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Evaluation of the remineralizing
effect of the chicken eggshell paste
after removal of the fixed orthodontic
appliance: An in vitro study

Mahmoud M. Fathy Abo-Elmahasen’, Adel M. Shaaban?, Mohamed Elsaharty?,
Ahmed A. S. Mohamed*, Mohamed I. Assadawy® and Ibrahim Sabry El Sayed®

Abstract

BACKGROUND: Demineralization of the enamel surface, which appears as white spot lesions
during and after removal of the fixed orthodontic appliance, is the most common disadvantage of the
orthodontic treatment course. Using the remineralizing agents during and after orthodontic treatment
helps to avoid those enamel defects.

OBJECTIVE: The present study aims to assess the remineralizing effect of the chicken eggshell
powder on the demineralized enamel surfaces after debonding the orthodontic bracket system.
MATERIALS AND METHODS: The current study was performed on 80 prepared premolar crowns
embedded into acrylic molds. The samples were prepared to receive routine steps of the bonding
process for the bracket system. The paste of the chicken eggshell powder was added to the samples
after the debonding process. Scanning electron microscopy (SEM) and energy-dispersive X-ray (EDX)
were used to evaluate the remineralization effect of the chicken eggshell powder. Also, the Vickers
microhardness tester was used to assess the enamel surface microhardness.

RESULTS: It was found that the mean value of the Ca/P ratio for the samples before bonding of
the orthodontic bracket system was (4.17 + 2.2). This value significantly decreased to (2 + 1.3) after
debonding of the orthodontic bracket system and then showed a significant increase to (4.79 + 2.65)
after remineralization. These results were assured by the values of the Vickers microhardness tester.
CONCLUSION: The chicken eggshell powder has an excellent remineralization effect for the
demineralized enamel surface after debonding the orthodontic enamel surface.
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have at least one to two teeth affected by
the demineralized enamel surface.l'*! The
demineralized part of the tooth surface
ranges from 5% to 85% of the total enamel
surface.[**!

Introduction

One of the most common drawbacks that
can interfere with the esthetic objective
of orthodontics and appear during and after
the completion of orthodontic treatment is
white spot lesions that present as a result
of demineralization of the enamel surface.
About one-third of orthodontic patients

Mechanics and the components of fixed
orthodontic appliances can directly affect
the prevalence of white spot lesions as
they help in more retention of food debris
and plaque bacteria on the tooth surface,
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s0 it is recommended to remove any composite excess
surrounding orthodontic attachments; also, the method
of ligation of the orthodontic archwire is critical; use of
a ligature wire is preferable than elastic rings./”*!

The best approach for the prevention of white spot
lesions during orthodontic treatment is to carry out good
oral hygiene measurements. Occasionally, the occurrence
of partial enamel demineralization during orthodontic
treatment, even after treatment completion, is self-treated
by a normal remineralization process depending on
the mineral contents of saliva, mainly hydroxyapatite
crystals.[1011

Different approaches for treating the white spot lesions
after orthodontic treatment use different remineralizing
agents such as fluoride, casein phosphopeptides, and
amorphous calcium phosphate (CPP-ACP).>™I The
advantages of these remineralizing agents are as follows:
they have high power of the remineralizing effect and
are easy to be prepared. Their disadvantages are as
follows: they are not natural sources for calcium; also,
some previous studies were against using high doses
of remineralizing agents as fluoride because it leads
to the arrest of physiological demineralization and
remineralization processes by saliva and advocates using
low doses through using different mouth rinses.">#!

The chicken eggshell powder is one of the greatest
and richest natural sources of calcium and phosphate
elements as it is mainly composed of 95% calcium
carbonate; it also contains other minerals such as
phosphate, magnesium, fluoride, and strontium.2!

Surface hardness is a mechanical property of a tooth, and
it is related to the mineral content of the dental tissue.
It represents the resistance to penetration, indentation,
and scratching. Surface hardness is related to enamel
demineralization, affecting the resistance to surface
invasion through mineral content and micro-integrity.
Enamel microhardness is an indirect indicator of enamel
calcium and phosphate contents.[?%!

For the evaluation of an anisotropic material such as the
tooth enamel, the Vickers microhardness tester is more
suitable than the Knoop indenter device, which requires
a perfectly smooth surface.” The enamel is organized
into prisms, and this orientation determines anisotropic
performance and affects the surface microhardness.*!

Due to the excellent calcium contents of chicken eggshell
powder, it has been used in different medical fields
as a remineralizing agent, treatment of osteoporosis,
and remineralization of the carious dental enamel and
dentin, and it can be used as a bone graft material and
a bio-ceramic material.”**l So, the aim of the current

2

study is to assess the remineralizing effect of the
chicken eggshell powder on the demineralized enamel
surfaces, white spot lesions that present after debonding
of the orthodontic bracket system, and completion of
orthodontic treatment.

Materials and Methods

Sample size calculation

The sample size was calculated depending on the
effective size derived from previous literature.’ A
sample size of 80 has a 95% confidence interval (CI) and
an 80% power to determine a mean difference of 10.48
with an alpha level of 0.05 (two-tailed). So, the current
study applied to 80 extracted teeth.

Sample selection

A total number of 80 freshly extracted premolar
teeth for the purpose of orthodontic treatment were
used in the current study. The teeth were collected
using the following inclusion criteria: intact teeth free
from cracks, caries, fluorosis, fractures, fillings, and
demineralization with no root canal treatments. These
criteria were determined by visual inspection using a
stereomicroscope (Leica EZ4HD, Leica Microsystems,
Switzerland) before and after disinfection.

Sample preparation

The samples are prepared at the National Research
Centre in Cairo. The extracted teeth were disinfected
by immersion in a 0.1% thymol solution for 24 hours.
This was followed by putting them deionized water to
clean them. Any traces of soft tissue or deposits were
removed with a sharp hand scaler. Teeth were gently
brushed with a soft toothbrush (Sensodyne Advanced
Repair and Protect, GlaxoSmithKline, UK) and finally
rinsed with deionized water.

The root of each tooth was removed using Isomet
Saw (Buehler, Lake Bluff, IL, USA) under water cooling.
Then, the crown was sectioned mesiodistally to obtain
a test specimen with a 3 mm thickness measured from
the buccal surface. The tooth segment was embedded
in acrylic resin cylinder molds with 1.5 cm height and
1.5 cm diameter, leaving the buccal surface fully exposed
and parallel to the bottom of the molds to facilitate
analysis by scanning electron microscopy (SEM) and
energy-dispersive X-ray (EDX) and also to test the surface
microhardness.

After sample preparation, the acrylic molds were
stored in simulated body fluid (SBF) for 2 weeks at
room temperature, and the solution was changed
every 3 days. The artificial saliva is based on Ringer’s
solution; this solution was made from analytical reagent
grade (type of artificial saliva). Typically, the solution

Journal of Orthodontic Science - 2024



Fathy Abo-Elmahasen, et al.: Remineralization effect of the chicken eggshell powder in Orthodontics

contains 9 g of NaCl, 0.24 g of CaCl,, 0.43 g of KCl, and
0.2 g of NaHCO, dissolved in 1 L of water. After that,
the samples were analyzed using an SEM and EDX and
Vickers microhardness tester (Wilson hardness tester
model Tukon 1102, Germany).

Bonding of the bracket system

After storage of prepared samples within simulated
body fluid for 2 weeks, the extracted premolar teeth
were prepared to receive routine steps of the bonding
process for the bracket system (Oramco, USA), starting
by application of the acid etching gel (37% phosphoric
acid, Meta Biomed, England) on selected areas of the
enamel surface for 20 seconds; this is followed by rinsing
the surface by water and drying by air. The second
step is application of a bonding agent. The third step is
application of abonding agent and orthodontic composite
on the base of the bracket system and holding it directly
to the selected position on the enamel surface and using
light cure for 30 seconds. The adhesive remnants on the
tooth surface were removed by using surgical scalpel
blade No. 11 (Swann-Morton, England B.S). Samples were
stored again in the artificial saliva for 2 weeks. After that,
the bracket system was debonded from the samples by
ultrasonic instrumentation, which also helped remove
bond remnants on the demineralized enamel surface. After
the debonding step, the samples were analyzed using a
SEM and EDX and Vickers microhardness tester (Wilson
hardness tester model Tukon 1102, Germany).

It is worth mentioning that the debonding process of
the orthodontic bracket system not only leads to enamel
cracks but also may result in the appearance of white spot
lesions as a result of the demineralization of the enamel
surface as a basic step for the bonding process.*¢!

Remineralization procedures

First, the chicken eggshell powder was prepared by the
calcination process®!. To make it easier to remove the
internal white membranes from chicken eggs, they were
cleaned with sterile distilled water, boiled in a hot water
bath for about 10 minutes at 100°C, and then kept in a
furnace muffle (Thermolyne 47900, Model F4791; Kerper
Boulevard, Iowa, USA) at a temperature of 1200°C for
about an hour. At the National Research Centre in Cairo,
Egypt, the fired mass was repeatedly crushed in a sterile
mortar and pestle to achieve uniform particle sizes.
The powder was then subjected to a Fourier transform
infrared (FTIR) spectroscopic analysis to determine its
elemental composition percentage by weight.

Second, to make a 20% paste of eggshell powder,
20 grams of chicken eggshell powder was dissolved
in 100 ml of distilled water. A pH meter (Deluxe deep
vision, model no. 101, California, USA) was then used to
determine the pH of the clear liquid at the top."!
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Third, the prepared 20% paste of eggshell powder
was added to the previous bracket position of the
debonded enamel surface of the study samples gently
by a bonding brush step by step until it covers the
selected demineralized area; then they were stored in
the artificial saliva for 2 weeks; every 24 hours, a new
paste of the eggshell powder was added after washing
the samples with distilled water. Also, the artificial saliva
was changed every 3 days. After the remineralization
stage, the samples were washed with distilled water and
dried to analyze them again using a SEM and EDX and
Vickers microhardness tester (Wilson hardness tester
model Tukon 1102, Germany) [Figure 1].

SEM and EDX analysis

SEM and EDX examined the prepared samples to
evaluate calcium and phosphate percentages at three
time intervals: before bonding of the bracket system, after
the debonding process, and after the remineralization
stage.

After drying, the samples were mounted on aluminum
stubs using double-sided carbon-coated adhesive
tape. Then, using an EMS-350 sputter coater (Electron
Microscopy Sciences, Hatfield, PA, USA) set at 20 Ma for
90 s, samples were coated with gold—palladium.

At the National Research Centre in Cairo, the samples
were examined using SEM (TESCAN VEGA 3, JEOL
USA Inc., USA) at an accelerating voltage of 10 kV
and a working distance of 5-10 mm. The Aztec EDS
system (Oxford Instruments, Abingdon, UK) with
computer-controlled software was used to analyze the
samples using an energy-dispersive X-ray detector.

Micrographs of the material surface were taken at
magnifications of 1000x. Samples were then subjected
to EDX quantitative chemical analyses at the same
magnification. Representative regions for each stage
were analyzed, and the mineral atom mass % was
computed.

Microhardness testing

The samples were tested by using a Vickers microhardness
tester (Wilson hardness tester model Tukon 1102,
Germany) that was equipped with objectives for 100x
and 500x magnifications and integrated with a camera
system (Minuteman Security Technologies, USA).
Testing procedures were conducted in accordance with
the International Organization for Standardization (ISO).
A load of 0.49 N (equivalent to a mass of 50 g) was
applied smoothly without impact, forcing the indenter
into the buccal surface. The indenter was held in
place for 15 seconds. Three different indentations
were performed (spaced a minimum distance apart
of 0.2 mm), and the mean was calculated for each
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Figure 1: Intervention procedure; (a) Sample disinfection; (b) Samples after removing the root; (c) Samples within acrylic blocks; (d) Samples with bonded bracket
system; (e) Samples after debonding of bracket system; (f) Samples after addition of paste of egg shell powder

sample. The length of the two impression diagonals
was measured with a micrometer and averaged. The
microhardness value (Vickers hardness number, VHN)
was calculated using this formula VHN = 1854.4 P/d2,
where (P) is the load (g) and (d) is the mean of diagonals
of indentation (um) [Figure 2].

Statistical analysis

Data management and statistical analysis were performed
using the Statistical Package for Social Sciences (SPSS)
version 20. Numerical data were summarized using
mean, standard deviation, median, and range. Data were
explored for normality by checking the data distribution
and using Kolmogorov-Smirnov and Shapiro-Wilk tests.

Comparisons between groups with respect to normally
distributed numeric were performed using repeated
measures ANOVA test, followed by Bonferroni post hoc
test for pairwise comparisons. All P values are two-sided.
P-values < 0.05 were considered significant.

Results

After analysis of the samples by EDX in three different
time intervals to evaluate the calcium/phosphorus
ratio [Figure 3], the results showed the following:

Calcium, phosphorus, and Ca/P ratio

* Calcium (Ca): The mean value of blank samples (before
bonding of the orthodontic bracket system)
was (26.78 + 8.8). This value significantly decreased
to (2.11 + 2.94) after the debonding of the orthodontic
bracket system and then showed a significant increase
to (27.35 + 7.03) after remineralization. The post hoc
test revealed no significant difference between values
recorded in blank samples and after remineralization.

Figure 2: Image of Vickers indentations on the surface of the sample

The value recorded after debonding of the orthodontic
bracket system was significantly lower than the other
two observations (P = 0.000) [Table 1 and Figure 4].
Phosphorus (P): The mean value of blank
samples (before bonding of the orthodontic bracket
system) was (8.3 = 3.49). This value significantly
decreased to (1.46 + 0.67) after debonding of
the orthodontic bracket system and then
showed a significant increase to (7.6 + 3.85) after
remineralization. The post hoc test revealed no
significant difference between values recorded in
blank samples and after remineralization. The value
recorded after debonding of the orthodontic bracket
system was significantly lower than the other two
observations (P = 0.000) [Table 1 and Figure 4].
Ca/P ratio: The mean value of blank samples (before
bonding of the orthodontic bracket system)
was (4.17 + 2.2). This value significantly decreased
to (2 £ 1.3) after debonding of the orthodontic bracket

Journal of Orthodontic Science - 2024
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Table 1: Descriptive statistics of Ca, P, and Ca/P ratio in blank samples (before bonding of the orthodontic
bracket system), after debonding of the orthodontic bracket system, and after remineralization and comparison
between different observations (repeated measures ANOVA test)

Mean Std. Dev 95% Confidence Interval for Mean Min Max F P
Lower Bound Upper Bound
Calcium
Blank 26.782 8.80 25.19 28.37 9.80 41.46 551.350 0.000*
After debonding 2.11° 2.94 1.58 2.64 0.00 7.64
After remineralization 27.352 7.03 26.08 28.62 10.41 35.46
Phosphorus
Blank 8.30° 3.49 7.67 8.93 1.64 12.10 149.625 0.000*
After debonding 1.46° 0.67 0.97 1.94 0.00 8.00
After remineralization 7.60? 3.85 6.90 8.29 1.64 12.10
Ca/P Ratio
Blank 4172 2.20 3.59 4.75 2.05 12.45 40.599 0.000*
After debonding 2.00° 1.30 1.76 2.24 0.00 4.51
After remineralization 4.792 2.65 4.31 5.27 2.49 8.89
Significance level P<0.05, *Significant. Post hoc test: means with different superscript letter are significantly different
:cps/eV M calcium
e
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Figure 3: Sample analysis by EDX

system and then showed a significant increase
to (4.79 + 2.65) after remineralization. The post hoc
test revealed no significant difference between values
recorded in blank samples and after remineralization.
The value recorded after debonding of the orthodontic
bracket system was significantly lower than the other
two observations (P = 0.000) [Table 1 and Figure 4].

SEM examination

Figures of SEM examination showed an intact solid
surface before bonding of the orthodontic bracket
system [Figure 5], while after the debonding step, it
showed minute fractures on the surface [Figure 6]. At
the same time, SEM examination of the enamel surface
of the prepared samples after the remineralization stage
by a paste of the chicken eggshell powder showed
the presence of radiopaque tangled threads and
filaments [Figure 7].

After analysis of the samples using a Vickers
Micro-hardness Tester in three different time intervals
to evaluate the level of the microhardness at each stage,
the results showed the following:

Journal of Orthodontic Science - 2024
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Figure 4: Bar chart illustrating mean value of Ca, P, and Ca/P ratio in blank
samples (before bonding of the orthodontic bracket system), after debonding of the
orthodontic bracket system, and after remineralization

Vickers Micro-hardness Tester

The mean value of blank samples (before bonding of the
orthodontic bracket system) was (219.64 + 24.82). This value
significantly decreased to (75.62 + 12.91) after the debonding
of the orthodontic bracket system and then showed a
significant increase to (210.83 + 24.10) after remineralization.
The post hoc test revealed no significant difference
between values recorded in blank samples and after
remineralization. The value recorded after debonding of the
orthodontic bracket system was significantly lower than the
other two observations (P = 0.000) [Table 2 and Figure 8].

Percentage of surface microhardness recovery
(SMHR)

SMHR was calculated according to a previous
study. Using the formula (SMH remineralized-SMH
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Table 2: Descriptive statistics of surface microhardness Kg/mm? VHN in blank samples (before bonding of the
orthodontic bracket system), after debonding of the orthodontic bracket system, and after remineralization and
comparison between different observations (repeated measures ANOVA test)

Mean Std. 95% Confidence Interval for Mean Min Max F P
Dev Lower Bound Upper Bound
Blank 219.642 24.82 215.15 22412 133.80 257.60 1720.00 0.000*
After debonding 75.62° 12.91 73.29 77.96 49.20 99.10
After remineralization 210.83? 24.10 206.48 215.19 105.20 256.20

Significance level P<0.05, *Significant. Post hoc test: means with different superscript letters are significantly different

Figure 5: Sample by SEM before bonding of the bracket system; arrows refer to an
intact solid surface

Figure 7: Sample by SEM after remineralization stage by paste of chicken egg
shell powder; arrows refer to radiopaque tangled threads and filaments

demineralized)/(SMH baseline-SMH demineralized)
X100), the mean percentage of Surface microhardness
recovery (SMHR) was 95.72 = 26.17%, with
minimum 22.95 and maximum 200.97%.

Discussion

The current in vitro study was conducted on 80 freshly
extracted premolar teeth for the purpose of orthodontic
treatment as it was revealed from sample size calculation
to obtain more accurate results.
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Figure 6: Sample by SEM after debonding of the bracket system; arrows refer to
minute fractures
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Figure 8: Bar chart illustrating the mean value of surface microhardness Kg/mm?
VHN in blank samples (before bonding of the orthodontic bracket system), after
debonding of the orthodontic bracket system, and after remineralization

As artificial saliva (simulated body fluid) maintains
a simulated PH level and nearly identical contents to
normal saliva, it serves as an excellent environment
and medium for storing the study samples. This
allows researchers to balance their samples’ inorganic
and organic contents while preventing the loss of any
inorganic components. It is also important to note that
the simulated body fluid should be replaced every 3 days

Journal of Orthodontic Science - 2024
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to prevent any substance from leaking out or being
swapped, which could change the ph.F!

The main cause of the occurrence of white spot lesions
during and after orthodontic treatment is that the
bonding process in orthodontics requires surface
preparation and etching of the enamel surface that
ends in demineralization and release of calcium and
phosphorous ions from the superficial surface.® The
affected part of the tooth surface ranges from 5% to 85%
of the total enamel surface.*”!

It is worth mentioning that frequent use of organic
acids and solutions can affect the normal balance of
demineralization and remineralization of enamel
surfaces and rapidly lead to the dissolution of the enamel
surface (3 to 4 weeks) by plaque microorganisms that
result in the appearance of the first sign of enamel caries,
white spot lesions.[!

There are many remineralizing agents as fluoride,
casein phosphopeptides, and amorphous calcium
phosphate (CPP-ACP), but they have disadvantages
as they are not natural sources for calcium; also,
some previous studies were against using high doses
of remineralizing agents as fluoride because it leads
to the arrest of physiological demineralization and
remineralization processes by saliva and advocates using
low doses through using different mouth rinses.

The ultrasonic procedure is the gentle debonding
method that was used in our current study to avoid
occurrence of any cracks or fractures by other methods
of debonding that affect negatively on the end results of
the remineralizing effect of the chicken egg shell paste.

The chicken eggshell powder (CESP) is a complex calcium
carbonate with highly organized calcite bio-ceramic and
water molecules in the lattice. CESP is often municipal
garbage, although it has the potential to be transformed
into a calcium carbonate supply in the future. According
to expectations based on the significant remineralizing
effects of chicken eggshell powder in earlier studies, 2!
the addition of chicken eggshell paste to the samples
following the debonding of the orthodontic bracket
system causes the mineral contents, primarily calcium
and phosphate, to deposit onto the enamel surface and
can restore its in-organic dissolved elements. These
findings are consistent with earlier literature.* !

SEM/EDX was used in the present study for the
assessment of the differential changes of mineral content
of the enamel surface at three different time intervals,
before the bonding process, after debonding of the
bracket system, and after remineralization stage, as it
reveals an accurate report about a sample’s chemical
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composition, including the elements present as well as
their distribution and concentration.!

The EDX results revealed that the Ca/P ratio for the
prepared samples before bonding of the orthodontic
bracket system (blank samples) was (4.17 + 2.2). This
value significantly decreased to (2 + 1.3) after the
debonding of the orthodontic bracket system due to the
decreasing of minerals, mainly calcium and phosphorus,
during enamel surface conditioning by 37% phosphoric
acid as a step for bonding of the orthodontic bracket
system. The Ca/P ratio showed a significant increase
to (4.79 + 2.65) after the remineralization stage; this was
owing to the effect of the paste of the chicken eggshell
powder as it deposited calcium and phosphorus
inside and around enamel prisms. These results were
compatible with the results of previous studies.*?!
Also, there was no significant difference between values
recorded in blank samples and after remineralization due
to the high mineral recovery rate.

In the current study, figures of SEM examination
showed an intact solid surface before bonding of the
orthodontic bracket system that revealed intact enamel
prisms. In contrast, after the debonding step, it showed
minute fractures on the surface that explained the effect
of the etching step during the bonding process of the
orthodontic bracket system as it led to the dissolution of
the prism cores of the enamel surface and its boundaries.

As for SEM examination of the enamel surface of the
prepared samples after the remineralization stage by
a paste of the chicken eggshell powder, it showed the
presence of radiopaque tangled threads and filaments;
this image can explain the significant effect of the paste
of the chicken eggshell powder in the deposition of
calcium and phosphorus elements onto the prism core
and its boundaries of the enamel surface. These results
are similar to those revealed by previous literature.*!

The results of EDX were assured by the results of the
Vickers Micro-hardness Tester as that was performed
in previous studies,?! which revealed that the mean
value of the samples before bonding of the orthodontic
bracket system (blank sample) was significantly decreased
to (75.62 + 12.91) after debonding of the orthodontic
bracket system due to mineral dissolution; then it showed a
significant increase to (210.83 + 24.10) after remineralization
due to the significant effect of the chicken eggshell paste.

There was no significant difference between
microhardness values recorded in blank samples and
after remineralization due to the high minerals recovery
rate, which was measured by the percentage of SMHR,
which showed 95.72 + 26.17%, with minimum 22.95 and
maximum 200.97%.57!
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Conclusion

The chicken eggshell powder has a great
remineralization effect for the demineralized enamel
surface after debonding of the orthodontic enamel
surface as it is one of the greatest and richest natural
sources of calcium and phosphate elements that are
deposited onto the defected enamel surface.

SEM and EDX are reliable methods to evaluate the
remineralization effect of the chicken eggshell powder;
this can be assured by using the Vickers microhardness
tester to assess the surface microhardness.

The Vickers Micro-hardness Tester revealed a
significant increase in its value after application of the
chicken eggshell paste, which indicates an excellent
remineralizing effect.

Recommendations

It is a very important step to apply the paste of
the chicken eggshell powder during orthodontic
treatment to avoid the appearance of white spot
lesions after removal of the fixed orthodontic
appliance.

It is recommended to combine the chicken eggshell
powder with glass ionomer cement and with an
orthodontic bonding agent, which help to avoid
demineralization of the enamel surface.

Also, it is recommended to use the chicken eggshell
with manufacturing of the mouth wash to be easy in
application by the orthodontic patient.
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Highlights

1.

The chicken egg shell powder has a great
remineralization effect for the demineralized enamel
surface after debonding of the orthodontic bracket
system as it is one of the greatest and richest natural
sources of calcium and phosphate elements that are
deposited onto the defected enamel surface.
Scanning electron microscopy (SEM) and
energy-dispersive X-ray (EDX) are reliable methods
to evaluate the remineralization effect of the chicken
egg shell powder.

The Vickers microhardness tester is helpful to assess
the enamel surface microhardness.

Financial support and sponsorship
Nil.

8

Conflicts of interest
There are no conflicts of interest.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

References

Shungin D, Olsson Al, Persson M. Orthodontic treatment-related
white spot lesions: A 14-year prospective quantitative follow-up,
including bonding material assessment. Am ] Orthod Dentofacial
Orthop 2010;138:136.e1-8; discussion 136-7. doi: 10.1016/j.ajodo.
2009.05.020.

Mattousch TJ, Van der Veen MH, Zentner A. Caries lesions after
orthodontic treatment followed by quantitative light-induced
fluorescence: A 2-year follow-up. Eur ] Orthod 2007;29:294-8.
Gange P. The evolution of bonding in orthodontics. Am ] Orthod
Dentofacial Orthop 2015; 147 (4 Suppl):556-63. doi: 10.1016/j.
ajodo.2015.01.011.

Gorelick L, Geiger AM, Gwinnett AJ. Incidence of white spot
formation after bonding and banding. Am J Orthod 1982;81:93-8.
Mizrahi E. Enamel demineralization following orthodontic
treatment. Am J Orthod 1982;82:62-7.

Ogaard B, Rella G, Arends J. Orthodontic appliances and enamel
demineralization. Part 1. Lesion development. Am ] Orthod
Dentofacial Orthop 1988;94:68-73.

Zachrisson BU, Brobakken BO. Clinical comparison of direct
versus indirect bonding with different bracket types and
adhesives. Am ] Orthod 1978;74:62-78.

Forsberg CM, Brattstrom V, Malmberg E, Nord CE. Ligature
wires and elastomeric rings: Two methods of ligation, and their
association with microbial colonization of Streptococcus mutans
and lactobacilli. Eur ] Orthod 1991;13:416-20.

Mitchell L. Decalcification during orthodontic treatment with
fixed appliances--An overview. Br ] Orthod 1992;19:199-205.
Leach SA. Factors relating to demineralization and remineralization
of the teeth, in Antalya, Turkey, Leach SAed: Proceedings of a
Workshop. Oxford: Pub IRL Press; 1985.

Mellberg JR, Chomicki WG, Mallon DE, Castrovince LA.
Remineralization in vivo of artificial caries lesions by a
monofluorophosphate dentifrice. Caries Res 1985;19:126-35.
Indrapriyadharshini K, Madan Kumar PD, Sharma K, Iyer K.
Remineralizing potential of CPP-ACP in white spot lesions-A
systematic review. Indian ] Dent Res 2018;29:487-96.

Willmot DR. White lesions after orthodontic treatment: Does low
fluoride make a difference? ] Orthod 2004;31:235-42; discussion
202. doi: 10.1179/146531204225022443.

Songsiripradubboon S, Hamba H, Trairatvorakul C, Tagami J.
Sodium fluoride mouth rinse used twice daily increased
incipient caries lesion remineralization in an in situ model. ] Dent
2014;42:271-8.

Robertson MA, Kau CH, English JD, Lee RP, Powers ], Nguyen JT.
MI Paste Plus to prevent demineralization in orthodontic
patients: A prospective randomized controlled trial. Am ] Orthod
Dentofacial Orthop 2011;140:660-8.

Lapenaite E, Lopatiene K, Ragauskaite A. Prevention and treatment
of white spot lesions during and after fixed orthodontic treatment:
A systematic literature review. Stomatologija 2016;18:3-8.

Singh S, Singh SP, Goyal A, Utreja AK, Jena AK. Effects of various
remineralizing agents on the outcome of post-orthodontic white
spot lesions (WSLs): A clinical trial. Prog Orthod 2016;17:25. doi:
10.1186/s40510-016-0138-9.

Ogaard B, Rella G, Arends J, ten Cate JM. Orthodontic appliances
and enamel demineralization. Part 2. Prevention and treatment
of lesions. Am ] Orthod Dentofacial Orthop 1988;94:123-8.
Mony B, Ebenezar AV, Ghani MF, Narayanan A, S A, Mohan AG.
Effect of chicken egg shell powder solution on early enamel
carious lesions: An invitro preliminary study. ] Clin Diagn Res
2015;9:ZC30-2.

Journal of Orthodontic Science - 2024



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Fathy Abo-Elmahasen, et al.: Remineralization effect of the chicken eggshell powder in Orthodontics

Neunzehn J, Szuwart T, Wiesmann HP. Eggshells as natural
calcium carbonate source in combination with hyaluronan as
beneficial additives for bone graft materials, an in vitro study.
Head Face Med 2015;11:12. doi: 10.1186/s13005-015-0070-0.
Onwubu SC, Mhlungu S, Mdluli PS. In vitro evaluation
of nanohydroxyapatite synthesized from eggshell waste
in occluding dentin tubules. ] Appl Biomater Funct Mater
2019;17:2280800019851764. doi: 10.1177/2280800019851764.
Alkattan R, Lippert F, Tang Q, Eckert GJ, Ando M. The influence of
hardness and chemical composition on enamel demineralization
and subsequent remineralization. ] Dent 2018;75:34-40.
Althagafi N. Impact of fluoride-releasing orthodontic adhesives
on the shear bond strength of orthodontic brackets to eroded
enamel following different surface treatment protocols. ] Orthod
Sci 2022;11:3. doi: 10.4103/jos.jos_139_21.

Gutiérrez-Salazar MP, Reyes-Gasga J. Enamel hardness and
caries susceptibility in human teeth. Rev Latinoam Metal Y Mater
2001;21:36-40.

Adebayo OA, Burrow MF, Tyas MJ, Adams GG, Collins ML.
Enamel microhardness and bond strengths of self-etching primer
adhesives. Eur ] Oral Sci 2010;118:191-6.

Vieira A, Hancock R, Dumitriu M, Schwartz M, Limeback H,
Grynpas M. How does fluoride affect dentin microhardness and
mineralization? ] Dent Res 2005;84:951-7.

Onwubu SC, Mdluli PS, Singh S, Tlapana T. A novel application
of nano eggshell/titanium dioxide composite on occluding
dentine tubules: An in vitro study. Braz Oral Res 2019;33:e016.
doi: 10.1590/1807-3107bor-2019.vo133.0016.

Aruna Rani SV, Rajkumar K, Saravana Karthikeyan B,
Mahalaxmi S, Rajkumar G, Dhivya V. Micro-Raman spectroscopy
analysis of dentin remineralization using eggshell derived
nanohydroxyapatite combined with phytosphingosine. ] Mech
Behav Biomed Mater 2023;141:105748. doi: 10.1016/j.jmbbm.
2023.105748.

Onwubu SC, Naidoo D, Mkhize SC, Mabaso NLN, Mdluli PS,
Thakur S. An investigation in the remineralization and
acid resistant characteristics of nanohydroxyapatite

Journal of Orthodontic Science - 2024

30.

31.

32.

33.

34.

35.

36.

37.

38.

produced from eggshell waste via mechanochemistry.
J Appl Biomater Funct Mater 2020;18:2280800020968352. doi:
10.1177/2280800020968352.

Onwubu SC, Mdluli PS, Singh S, Bharuth V. Remineralization
potential of a modified eggshell-titanium composite-scanning
electron microscope study. Eur ] Dent 2019;13:187-92.

Onwubu SC, Mdluli PS, Singh S, Bharuth V, Makgobole MU.
Evaluation of the occluding characteristics of nanosized eggshell /
titanium dioxide with or without saliva. Eur ] Dent 2019;13:547-55.
Schaafsma A, Pakan I. Short-term effects of a chicken egg shell
powder enriched dairy-based products on bone mineral density
in persons with osteoporosis or osteopenia. Bratisl Lek Listy
1999;100:651-6.

Schaafsma A, van Doormaal JJ, Muskiet FA, Hofstede GJ,
Pakan I, van der Veer E. Positive effects of a chicken eggshell
powder-enriched vitamin-mineral supplement on femoral neck
bone mineral density in healthy late post-menopausal Dutch
women. Br ] Nutr 2002;87:267-75.

Dai Z, Liu M, Ma Y, Cao L, Xu HHK, Zhang K, et al. Effects of
fluoride and calcium phosphate materials on remineralization
of mild and severe white spot lesions. Biomed Res Int
2019;2019:1271523. doi: 10.1155/2019/1271523.

Suzuki FK, Wang P, Weatherspoon J, Mead L. Method of
producing eggshell powder. Recent Pat Food Nutr Agric
2021;3:1-8.

Haghgoo R, Mehran M, Ahmadv, M, Ahmadvand M]J.
Remineralization effect of eggshell versus nano-hydroxyapatite
on caries-like lesions in permanent teeth (in vitro). ] Int Oral Health
2019;8:435-9.

Talaat D, Omar S. Comparative evaluation of the effect of black
and green tea on artificially demineralized permanent enamel:
In vitro study. Egypt Dent ] 2021;67:61-70.

Shaik ZA, Rambabu T, Sajjan G, Varma M, Satish K, Raju VB,
et al. Quantitative analysis of remineralization of artificial carious
lesions with commercially available newer remineralizing agents
using SEM-EDX- in vitro study. ] Clin Diagn Res 2017;11:2C20-3.
doi: 10.7860/JCDR /2017 /22270.9642.



