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ABSTRACT

Background: chicken eggshell mainly comprises of calcium and phosphorous along with other minerals as trace elements, so it has
been considered as a natural source of calcium for enamel remineralization.

Aim of the study: Test and compare the efficacy of two various application intervals of chicken eggshell powder (CESP) solution on
the microhardness of artificial erosion like lesion of enamel, compared with sodium fluoride and de-ionized.

Materials and Methods: twenty sound permanent upper first premolars were used. Samples were distributed randomly as three
study and one control groups, each one comprised of five teeth. Then all samples were subjected to demineralization by soft cola
drink. The study groups are: Group A: untreated (demineralization followed by immersion in deionized water ,as control), Group B:
demineralization followed by immersion in CESP solution for 7 consecutive day , Group C: demineralization followed by immersion
in CESP solution 30 minutes twice daily for 7 days, Group D : demineralization followed by immersion in 0.05% sodium fluoride
(NaF) solution 4 minutes daily for 7 days. Vickers microhardness test were performed before and after demineralization with coca
cola drink and following treatment with the selected agent for pre-determined time intervals.

Results: There was a significant reduction in microhardness of all samples after demineralization. For groups B, C and D, a
significant increase in microhardness (P < 0.05) following treatment with therapeutic solutions. Group B was statistically higher
than other groups (54.13%, P= 0.001), followed by group C (44.52%, P=0.001) which was significantly higher than group D and A.

Conclusion: According to the results of the current study, eggshell has a remineralizing potential against initial enamel erosion.
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INTRODUCTION

At recent years dental practice shifts towards
focusing on minimally invasive dentistry which
follow a more conservative techniques that
mainly emphasize on caries detection at initial
stage, remineralization of dental surfaces and
maintenance of tooth structure surrounding the
lesion [1]. Beside dental caries, dental erosion
become threatening problem affecting nearly all
ages at many developing countries [2].

Dental Erosion is a chemical process affecting

either extrinsic or intrinsic origins that result in
dissolution of the tooth minerals. Most frequent
extrinsic agents are carbonated drinks, acidic
food, and repeated exposure to environmental
acids. Intrinsic source of erosion is primarily
associated with gastro esophageal reflux
and vomiting in which gastric acid reaches
the oral cavity [3]. Even though, teeth are
subjected continuously to demineralization
and remineralization cycles, this equilibrium
can certainly be disturbed because of frequent
consumption of low pH beverage; for instance,
acidic drinks, juices and wines which produced
tooth minerals dissolution followed by damage
of tooth structure. This critical process leads to
irreversible loss of dental substance, so teeth
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susceptibility to abrasion increases and may
as well causes wear of dental tissues, tooth
sensitivity and in advance cases pulpal exposure
[4].

Topical fluoride application is one of preventive
techniques in the management of teeth erosion,

its effectiveness as anti-erosive agent has been
proved by previous studies [5,6].

sodium fluoride is one of fluoride compound that
has anti-caries and anti-erosion effects. Fluoride
application results in calcium fluoride (CaF2)
layer formation on the enamel surface, which
has the function of being a fluoride reservoir
[7]. When pH in the oral cavity decreases, CaF2-
deposits at first release fluoride ions which
later integrated with tooth minerals forming
fluoroapatite or fluorohydroxyapatite, leading
to reduction in tooth vulnerability to additional
dissolution [8]. Additional mechanism for
anti-erosion is the CaF2-layer may act as a
mechanical barrier hindering acids contact with
the underlying enamel [9].

CESP has considered to be an important natural
source of calcium that can be used in different
fields. It comprises of calcium carbonate, calcium
phosphate, magnesium carbonate, and organic
matter in percentage of 94%, 1%, 1% and 4%
respectively [10]. CESP has tremendous anti-
rachitic properties as demonstrated in animals
and humans’ studies. Furthermore, it decreases
pain, bone resorption and rises bone density in
female after menopause and in osteoporosis,
thus it is appropriate in the management of
osteoporosis [11,12]. Researchers had used
eggshell for synthesis of hydroxyapatite with
good properties [13,14].

CESP was used for production of bio-preparation
known as Biomin H which is considered
as a natural, rich calcium source. Studies
demonstrated that Biomin H had positively
affected the health of bone and cartilage and is
appropriate for prevention and management of
osteoporosis [12].

Eggshell was also used in treatment of
maxillofacial defect as a substitute to bone graft
and the results of these studied had shown
that it is a biocompatible and effective in bone
regeneration [14].

CESP was as well evaluated for remineralization
of initial enamel caries lesion and erosive

enamel lesion and the results demonstrated its
remineralizing potential [15-19].

No previous study has evaluated different
application intervals of CESP solution against
dental erosion, so this study was aimed to
compare the effectiveness of two various
application intervals of CESP to that of sodium
fluoride for remineralizing an intial enamel
erosion in permanent teeth.

MATERIALS AND METHODS

CESP solution preparation

CESP had prepared according to the calcination
protocol (WO0/2004/105912: Method of
Producing eggshell powder). Calcium carbonate
presented in 95% is converted into calcium oxide
owing to calcination, this in turn be responsible
for increasing alkalinity [20]. Twenty chicken
eggs were used. After washing with de-ionized
water, these were left in boiled water for ten
minutes to assist in membranes removal. The
eggshells were then grinded into small particles
with sterile mortar and pestle. The small particles
gained were kept in an ofen (Combilabor CL-V,
Heraus Hanau, Japan) at 1000°C for 90 minutes
to be sure that the obtained powder is free of
pathogen. The CESP solution was prepared by
dissolving a gram of CESP in 20ml of de-ionized
water containing acetic acid in 4%. The fluid at
the top of the graduated cylinder was taken and
used in this study. The solution pH was measured
by a digital pH meter Consort, Belgium) and
found to be 11.8.

Sample preparation

Twenty maxillary first premolars extracted for
orthodontic purpose were cleaned, polished
with conventional low speed hand piece and
non-fluoridated pumice, then washed with de-
ionized water and wiped with acetone to insure
a thorough removal of pumice remnants. Any
tooth with crack or enamel defect were excluded,
after that they were kept in a plastic screwed
container filled with de-ionized water, 0.1%
thymol crystals were added for the purpose of
inhibiting bacterial growth. Samples stored at
room temperature until use.

Enamel surface preparation

A circular area (6 mm in diameter) was drawn
in the middle of the buccal surface of each tooth.
An adhesive tape circle of the same diameter was
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then placed on the circular area, subsequently
each tooth was coated with a nail varnish, and the
tape was removed exposing a circular area on the
buccal surface; (Figure 1). Teeth were adjusted in
an acrylic mold by means of red wax. Finally, the
circular area of each tooth was polished 10 times
in single direction with grit paper (number 400)
that was positioned in manual device shown in
figure 2. This technique performed to produce
a flat tooth surface designed for microhardness
measurement [21].

Demineralization procedure

A carbonated beverage (Pepsi Cola, Baghdad)
was selected for induction of initial enamel
erosion. The pH of the beverage was 2.1
measured at 20°C. The teeth were immersed
individually in six milliliters of Pepsi cola for two
minutes at room temperature. Four sequential
cycles were performed at 6 hours interval, in
between the cycles the samples were rinsed with
de-ionized water and stored in containers filled
with de-ionized water [22].

Sample grouping

Teeth samples were distributed randomly to
four groups:

Figure 1: Preparation of a circular area on buccal surface of
macxillary first permanent premolar.

Figure 2: Special manual device.

Group A: untreated (demineralization followed
by immersion in deionized water, as control)

Group B: demineralization followed by
immersion in CESP solution for 7 consecutive
days

Group C: demineralization followed by
immersion in CESP solution 30 minutes twice
daily for 7 days

Group D: demineralization followed by
immersion in 0.05% NaF solution 4 minutes
daily for 7 days

Vickers microhardness device was used for
enamel microhardness measurement. The
measurement was done primarily for normal
enamel and following initiation of dental
erosion. Subsequently, teeth were treated with a
certain agent solution by immersing each sample
individually in 20 ml of the chosen solution
prepared daily for pre-determined period, then;
teeth were washed individually with de-ionized
water for 2 minutes and kept in de-ionized water
at room temperature for the next day. This
process was daily repeated for 7 days, and finally
teeth were subjected to a third microhardness
measurement.

Surface microhardness assessment

The measurement was accomplished with digital
Vickers micro hardness tester in the Metal
testing laboratory, Department of Production
Engineering and Metallurgy, University of
Technology. The used load was 500 grams for
a period of 30 seconds. For each sample, three
records were taken, and the mean of records
was calculated. Vickers microhardness test was
done using optical microscope and the used
magnification was X50. The device has a square
tipped diamond indenter. The included angle
between the opposed faces was 136°.

Statistical analysis

The data was analyzed using SPSS version 25.
Analysis of Variance (ANOVA) was used to
compare the mean of enamel microhardness
between the four groups. To confirm the
differences occurred between groups, post
hoc analysis (LSD) was used. Paired t-test
had been used for comparing the mean of
enamel microhardness at baseline, following
demineralization and after remineralization.
A level of P - value less than 0.05 had been
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RESULTS

Table 1 demonstrated the comparison between
study groups by baseline enamel microhardness
of teeth, no statistically significant difference
(P=0.23) in enamel microhardness was found
between study groups. The mean and SD for all
samples at this stage was (382.55 * 29.2). After
demineralization there is a significant reduction
inenamel microhardnessforall groups (P=0.001)
and the meanwas measuredtobe (222.51+13.6).
Following treatment, a significant increase in the
microhardness for groups B, C and D (P<0.05)
while for group A, no statistically significant
difference (P=0.306) in enamel microhardness
compared to that following demineralization
(Table2). Table 3 shows the comparison between
study groups in percentage of change in enamel
microhardness after remineralization compared
to demineralization. It was obvious that this
percentage of change in enamel microhardness

was significantly higher in group B than in other
groups (54.13%, P= 0.001). Post hoc analysis
(LSD) was done to confirm the variances
occurred between groups and showed that the
percentage of change in enamel microhardness
was significantly higher in group B than that
in all other groups. Also, it was significantly
higher in group C than that in groups (A and D),
significantly higher in group D than that in group
A as shown in table 4.

DISCUSSION

Although dental erosion is a preventable disease,
it remains common and is still a public health
problem. Hence, there is a continuous need to
prevent the occurrence of dental erosion and
search for additional techniques intended for
disease prevention, or new means for enhancing
the existing preventive programs.

Table 1: Comparison between study groups by baseline enamel microhardness.

Study group Baseline enamel microhardness P-Value
Mean £ SD Lower Bound Upper Bound
A 375.26 £ 29.0 338.15 409.1 0.23
B 407.82+13.3 392.45 428.55
C 378.48+15.1 397.18 359.85
D 368.67 +48.9 297 428.55

Table 2: Comparison in enamel microhardness after remineralization with that following demineralization in each study group.

Study group Enamel microhardness P - Value
After demineralization After remineralization
Mean * SD Mean + SD
Group A 223.68+11.6 2245+12.9 0.306
Group B 22735125 349.77 6.7 0.001
Group C 209.38+8.4 302.14+4.3 0.001
Group D 229.63+9.2 280.55+ 8.0 0.001

Table 3: Comparison between study groups in percentage of change in enamel microhardness after remineralization with that following

demineralization.
Study Group Percentage of change in enamel microhardness after remineralization compared to demineralization (%) P - Value
Mean £ SD Range
A 0.34+0.7 -05-1.29 0.001
B 54.13+6.9 46.41 - 60.66
C 4452 +7.2 35.81-51.79
D 223+53 17.37-31.17

Table 4: Post hoc tests (LSD) to confirm the differences occurred between groups after remineralization compared to demineralization stage.

Study group
A B C D P-Value
Mean * SD Mean * SD Mean * SD Mean * SD
0.34+0.7 54.13+6.9 - - 0.001
0.34+0.7 - 4452 +7.2 - 0.001
0.34+0.7 - - 223+53 0.001
- 54.13+6.9 4452 +7.2 - 0.043
- 54.13+6.9 - 223+53 0.001
- - 4452 +7.2 223+53 0.001
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Eggs shell is a non-palatable material, commonly
discarded as a waste product. Recently, its usage
in different fields has been extensively studied
[11,12]. Owing to its higher calcium constituent,
it has been used as human dietary calcium
supplement particularly for aged poupulations
and women after menopause [11]. The bio-
availablility of calcium in higher concentration
ensures CESP role in enamel remineralization
when its applied topically [16]. The purpose
of calcination process of CESP is to increase its
alkalinity and eliminate pathogens. Additionally,
the acetic acid (4%) confirmed that the prepared
solution is nearly pathogens free [20]. PH of CESP
solution was measured to be 11.8, this higher pH
is encouraging for the improved ionic activity
of hydroxyl and phosphate ions. Accordingly,
enamel remineralization is enhanced by the
availability of these ions. If the therapeutic
solution has low PH, the H+ ions will combine
with the presented anions, hence the availability
of these ions for remineralization are reduced
[16].

Sodium fluoride can reinforce and strengthen
enamel. The effectiveness of different fluoride
formulations in prevention of erosive lesion has
been revealed in some studies [5,6].

In this in vitro study, the anti-erosive effects of
CESP solution on permanent teeth were studied.
Moreover, the effect of CESP was compared to
a commonly used sodium fluoride solution by
using micro hardness tester. Additionally, for the
reason of being most frequently consumed, Pepsi
cola was selected as a demineralizing solution to
stimulate surface erosion. Besides, to lessen the
buffering action created by ionic dis-solution
of tooth surfaces the carbonated beverage was
replaced for every 2 minutes immersion [23].

Enamel subsurface has less minerals than
enamel surface. So, polished tooth samples
were used to reduce the natural difference of
enamel surface among the samples that may
react in a different way to acidic dissolution
[24]. A primary manifestation of dental erosion
is enamel softening that can be measured with
either Knoop or Vickers indenter. In the current
study Vickers micro hardness tester was used.
The results of the current study suggested a
significant difference in enamel microhardness
values between the four different groups after
treatment with the selected solutions.

There was a significant reduction in enamel
microhardness following demineralization with
Pepsi colain all groups as an indication of enamel
demineralization and initiation of erosive lesion.
The results of this study revealed that the two
treatments provided to Group B, C, and D
could increase enamel hardness as compare to
specimens in Group A receiving no treatment
after demineral-ization in the permanent teeth.

After treatment of enamel samples with CESP in
group B and C, a statistically significant increase
inmicrohardnessvalues was found. Thisrevealed
the incorporation of calcium and phosphorus
ions which repaired surface defect and increased
microhardness of enamel surface. The calcium
ions are the major component of apatite crystals
so upon this element incorporation in the outer
enamel surface the values of the microhardness
elevated. This result agrees with (Feroz et al.)
which revealed that CESP can significantly
increases the microhardness as well as calcium
and phosphorous level of all treated tooth
samples. In addition to erosive demineralization
prevention, CESP likewise can remineralize the
initial enamel carious lesion [18].

Group B showed a statistically significant
difference and the highest enamel microhardness
(54.13%) followed by group C (44.52%), so this
revealed a continuous increase in microhardness
value with increasing time intervals. However,
group C showed an efficacy for remineralization
of induced erosive enamel lesion as compared
with group A(control group) and group D, so
it appeared that lesser time interval could also
increase the microhardness value and had a
remineralizing effect. No previous study tested
different application intervals is available to
compare with.

Group D showed an increase in enamel
microhardness which is statistically significant
in comparison to group A but lesser than that
provided by CESP in other groups. This result is
in agreement with (Wiegand etal.) [9] and (Feroz
etal.) [18] according to which fluoride was found
to have a protective effect on tooth enamel, but it
cannot absolutely inhibit the demineralization
process. Even though remineralization occurred,
none of the used solutions was capable of
increasing enamel microhardness to the primary
values. This may possibly be owing to the period
of application used in this study. Samples were
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treated for different intervals in one-week
period. Using more treatment time may increase
the microhardness values; but this may require
to be investigated by other studies.

CONCLUSION

The effectiveness of CESP in remineralizing
erosiveenamellesionswasshowedbystatistically
significant increase in the microhardness of
groups treated with it. Although microhardness
value increased with increasing the period of
immersionin CESP solution, thelesserimmersion
time used could also produce a significant
increase in microhardness as compared to
control group and group treated with NaF. CESP
with its natural and economic availability has a
promising future in prevention and treatment
of dental erosion. However, there is a need for
more clinical studies to prove its remineralizing
potential in vivo and to recommend its addition
to commercial dental products.
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