth were immersed in artificial saliva (Kin
Laboratories, Barcelona, Spain) in an incubator
shaker (HeidolphUnimax 1010, Germany) at 37°
for an hour before testing to simulate oral
environment and were then subjected to Vickers
microhardness test using Koopa MH1
microhardness tester (Koopa Pajouhesh, Sari,
Iran). The load was automatically applied by the
indenter to the respective point with a feedback
with 1g precision. In this study, we used 50g
load for 10s to measure the microhardness of
specimens. After load application, by adjusting
the microscope, length of the diagonal left by the
indenter was read and entered the control device
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to calculate hardness. For each specimen,
hardness, length of the diagonal left by the
indenter and penetration depth were recorded.
Microhardness was calculated for each sample
based on the distance of 3 indentations on the
smooth surface on each tooth and the mean of 3

Primary hardness
testing

values was calculated and reported in VHN.
Teeth with 239-478 HV (hardness Vickers) were
selected. The excluded teeth were replaced with
teeth with the same range of microhardness. Of
30 teeth, 20 were randomly selected and divided
into 2 groups.

1

Iron Drop

Hardness
testing

Nano-hydroxyapatite
& silicone oil

Hardness
testing

2

Nano-hydroxyapatite
& silicone oil

Hardness
testing

Iron Drop

Hardness
testing

3
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Qualitative study

Diagram 1- Classification of samples and the 2 understudy methods

In group 1, the teeth were immersed in iron drop
for
5min
in
an
incubator
shaker
(HeidolphUnimax 1010, Schwabach, Germany),
rinsed with distilled water and subjected to
microhardness
testing.
Next,
nanohydroxyapatite/chitosan plus silicone oil was
applied to tooth surface with an applicator and
the teeth were subjected to microhardness testing
again.
In group 2, nano-hydroxyapatite/chitosan plus
silicone oil was applied to tooth surfaces with an
applicator for 10 min and then the teeth were
subjected to hardness testing. Specimens were
then immersed in iron drop solution for 5 min
and underwent microhardness testing again.
Microhardness was measured by an operator
blinded to the group allocation of specimens.
The remaining 10 teeth were used to
qualitatively assess enamel surfaces at different
phases. Of the mentioned 10 teeth, 2 remained
intact and 2 after application of iron drop, 2 after
application of nano-hydroxyapatite/chitosan
+silicone oil and then iron drop and 2 after
application of iron drop followed by the
mentioned compound were prepared as
described earlier and sent to the laboratory for

SEM analysis. Two specimens were allocated
for SEM analysis at each step so that the second
specimen could be used if the SEM image of the
first one could not be obtained successfully. In
the lab, the teeth were vacuumed, dehydrated,
gold coated (Baltec, Switzerland) and subjected
to SEM analysis (SEMKYKY-EM3200-2011,
Beijing, China).
SPSS version 15 software was used for data
analysis. Microhardness changes were evaluated
in each group using Wilcoxon one sample or
sign test and between groups using Mann
Whitney U test. p<0.05 was considered
statistically significant.

Results:
In the first group, after 5 min of exposure to iron
drop, the tooth surface was treated with nanohydroxyapatite/chitosan plus silicone oil for
10min while in the second group, the teeth were
first treated with the mentioned compound and
then exposed to iron drop.
Method one:
Exposure to Kharazmi iron drop decreased the
baseline microhardness of deciduous teeth by
44%. The mean enamel microhardness
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decreased from 351(55.94) to 195 (64.16). The
amount of change was 155.29 (22).89 which was
statistically significant (p<0.001).
Use of the understudy product after iron drop
exposure increased enamel microhardness by
3% of the baseline value. The mean
microhardness increased from 195 (64.16) to
207 (61.07). The mean amount of change was
11.50 (10.22) and this change was statistically
significant (p=0.006).

Iron Drop
Compound

Iron Drop

Figure 1- SEM image of enamel surface shows
enamel porosities caused by the dissolution of
enamel crystals after exposure to iron drop

Microhardness

Compound
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2nd intervention 1st intervention baseline hardness

Diagram 1- Comparison of change in
microhardness of enamel between the two
methods

Method two:
Use of the understudy compound before iron
drop exposure increased enamel microhardness
by 2% of the baseline value. The mean enamel
microhardness increased from 337 (60.68) to
344 (57.27). The amount of increase was 6.80
(7.88); which was statistically significant
(p=0.023). Exposure to Kharazmi iron drop after
the use of mentioned compound decreased the
baseline microhardness of enamel by 40% of the
baseline value. The mean microhardness
decreased from 344 (57.27) to 203 (55.81). The
amount of reduction was 141.50 (12.86); which
was statistically significant (p<0.001).
Comparison of the two methods:
The difference between the effects of two
methods on enamel microhardness was not
significant (p=0.74).

Figure 2- SEM image of enamel surface after
treatment with nano-hydroxyapatite/chitosan+
silicone oil following iron drop exposure: the
porosities are covered with the compound

Figure 3- SEM image of enamel surface after
treatment with nano-hydroxyapatite/chitosan+
silicone oil and subsequent exposure to iron drop:
the understudy material prevented the destructive
effects of iron drop to some extent

Discussion:
Exposure to iron drop significantly decreases
enamel
microhardness.
Use
of
nanohydroxyapatite/chitosan powder plus silicone oil
improved enamel microhardness by 3% and 2%
in the first and second groups, respectively.
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These amounts are clinically significant.
Limited studies have evaluated the potential
effects of iron drop on deciduous teeth enamel
(36-38). James and Parfitt in 1953 confirmed the
potentially erosive effects of iron drops (both
Iranian and foreign made). They demonstrated
that the erosive potential of Kharazmi iron drop
was greater than that of Ironorm iron drop (3).
In our study, exposure to iron drop decreased the
deciduous teeth enamel microhardness. The
amount of reduction in microhardness in our
study was similar to that in James and Parfitt’s
study (1953). This similarity may be explained
by the similar exposure time of teeth to iron
drop; which was 5 min in both studies (3). The
pH of iron drop in our study was 2.1; which is
below the critical pH of enamel. As observed in
SEM images, extensive destruction of enamel
crystalline structure due to exposure to iron drop
indicates the erosive nature of acid in its
composition. However, duration and method of
exposure to iron drop require further
investigations. In order to simulate oral
environment of a child, the teeth should be
exposed to iron drop repeatedly with shorter
durations over a longer time period. In this
study, iron drop was diluted with artificial saliva
to simulate clinical setting. However, it should
be noted that the erosive capacity of acidic
beverages is not due to their low pH alone and is
greatly influenced by their mineral content,
buffering capacity and decalcifying properties
(39). Lussi and Jaeggi in 2006 stated that yogurt
with a pH of 1.4 has no erosive capacity because
of its high calcium and phosphate content (40).
Kharazmi iron drop has very low calcium and
phosphate content and a very low pH as well.
Thus, it has a high destructive power.
Drinking method of acidic beverages also plays
a role in pH drop and increased
demineralization. The faster a liquid is washed
off the mouth the lower its destructive effects
(41).
Previous studies have confirmed that size of
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calcium phosphate crystals plays an important
role in hard tissue formation and has a
significant effect on its solubility and
biocompatibility (42, 43). Well-sized nanohydroxyapatite particles in comparison with
conventional hydroxyapatite crystals (with
hundreds of nm length) have greater potential to
remineralize primary erosive enamel lesions
(10). The size of nano-hydroxyapatite crystals in
our study was in the range of 42-200 nm (44).
PH of the environment also affects the
physicochemical characteristics of nanohydroxyapatite particles (45). Studies have
reported that in pH of less than 7, the
remineralizing effects of nano-hydroxyapatite
particles significantly increased. Due to several
reasons, in more acidic environments, nanohydroxyapatite particles are more capable of
remineralizing the tooth surface (46). Some of
these reasons are as follows:
1. Acidic environments increase the solubility
of nano-hydroxyapatite particles. Thus, the
nano-hydroxyapatite solution is saturated
and better deposited on the demineralized
areas (46).
2. The electrostatic force between the nanohydroxyapatite particles and the tooth
enamel
is
decreased
and
nanohydroxyapatite particles better deposit on
tooth enamel (47-49).
3. Under
these
circumstances,
higher
concentrations of calcium and phosphate are
released and remineralize the demineralized
areas. Furthermore, in acidic solutions,
mineral ions have higher penetration
compared to a neutral remineralizing
solution (50).
Chitosan functions better in the acidic
environments as well because the chitosan
amino groups absorb the hydrogen ions and
become positively charged and capable of
adhering to surfaces with a negative charge such
as the tooth enamel, soft tissue and cell
membrane (51, 52). Thus, it seems that nano-
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hydroxyapatite/chitosan powder plus silicone oil
would be more effective if applied after
exposure to iron drop due to the presence of
acidic environment. However, our study did not
yield such result.
Similar studies have shown that nanohydroxyapatite has remineralizing properties
when used in mouth rinses, toothpastes and
chewing gums. However, in all of these studies,
nano-hydroxyapatite was combined with another
compound with a possible synergistic effect. For
instance, Huang in his study in 2009 used
fluoride combined with nano-hydroxyapatite (7).
In our study, nano-hydroxyapatite plus silicone
oil was prepared in different ratios and
experimentally
examined
to
obtain
a
concentration that could be adhered to tooth
surface. Eventually, 3 to 1 volume ratio was
selected for application on the tooth surface.
However, further investigations are required in
this respect.
In our study, enamel microhardness increased by
3% when the mentioned compound was applied
after exposure to iron drop. This amount was 2%
when the mentioned compound was used before
iron drop exposure. These rates were higher than
the rate reported by Haghgoo et al. in 2011.
They used pure nano-hydroxyapatite and
reported a 1.5% increase in enamel
microhardness. Since the study conditions were
similar, this difference may be attributed to the
presence of chitosan and its effective role in
remineralization (53).
Researchers have reported different time periods
for the application of this material (7, 31, 54-56).
It has been shown that 10 min time had no
significant difference with longer time periods in
terms of the effectiveness of nanohydroxyapatite for enamel remineralization.
Roveri et al. in 2008 and Haghgoo et al. in 2011
also used 10min time in their studies (9, 53).
Thus, we selected 10 min time period to
simulate clinical setting. We assumed that most
patients would be able to hold this product for

10 min in their mouth.
In previous studies on the effect of chitosan on
enamel remineralization alone, amongst 30, 60
and 90s exposure times, 60s exposure time had
the highest efficacy for remineralization (57).
Overall, it should be noted that in the process of
erosion, the teeth are subjected to strong acidic
attacks and thus, demineralization due to acid
attack is much greater than that in the process of
caries
development.
It
means
that
remineralization mechanisms in erosion may not
be as effective as in caries development (58).
Based on the obtained results, nanohydroxyapatite/chitosan powder plus silicone oil
had small remineralizing effect on deciduous
teeth enamel when used before or after iron drop
exposure and the erosive potential of iron drop
was much greater than the remineralizing effect
of the understudy compound.
To obtain more reliable results, in-vivo studies
should be carried out. Furthermore, since
chitosan was also incorporated into the
understudy compound, further studies are
required to determine the best duration of usage
for the best possible results.

Conclusion:
Exposure to iron drop significantly decreased
enamel microhardness. Application of nanohydroxyapatite/chitosan powder plus silicone oil
increased enamel microhardness by 3% and 2%
in the first and second groups, respectively.
Compared to enamel microhardness reduction
due to exposure to iron drop, these amounts are
clinically significant.
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