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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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Abstract.

Background: Remineralizing agents such as fluoride and
hydroxyapatite (HA) (Ca5 (po4)30H) are well-known treatment
choices for incipient enamel lesions. Hydroxyapatite has been
newly presented to return the color of such enamel lesions.

Objective: The purpose of this prospective in vitro study was
to compare commercial sodium fluoride paste to hydroxyapatite
paste (HA) made from chicken eggshells powder (CESP) in
terms of how it affected the microhardness and color of the
enamel surface of artificially demineralized permanent teeth.
Materials and Methods: Fifty healthy maxillary premolars
were gathered, decoronated, and the crowns were placed in
acrylic moulds with the buccal enamel surfaces exposed.
Baseline microhardness evaluation was done for the baseline
group, while the colour assessment was done at baseline to
three treatment groups. Then specimens were randomly divided
into the following five groups (n = 10) based on the treatment
of enamel surface: Group 1: Baseline group; Group 2: Acid
group demineralized only; Group 3: demineralized followed
by the application of hydroxyapatite paste (HA); Group 4:
demineralized followed by the application of sodium fluoride
toothpaste (Naf); and Group 5: demineralized followed by
application of combination treatments (HA paste at morning and
Naf paste at evening. The specimens were stored in deionized
water at room temperature during treatments, after one week
they were subjected to a Vickers microhardness test, and colour
assessment to three treatment groups after treatment. One-way
ANOVA and Tukey’s post hoc multiple comparison tests were
used for statistical analysis (P < 0.05).

Results: After artificial demineralization, the enamel's surface
microhardness was greatly reduced, and after management,
it dramatically increased. The combination group had the
greatest mean microhardness value when compared to the HA
paste group and the Naf paste group. Statistically, there was
no significant variance in microhardness values among the
Naf paste and HA paste groups. Conclusion: Hydroxyapatite
sourced from chicken eggshell was as effective as Naf paste
in remineralizing and restoring the lost microhardness of
artificially demineralized enamel, hydroxyapatite paste changed
tooth color, while sodium fluoride paste, a combination group
neither changed nor masked color of early caries lesion.

Key words. Chicken eggshells, microhardness, hydroxyapatite
paste. Remineralization, colour.

Introduction.

Dental caries is a contagious illness predominantly brought on
by the fermentation of carbohydrates by acidogenic bacteria in
the mouth, which results in the production of organic acid as
a byproduct. As a consequence, the acids penetrate the dental
plaque biofilm's hard tissues and break into hydrogen ions.
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These hydrogen ions have the power to liquefy the tooth's
mineral components, particularly calcium and phosphate.
Known as demineralization, this procedure. And if the right
treatment is provided, this process can be prevented; otherwise,
the teeth would progressively deteriorate [1]. Dental caries is
preventable, so many approaches focused on many procedures
and measures to conserve the development of caries and treat it at
its initial stages trying to preserve more tooth structure whenever
possible, Reminerlizaing agents are created in a variety of
products, including dentifrices, fissure sealants, chewing gum,
and mouthwash [2,3]. Therefore, modern dentistry emphasizes
prevention and minimal intervention, and one of the principles
of minimal intervention dentistry is the replacement of missing
tooth substances with biomimetic material (MID) [4,5].

In dentistry, the development of biomimetic materials has
led to the development of materials that can entirely replace
missing tooth structures and possess qualities resembling those
of natural tooth structures. HA is one of these materials and is
thought to be the most bioactive and compatible. Both natural
and artificial sources can be used to prepare HA. The synthetic
version of HA has so far been used to demonstrate the positive
benefits of the compound. A natural and inexpensive method
of manufacturing HA might use chicken eggshells as a raw
material [6]. The null hypothesis of the current study: there is no
improvement in the microhardness and color of the artificially
demineralized enamel teeth when using Hydroxyapatite (HA)
paste synthesis from CESP.

Materials and Methods.

Preparation of Hydroxyapatite powder (HAP): Hydroxyapatite
powder (HAP) as a white powder prepared manually from
chicken eggshell powder (CESP) at Department of Dental Basic
Science/College of Dentistry/University of Mosul, (patent 6987,
A61C13/08, A61L27/12).

Preparation of Demineralization solution: Consists of CaCl,
(2.2mM), KH,PO, (2.2 mM) and acetic acid (0.05 M), pH was
adjusted with (1M) KOH to (4.4).

Preparation of the specimen: After receiving the ethical
approval from the research ethics committee in the University
of Mosul/College of Dentistry (UoM. Dent/ H.DM.78/22). Fifty
extracted non-carious maxillary first premolars were collected
and examined under stereomicroscope (OPTIKA /ITALY) to
ensure that they were cavity-free, hypo calcifications, and crack
then stored in deionized water containing (0.1% PH.7) Thymol
(Flukachemie, Switzerland) in a closed container at room
temperature and used within 3 months after extraction [7] to
prevent dehydration and microbial growth [8]. The teeth were
decoronated at the cervical line with abundant water irrigation
using straight diamond bur of a high-speed handpiece (continuous
water cooling) to evade damaging the enamel. Then, each tooth
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crown was positioned such that the buccal surface faced upward
and was parallel to the ring's floor inside a self-curing acrylic
resin (VERACRIL/Colombia). Filled cylindrical plastic ring
(14mm in diameter, 16mm in depth). A circular 6mm piece of
adhesive tape was placed in the middle of the buccal surface of
each sample. The tape was removed to reveal an enamel window
after applying acid-resistant nail polish to the remaining surface
[9]. After that, using fine-grit silicon carbide sheets (1200 grit),
the exposed enamel surfaces were ground and wet polished one
at a time to provide flat, homogeneous surfaces for the surface
microhardness test [10], Then polishing the exposed window
with the universal polishing machine (Surf-Corder, Japan).
Later, all samples were kept in deionized water until they were
soaked in a demineralized solution (Figure 1A).

Establishment of the preliminary Carious Lesion: Every tooth
in the research, except the baseline group, was submerged in a
demineralizing solution for 48 hours (2 days) at 37°C to cause
subsurface enamel caries (white spot lesions without cavities)
[11], Specimens were washed with deionized water and stored
in deionized water.

Synthesis of hydroxyapatite paste from chicken eggshell
powder (CESP): The hydroxyapatite paste (HA paste) was
prepared according to Natsir et al [12]. which is formulated
from Sodium Carboxyl Methyl Cellulose (Na-CMC)(Avonchen,
UK.), Distilled water, Glycerol, Methylparaben (NipaginR,
Avonchen, UK), Hydroxyapatite powder extract from chicken
eggshells by chemical precipitation method. The most preferable
concentration of hydroxyapatite in paste formulation to achieve
better remineralization of the enamel tooth surface is (10%)
WYV according to [13]. Therefore, we prepared 5 ml of 10%
Hydroxyapatite toothpaste daily for 7 days.

Infrared Spectroscopy Estimation of Important Bands: The
prepared HA powder from CESP, and the prepared HA paste
components were characterized by using the FTIR-Alfa-Bruker
spectrophotometer (Germany) in the region (400-4000 cm™).
This measurement was carried out at the University of Mosul,
College of chemistry sciences, Iraq (Figure 1B).

Grouping and surface treatment: In the current research, there
were a total of (50) samples of teeth, which were allocated into
(5) groups at random with (n=10) samples in each group.

Group A (10 teeth): baseline group without demineralization,
(subjected to microhardness test only).

Group B (10teeth): without treatment, demineralized teeth
immersed in deionized water only, (subjected to microhardness
test only).

Group C (10 teeth): after demineralization, HA paste was
applied by a micro brush as in figure (1C) and then brushed
by a soft brush, which was applied twice daily on the exposed
enamel surface to simulate routine normal hygiene in vivo,
(Subjected to microhardness test & colour test).

Group D (10 teeth): The exposed enamel window of each
tooth was coated with a thin layer of fluoridated toothpaste that
contains (2500 ppm) fluoride ion (Flurokin, Spain) using a fine
brush for 2-3 minutes. This procedure was performed twice
daily to simulate routine oral hygiene instructions then washed
with deionized water and stored in deionized water change
after each application until complete one week, (Subjected to
microhardness test & colour test) (Figure 1D)

Group E (10 teeth): Combination group (HA toothpaste
+fluoridated toothpaste) separately (HA) paste applied once in
the morning and (Naf) paste once in the evening until complete
one week, (Subjected to microhardness test & colour test).

Surface  Microhardness Test (SMH): The Surface
Microhardness Test (SMH), assesses a material's resistance
to plastic deformation under a standard load source [14]. The
microhardness of the samples was determined using a Vickers
Microhardness tester (Wilson Wolpert Instruments, Aachen,
Germany) outfitted with a 500-g load. It took 15 seconds
for the exposed enamel surface to sink and settle before the
Vickers hardness number (VHN) could be determined. On each
specimen, three indentations were made, and the measurements
were averaged. This was used as the sample's first Microhardness
value (MHV) for the baseline group, control negative (Acid
group) after demineralization, and three treatment groups after
remineralization then compare between surface Microhardness
of all groups and according to [15].

Colour change evaluation: Color evaluation was assessed at
two different stages; at baseline before enamel lesion formation,
as well as after therapy application consuming a colour
colourimeter (NR60CP Precision /3nh/China) as in figure (2).
The CIE-lab coordinates were obtained using a colourimeter.
L* stands for the light parameter, a* for the green-red chromaticity
parameter, and b* for the blue-yellow chromaticity parameter.
Each specimen had three readings taken, and the average of those
values was recorded. The mean values of colourimeter readings at
different stages were compared to evaluate the amount of colour
change (AE) as follows AE = [(AL¥) 2 + (Aa*) 2 + (Ab¥*) 2]~

The colour measurement was performed in a dark room, which
could eliminate associated errors [16,17], and the teeth samples

Figure 1. Representative images for the created model in the study. (4) Creation of a window on the buccal surface in order to standardize the area
of measurement in the middle third of the tooth. (B) Infrared spectroscopy, Alpha 11 Bruker. Application of (C) Hydroxyapatite paste (D) sodium

fluoride paste.
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Figure 2. Display colour measurement of the teeth samples by using
a Colorimeter.

were placed over a white paper during measurements to provide
white background [18].

Statistical analysis: Microhardness values of the baseline
group, Microhardness values of control negative (acid group)
and Microhardness values of three treatments groups and data
of the color test were explored for normality using Kolmogorov-
Smirnov and Shapiro-Wilk tests and showed parametric
(normal) distribution. One-way ANOVA followed by Tukey’s
post-hoc test was used to match between different clusters of
each test. The significance level was set at P < 0.05. Statistical
analysis was performed with SPSS Version 20 for Windows.

Results.

The microhardness test for all groups, including the mean,
number, and standard deviation displayed in Table 1. Based on
the measurement for tested groups, the Baseline group had the
highest surface microhardness mean value and the Combination
group had the highest mean between treatment groups, then
sodium fluoride group, followed by the HA paste group, and the
control negative group.

The contrast of mean values of enamel surface microhardness
tested and the results revealed that there were highly statistically
significant differences within and in between baseline, Control
negative, HA paste, Naf paste, combination groups at p < 0.01
(Table 2).

The mean microhardness for Baseline, control negative,
and treatment groups are highly significantly different from
each other at p< 0.01. The baseline group had surface mean
microhardness significantly higher (281.3300) than other
groups, the Combination group had a mean microhardness
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(264.5400), while control negative group had a lesser mean
(171.2600) on surface microhardness (Table 3).

We noticed that from mean values of surface microhardness of
the enamel teeth samples. The surface microhardness decreased
after immersion in demineralizing solution, in comparison to
the microhardness of the baseline group.

Color change estimation: To observe the degree of colour
change, the mean values of colourimeter readings at two
separate phases were calculated, as shown in Table (4).

The hydroxyapatite paste group exhibited an increase in
AL value more than the other two types of treatment groups
associated with a decrease in Aa and Ab, and this reflected that
increase in light reflection and decrease in light transmission,
through the tooth caused by the HA particles adhering to the
enamel (Figure 3).

Discussion.

The efficacy of hydroxyapatite micro-clusters or
nanoparticles in toothpaste and mouthwash in promoting caries
remineralization and stopping tooth tissue demineralization
has been demonstrated via clinical as well as in situ and in

Table 1. Descriptive statistics of surface microhardness measurements
among tested groups.

Groups N Mean S.D.
Baseline group 10 281.3300 11.48797
Control negative G 10 171.2600 16.15798
Hydroxyapatite paste G 10 234.7200 12.57120
Sodium fluoride paste G 10 237.4000 10.39177
Combination G 10 264.5400 2.57086

Total 10 237.8500 39.50255

Table 2. Enamel surface microhardness of the studied groups.

Microhardness Sum of Squares df Mean Square F Sig
Between Groups 70470.940 4 17617.735 132.327 0.000
Within Groups 5991.185 45 133.137
Total 76462.125 49
** p< 0.01, highly statistically significant using
one-way analysis of variance (ANOVA) test

Table 3. Microhardness value at baseline G, Control negative,
Hydroxyapatite toothpaste, Sodium fluoride paste and combination

groups.

Groups N Mean S.D.
Baseline group 10 281.3300 a 11.48797
Control negative G 10 171.2600 d 16.15798
Hydroxyapatite paste G 10 234.7200 ¢ 12.57120
Sodium fluoride paste G 10 237.4000 ¢ 10.39177
Combination G 10 264.5400 b 2.57086

Means in the same column with different letter values denote
statistically significant differences using Duncan’s Multiple Range
Test, significant (p<0.05); and non-significant (p>0.05).

Table 4. Mean AL*, Aa*, and Ab* values after 1 week of treatment.

Groups AL * Aa * Ab *

HA paste G 4.782(0.294) |-0.328(0.303)  -4.46(2.722)
Naf paste G 1.154(0.457) -0.274(0.686)  -6.08(2.225)
Combination G~ 3.340(0.773)  -1.353(0.531)  |-6.20(2.996)
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Figure 3. Mean AE values of the Hydroxyapatite paste G, Sodium
fluoride paste G, and Combination G. HA paste had the lowest mean
value, then Naf paste group, and the combination group.

vitro research, HA particles that have been adsorbed on tooth
surfaces induce remineralization of initial caries lesions by
directly filling micropores in demineralized tooth tissue, where
it acts as a crystal nucleus, and by continuously attracting large
amounts of calcium and phosphate ions from the surrounding
remineralization material, which promotes crystal deposition and
growth [19]. The microhardness of the enamel surface is a good
indicator of the mineral makeup of the enamel, and measuring
microhardness is sensitive enough to ascertain how the enamel is
resistant to demineralization. Additionally, a strong connection
was discovered between mineral loss in carious lesions and the
enamel's surface microhardness [20]. According to the findings
of the current study, the null hypothesis was not accepted. The
enamel bio-mineralization of hydroxyapatite in combination
with fluoride following treatment on artificially demineralized
enamel of them exhibited promising remineralizing capability
in the results. Therefore, based on the results, we observed
that enamel microhardness decreased after being exposed
to the demineralizing solution, which pointed to the mineral
loss triggered by the acid, and the difference in mean surface
microhardness values(SMH) between the groups following
treatment, which reflected the various remineralization
potentials for each treatment procedure, was highly statistically
significant. The remineralization system needs to supply
constant, bioavailable calcium, phosphate, and fluoride ions
since these minerals are lost during demineralization [21].
In the current study and depending on the means values, the
remineralization effect of the combination group (HA paste +Naf
paste) was better than hydroxyapatite paste alone, and sodium
fluoride paste alone but both of them were valuable to protect
the microhardness of permanent teeth enamel when compared to
with the control negative group where the deionized water was
used for storing teeth after demineralization. The combination
group exhibited the highest mean surface enamel microhardness
than the Naf paste alone or HA paste alone, and this agrees with
Ebadifar et al. [21-23]. The obtained results of the SMH values
found in the combined group denote that the presence of copious
amounts of calcium, phosphate from hydroxyapatite paste and
fluoride ions increased hydroxyapatite crystallization utilizing
the high level of ions available so enhancement remineralization
effect due to the synergistic effect of two remineralizing agents.
Additionally, fluoride toothpaste is well known for enhancing
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the remineralization of human enamel following acid assault
and is well-regarded by the general population [23].The results
of our experiment on the remineralization of sodium fluoride
paste agreed well with those of Oliveira et al [24]. Whose noted
that after a week of treatment, toothpaste containing just fluoride
significantly increased the microhardness of demineralized
specimens. While HA pastes alone group exhibited a minimum
mean value than the combination paste group, and Naf paste
alone group, this might be due to the paste used in this study
being locally synthesis not commercially supplied, the short
duration of treatment, and the size of hydroxyapatite used in
the toothpaste preparation is micro-sized instead of nanosized,
resulting in less entering the lesion and caused HA paste group
exhibiting least mean for surface microhardness [10,25].
However statistically speaking, there was no visible difference
in the mean SMH value between the HA paste group and the
Naf paste group, and this was in good agreement with the study
conducted by [26,27]. While regarding color change results, The
colourimetric analysis in this study was carried out to describe
the ability of hydroxyapatite paste, sodium fluoride toothpaste
and a combination of both of them together to induce a color
change (AE, AL, Aa, Ab) in the artificially induced white spot
lesion or capability of these remineralizing agents to cover the
visible white color of early enamel caries. The attachment of
HA particles to the tooth surface may be used to explain why the
HA-oral care product can whiten teeth. Fabritius-Vilpoux et al.
(2019) concluded that HA particles from a mouthwash adhere to
enamel surfaces an in vitro research; this is supported by the scan
electron microscope (SEM) examination carried out in the study
performed by Sarembe et al. (2020). So, the result of the colour
analysis of hydroxyapatite paste of the current study was in good
agreement with [28,29]. However, studies on teeth whitening
products have shown that remineralization causes a considerable
improvement in the yellowness [Ab] and lightness [AL] of the
teeth. Additionally, the human eye is more sensitive to changes
in brightness [AL] than the other colour characteristics [Aa, Ab]
[30]. According to studies [30,31], the AL colour parameter is the
most important factor in tooth colour assessments. In the current
study, we found that HA paste significantly increased brightness
(L) compared to other treatment groups while significantly
reducing (b, a), making teeth appear whiter, less red, and less
yellow. These optical changes can be attributed to the HA
particles sticking to the enamel, which increases light reflection
and decreases light transmission through the tooth [16,17,32],
While sodium fluoride paste cannot conceal the whiteness of
early caries lesions, this is because a high fluoride concentration
can accelerate mineral precipitation on the enamel surface and
obturate the enamel surface pores. This procedure may further
restrict the remineralization of the subsurface demineralized
enamel [33]. The esthetic and structural qualities of the deeper
lesions are not significantly enhanced by this surface-only
remineralization [21]. Although the high mean AE value of
the combination group point to the worst result and this can
be explained by that, remineralization by using the synergistic
effect of HA toothpaste and Naf toothpaste leads to the form
of a new product on the tooth surface caused to change in the
colour negatively through irregular remineralization making
like a bridge on the enamel surface, so further studies we needed



to observe the outer layer of the demineralized enamel tooth
surface treated by this type of synergistic treatment such as
evaluation by using scanning electron microscope. However
mean AE value of HA paste is the lowest mean between the
three remineralizing agents and this indicated the best result
for colour restoration, and according to the study performed by
Abdel-Hakim et al. (2016) [15], who said that the lowest mean
of AE indicated the best result for changing the colour of the
white spot lesion (WSL). Attempt should be made to provide
protection of the whole teeth keeping it safe from porosity,
enamel loss, and opalescent tooth colour [34].

Conclusion.

The microhardness of artificially demineralized enamel
surface is improved by hydroxyapatite paste made from chicken
eggshells and sodium fluoride toothpaste (Flurokin), which
together have remineralizing properties. Statistically speaking,
the ability of sodium fluoride paste, and hydroxyapatite paste to
remineralize and restore the enamel's lost microhardness was
comparable; however, the combination paste group (HA+ Naf)
was thought to be the most successful in remineralizing and
regaining the enamel lost microhardness, followed by Naf paste
and finally HA paste. Toothpaste containing sodium fluoride had
no impact in restoring the colour of lesions with white spots.
While hydroxyapatite paste can improve but not mask the white
colour of white spot lesions, when it is combined with sodium
fluoride as in the combination paste group it is neither improved
nor masks the colour of white spot lesions.
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