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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.
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Potential damage to dental enamel associated
with orthodontic treatment especially enamel demineralization
or white spot lesions formation are encountered as a common
and undesirable complication of fixed orthodontic treatment.
Aims of Study: Estimation the remineralization potential
of paste prepared from Sesamum indicum oil in different
concentrations and compare with casein phosphopeptide-
amorphous calcium fluoride phosphate (CPP-ACFP) paste on
artificial enamel caries produced in bracket debonded tooth
surface.

Materials and Methods: Fifty-five sound permanent premolars
were collected for this study. After mounting, bracket bonding
and bracket debonding, the teeth were randomly divided into
five groups. Artificial enamel caries was created by immersion
of the samples in the demineralization solution. The enamel
surface treated as following: Group A (n=11): Baseline (no
demineralization and no treatment). Group B (n=11): Control
negative (artificial saliva only), Group C (n=11): CPP-ACFP
paste, Group D (n=11): 5% Sesamum indicum oil (pastel). Group
E (n=11): 10% Sesamum indicum oil (paste2). Eight samples
from each group were subjected to a surface microhardness test
(SMH) and three samples from each group were subjected to
scanning electron microscope (SEM) with energy dispersive
X-ray spectroscopy (EDX) after 30 days of treatment. One-way
analysis of variance (ANOVA), and Kruskal-wills tests were
used to determine the significant differences between the groups.
The statistical outcomes were considered significant at p < 0.05.
Results: (ANOVA) results of SMH revealed a statistically
significant difference in surface micro hardness after
treatment among the study groups and the greatest mean
value of surface microhardness was seen in 5 % Sesamum
indicum oil (pastel) after the baseline group. Kruskal-wills
test outcomes of EDX showed no significant difference after
treatment among the treatment groups. SEM observations
showed occlusion the craters of enamel rods and well-
sealed interprismatic cavities of enamel after treatment.
Conclusion: The Sesamum indicum oil used in this study
exhibited potential remineralization in subsurface enamel
lesions when compared with CPP-ACFP.

Key words. CPP-ACFP, debonding,
remineralization, sesamum indicum oil.

demineralization,

Introduction.

Dental enamel, the almost mineralized tissue in the human
body, builds the protective external layer of a tooth’s crown [1].
During orthodontic treatment, a widely trained field in dentistry
that aims to correct malocclusions and enhance the esthetics and
functionality, it has an inherent potential for causing defects to
enamel in the course of bonding and debonding procedures such
as enamel cracking during de-bracketing procedure or enamel
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damage by grinding residual adhesive through the clean-up
procedures or interproximal enamel stripping and may induce
white spot lesions, enamel wear and discoloration [2]. White
spot lesion (WSL), illustrated clinically, as opaque white zones
on the tooth surface produced by loss of minerals beneath
the outermost enamel protective layer, can be an unfortunate
consequence of orthodontic treatment; while prevention of
these unsought lesions is the objective of each orthodontist;
the prevalence of WSLs after orthodontic treatment has been
reported to be 5 to 97% [3].

The minimal invasive dentistry model, incipient carious
enamel lesion must be treated with non-invasive strategies of
remineralization. For that purpose, dentists use topical gels,
mouthwashes, varnishes, and dentifrices containing fluoride to
treat WSLs [4]. Nowadays, various non-fluoride remineralization
systems are available, and casein phosphopeptide-amorphous
calcium phosphate (CPP-ACP) is one of the gold standard of
medical treatment for early carious lesions of enamel which is
categorized as bioavailable calcium phosphate remineralizing
agent [5].

Casein phosphopeptide-amorphous calcium phosphate, a
bioactive agent that based on dairy products, which is made
of milk protein casein. CPP-ACP that combine with fluoride
(900 ppm) forms a casein phosphopeptide-amorphous calcium
fluoride phosphate (CPP-ACFP) complex. CPP can stabilize the
high concentrations of calcium, phosphate and fluoride ions and
can remineralize enamel subsurface lesions, the major product
formed when remineralisation is undertaken with CPP-ACFP
is fluorapatite, which is highly resistant to acid dissolution
[6]. Natural products have several applications in medical and
dental practice [7,8] such as in tooth movement [9], improving
of orthodontic adhesive properties [10,11], in addition to
remineralization system by natural agents that have proposed
due to its biocompatible, available with longer shelf life, cost-
effective and wide safety margin [4]. Recently, several herbal
creams have been introduced to dental practice, and many
toothpastes, dental gels, mouthwashes, and related products
have been formulated and evaluated for caries management and
control [12].

Sesamum indicum (Sesame) oil is selected for the present study
due to its already proven health benefits and easy availability
in the household, Sesamum indicum often known as “seed
of immortality”, and has been considered as a gift of nature
[13]. Also designated as the “queen of oilseeds” due to their
higher contents of oil, protein, minerals as phosphorous, and
calcium [14]. However, the available data regarding the effect
of Sesamum indicum on enamel surface is infinitesimal.

Aims of the Study.

The aims of this study are to evaluate the effects of Sesamum
indicum oil incorporated in a paste formula on the demineralized
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enamel after debonding, considering the minimal evidence about
the potential effect of Sesamum indicum oil on WSLs. Also, to
compare the Sesamum indicum oil effect with CPP-ACFP.

The Null Hypothesis.

The null hypothesis was tested that there are no statistically
significant differences in the SMH and SEM-EDX of the enamel
that artificially demineralized among the treatment group.

Materials and Methods.

This in vitro study was undertaken at College of Dentistry,
University of Mosul from March to June 2024 (Ethical approval
no. UoM. Den 23/63. November 15, 2023).

The materials used for this study was CPP-ACFP (GC
America Inc. / USA) and Sesamum indicum oil (Sigma-
Aldrich, Mexico). A total of 55 permanent premolar teeth were
carefully chosen from patients due to orthodontic reasons and
were arbitrarily divided into five groups, each group (n = 11).
The sample size was calculated considering 80 % power and a
statistical significance level of 0.05. According to the treatment
of enamel surface, samples divided as following: Group A:
Baseline group (no treatment carried out).; Group B: Control
negative group (the samples were subjected to demineralization
solution only); Group C: demineralized samples followed
by application of CPP-ACFP paste; Group D: demineralized
samples followed by application of 5 % Sesamum indicum
(paste 1); and Group E: demineralized samples followed by
application of 10 % Sesamum indicum (paste 2). All the samples
were stored in artificial saliva at room temperature and after
30 days, 8 samples were subjected to surface microhardness
using Vicker’s microhardness tester (SMH) and 3 samples for
Scanning electron microscopy-energy dispersive X-ray analysis
(SEM-EDX).

The collected teeth were rinsed with tap water thoroughly
and cleaned to remove the remaining tissue debris and blood
by using soft toothbrush. These teeth were collected and
inspected visually checked using an LED light for examination
and evaluation the buccal surfaces of teeth to ensure that the
selected teeth undergoing the inclusion criteria as follow: The
teeth should be free from dental caries, white spot lesions,
discoloration, fluorosis, enamel developmental abnormalities
or disorders, hypoplasia, evident cracks, fractures as well
as restored buccal surfaces. Until use, the samples are stored
in 0.1% thymol solution as an antimicrobial agent at room
temperature [15].

Sample Preparation.

Plastic rings were employed and filled to about half by
dental stone, after setting of the stone, positioning the tooth
perpendicular to the ring’s base in the center of it by a sticky
wax. The ring was fitted on the surveyor’s base for parallelism
then the ring was filled with cold cure acrylic resin until
cemento-enamel junction [16]. And after complete setting of
acrylic resin, polishing all the samples with non-fluoridated
pumice.

The buccal surface of enamel was etched with 37%
phosphoric acid (Maquira, Brazil) for 30 seconds, then washed
by water spray forl5 seconds, and dried with compressed air
for 10 seconds. Premolar standard 0.022 edgewise brackets
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(Dentaurum, Germany), were bonded with the fluorescent
orthodontic adhesive (FIX, Maquira, Brazil) and light-cured
(Woodpecker, Jiangsu, China) for 10 seconds on each side
(total 40 seconds) [17]. After bonding procedure, all samples
were stored in distilled water at room temperature for 24
hour and subsequently the bracket was removed by universal
testing machine (GESTER, Fujian, China) [16]. The remaining
adhesive was removed from the buccal surface (Figure
1A) using truncated cone rounded-end, carbide bur (Ortho
Technology, England) in a high-speed handpiece with water
cooling (300,000 rpm) according to the manufacture instruction
of the debonding bur, for 20 seconds until no residue remained
that can be visible by the fluorescent tracker of the orthodontic
adhesive that used, then using a sof-lex polishing disc (Tor VM
/ Russia) in a low-speed handpiece [17].

Preparation of Artificial Carious Lesions.

The middle third of the buccal surface was protected by adhesive
tape (5 x 5Smm in size), and the entire surface of each tooth was
sheltered by acid-resistant nail paint. The tape was detached,
leaving a 5 x 5Smm window on the buccal surface. Each tooth
was immersed individually in 15 ml of demineralizing solution
for 96 hours (Figure 1B). The demineralizing solution consist of
2.2 millimole NaHzPQOs, 2.2 millimole CaClz, 0.05 Mole acetic
acid with 1 Mole KOH to obtain the pH of 4.4 using a pH meter
(PH-009(I) A pen type, China) at 37°C [18]. The demineralizing
solution was replaced every 24 h to maintain the pH constant.
Sesamum indicum (paste 1) Preparation.

First, carboxymethyl cellulose (CMC) solution prepared by
dissolving 1% (w/v) CMC in hot distilled water, and by using
a magnetic stirrer (hot plate and magnetic stirrer; Labnet,
Mexico) that employed at 500 rpm with 40 °C for 30 min until
full dissolution. Concurrently, a 1% (w/v) sodium lauryl sulfate
(SLS) dissolved in distilled water in another backer to form SLS
aqueous solution. Consequent polymerization was induced by
adding SLS solution and 30% (w/v) sorbitol gradually to the
CMC solution using magnetic stirrer at 40°C for 15 min and 300
rpm to obtain a homogenic mixture [5]. A 5% (v/v) Sesamum
indicum oil (Sigma-Aldrich, Mexico) adding to the mixture
dropwise, very slowly with continuous stirring. 0.1% (w/v) of
methylparaben as preservative and 0.5% (w/v) titanium dioxide
used as opacifier were added with stirring gently at room
temperature until paste like formation [19]. Finally, filled the
prepared paste in a dark and closed plastic container that labeled
as 5 % Sesame and stored in refrigerator until used.

Sesamum indicum (paste2) Preparation.

The same procedure of Sesamum indicum (pastel) preparation
except that 10 % Sesamum indicum oil (Sigma-Aldrich, Mexico)
was used, and the prepared paste was labeled as 10 % Sesame.

Experimental Paste Application.

The samples of C, D and E groups were treated with
experimental paste via painting through the buccal window with
amicro brush applicator by CPP-ACFP paste (GC America Inc. /
USA), Sesamum indicum (paste 1) and Sesamum indicum (paste
2) respectively as in (Figure 1C), according to the manufacturer
instructions of CPP-ACFP paste (twice daily), left undispensed
for 3 min at that time spread in a circular motion over the surface



(a) (b)
Figure 1. (a) removal of adhesive remanent, (b) sample in
demineralizing solution, and (c) sesame paste 1 application.

Figure 2. Microscopic image from a micro hardness optical microscope
(%400) viewing the power of micro indentations from the external
enamel surface.

for 1 min and then washed away with deionized water for 30s
after 5 min [20].

All the samples in all groups were stored in artificial saliva
during (30 days) at 37°C. The composition of artificial saliva
according to Taqa et al. (2019) was as follows: 0.4g KCL, 0.4g
NaCL, 0.780g NaH,PO,2H,0, 0.795g CaCL,.2H,O, 0.005g
NaS,.H,O and 1g urea dissolved in 1L deionized water and
adjusted to pH 7 by KOH [21], replaced every 24 h with fresher
one to keep pH constant (Figure 1).

Surface Microhardness Test.

Using Vicker’s microhardness tester (HVS 1000, Lian gong
testing technology Co. Ltd, China). A load of 500g for 15 sec.
was applied on the exposed enamel window of the specimens
that were constant at the entire study for all the samples [22].
The diamond pyramid indent was measured for length and
depth digitally using an optical microscope as shown in (Figure
2), measured on the surface of each specimen at 3 points, and
the microhardness mean value was calculated.

SEM and EDX Analysis.

Three specimens from each group were used for this analysis,
the samples were decoronated from the mold and 8 mm in height
rubber rings poured with cold cure acrylic resin used to hold
the coronal portions of the teeth with the labial surface facing
upward then dehydrated by ethanol, air dried and gold coated by
sputter coater (Quorum, Q300T T, USA). SEM (Zeiss, version
7.01, Germany) investigated the surface morphology of enamel
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sample with accelerating voltage of 13 kV. The chemical
composition of the surface enamel lesion was examined by
EDX.

Statistical Analysis.

The SPSS program version 26 software (IBM SPSS Statistics,
IBM, Armonk, NY, USA) was used for data analysis, which
included:

1. Testing the normality of data distribution using the Shapiro-
Wilk test.

2. Descriptive statistics which include mean and standard
deviation for each individual variable.

3. Duncan’s multiple comparison test combined with one-way
analysis of variance (ANOVA).

4. Kruskal- Wallis test.

The significance level set at p < 0.05.

Results.

Surface Micro Hardness Results: The mean + standard
deviation of the samples in all groups are shown in Table 1.
According to Shapiro-Wilk test, all the data were normally
distributed. One-way ANOVA and Duncan’s post hoc test
multiple comparisons in Table 2 and Table 3 respectively,
revealed a significant difference between the base line, control
negative and the three treatment groups (p < 0.05). The baseline
group had the highest surface microhardness mean value,
although there was no statistically significant difference between
the samples treated with CPP-ACFP paste, Sesamum indicum
(paste 1) and Sesamum indicum (paste 2) but the 5% Sesamum
indicum (paste 1) had the highest mean value with significant
increase difference to the control negative group.

Table 1. Mean + standard deviation of SMH.

Groups N Mean + SD

Base line 8 388.27 +£62.47
Control negative 8 130.15 + 39.89
CPP-ACFP 8 211.12+91.13
Sesamum indicum 1 8 215.00 +77.75
Sesamum indicum 2 |8 142.52 + 89.25

Table 2. One-way ANOVA of SMH.

Sum of Mean
Squares df Square F p-value
Between 339697.826 4 84924457 15267 0.000*
Groups
Within 194692.165 35 5562.633
Groups
Total 534389.991 39
*Significant at p < 0.05
Table 3. Duncans post hoc test of SMH.
Groups N Mean
Base line 8 388.27 A
Control negative 8 130.15C
CPP-ACFP 8 211.12B
Sesamum indicum 1 8 215.00 B
Sesamum indicum 2 8 142.52 BC

Means in the column with different letter values denote statistically
significant differences (p<0.05)




Micro Morphological Observation.

Scanning electron microscope images of an untreated enamel
surface (base line group) showed intact, normal, flat without
irregularities and low superficial roughness with scratches can be
evident at (3000 X) as a result of removal procedure of adhesive
remanent which including finishing and polishing process
(Figure 3A). SEM of the demineralized enamel (control negative
group) at magnification (3000 X) revealed irregular surface
with discontinuity, scratches and roughness consequential from
the dissolution of the enamel by the demineralizing process
in addition to the debonding procedure (Figure 3B). In the
enamel surface treated by CPP-ACFP paste, SEM showed the
deposition or formation of disaggregated nanoclusters with a
globular structure deposit that formed on the enamel surface and
occluded the enamel rods, the honeycomb pattern can be observed
at high magnification (5000 X) (Figure 3C).

Scanning electron microscope images of enamel surface
treated by Sesamum indicum (paste 1) revealed amorphous,
several white precipitations of inorganic material of different
sizes and shapes deposited at the surface forming dense crystals
that occluded enamel surface porosities or the craters of enamel
rods and sealed interprismatic cavities of enamel rods at high
magnification (5000 X). Note that the honeycomb pattern or
keyhole pattern cannot be observed, dissimilar to those of the
CPP-ACFP that was evident. (Figure 3D). SEM of the enamel
surface treated by Sesamum indicum (paste 2) revealed flat
enamel surface without any defect with less roughness, less
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irregularities, no craters were seen with more density of enamel
surface at magnification (3000 X) (Figure 3 E).
EDX Results.

The mean £ SD of the calcium (Ca*™), phosphorus (P) and
fluoride (F) elements in weight percentage in addition to Ca/P
ratio of all groups with Kruskal-Wallis test are shown in Table
4. There were no statistically significant differences according to
the Kruskal-Wallis test between Ca*™, P-, F- elements and Ca/P
ratio among the study groups. But CPP-ACPF had the highest
mean value of calcium in weight percentage.

Table 4. Mean + standard deviation and Kruskal-Wallis test of EDX
Sfor all groups.

Groups N Ca™ P F Ca/P
Base line 3 30.86+6.9 ﬁ” * 14206 1.69+024
. 17.70

Control negative 3 [28.96+£4.0 DN 1.2+034 1.64+0.18
32.03 + 16.70 +

CPP-ACFP 3 10.6 25 1.5+04 1.88+0.41

Sesamum 2490 + 15.13 +

indicum 1 3 109 22 2.1+1.0 1.58+0.64

Sesamum 3260686 180F 5110 161+034

indicum 2 2.0

Kruskal-Wallis |15 2.267 2.100 2.923 1.060

p-value 0.687 0.717 0.571 0.901

*Significant at p < 0.05
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Figure 3. SEM micrographs of: (A) an untreated enamel, (B) a demineralized enamel, (C) an enamel treated by CPP-ACFP, (D) an enamel treated

by Sesame paste 1, and (E) an enamel treated by Sesame paste 2.
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Discussion.

Sesamum indicum oil is an aromatic oil extracted from
Sesamum indicum seeds and is a traditional product from the
prime processing of Sesamum indicum seeds, which can be
used as an edible oil [23]. It has a golden yellow color with
pleasant flavor and is reasoned as a main source of energy,
contains a high percentage of fatty acids [14]. Sesamum indicum
oil is rich in unsaturated fatty acids, mainly oleic and linoleic
acids and saturated fatty acids such as palmitic and stearic
acids [24]. Many in vivo and in vitro studies that conducted on
Sesamum indicum oil as oil pulling, mouthwash in addition to
microbiological studies as well as incorporation of Sesamum
indicum oil with dental material to improve its properties, but
there is no available data about the potential remineralizing
capacity of Sesamum indicum oil on tooth structure especially
the enamel [25,26].

In current study, surface microhardness test (SMH) and
Scanning electron microscopy-energy dispersive X-ray analysis
(SEM-EDX) were used to assess the enamel remineralization.
SMH is the most appropriate and extensively used test to
measure the structural integrity and the mechanical properties
of the enamel. Vickers microhardness tester is a simple, easy,
rapid and nondestructive approach used [27]. SEM is mainly
a method for the study of morphology and structure, at a wide
range of magnifications, it is sensitive to changes in hard tissue
surface characteristics [27]. EDX is a quantitative X-ray micro
analytical technique that provides information around the
chemical compositions of the targeted part of a specimen, it can
denote specific elements in a histogram scheme by the number
of amounts [5].

With respect to CPP-ACFP group, many studies showed
the CPP-ACFP has an acceptable remineralization effect,
and such an outcome has been discoursed formerly in several
demineralization remineralization researches [5]. The current
study approves with similar preceding researches that concluded
the surface microhardness of enamel increased after application
of CPP-ACFP [5, 28]. SEM observations revealed the ability
of bioavailable minerals to remineralize the lesion, it appears
as a nanocluster deposits that occluded the enamel rods, also
EDX recorded a higher Ca/P ratio of remineralized lesion than
in other study groups which run in accordance with Reynolds
(2009) that emphasized the ability of CPP-ACFP nanocomplex
to firmly bind to the enamel surface, affording a reservoir of
bioavailable calcium and phosphate ions [29].

Regarding Sesamum indicum groups, 5% Sesamum indicum
(paste 1) had the highest value of SMH after base line group
with no significant difference with CPP-ACFP and 10 %
Sesamum indicum (paste 2) but with significant difference to the
control negative group. Although, there is a difficulty in direct
comparison with previous studies as there are limited data about
the use of Sesamum indicum oil in cariology studies. Generally,
the result is agreed with Aziz (2022) study who assessed the
effect of Sesamum indicum oil on the surface micro hardness of
root dentine. He mentioned that the Sesamum indicum oil could
be compensated the reduction in minerals due to Sesamum
indicum rich in calcium and minerals [30].
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The results also in agreement with Tanevitch et al. (2020)
who evaluated the remineralizing effects of Sesamum indicum
extract rather than oil on eroded enamel and concluded that
the eroded enamel surface subjected to the Sesamum indicum
solution revealed a greater hardening and less roughness [31].
Another in vitro study established the remineralization efficacy
of Sesamum indicum seed extraction in a gel formula on the
demineralized enamel by Rezvani et al. (2017). They recorded
that the Sesamum indicum extraction could increase the surface
hardness of enamel after exposure to acidic beverage when
compared with fluoride gel [32].

The increase in SMH values of samples treated with Sesamum
indicum group can be attributed to the Sesamum indicum rich
in calcium and minerals [30]. Or may be qualified to the nature
of Sesamum indicum oil, as Sesamum indicum oil is one of the
most popular flavored essential oils [33]. It is very probable
that the activity of essential oils cannot be attributed to a
specific mechanism but to the presence of a large number of
target locations in the cell [34]. So, this may be explaining the
potential hardening and micrographs of the samples treated with
Sesamum indicum oil.

Scanning electron microscope micrographs revealed
remarkable morphology variation between groups, samples
treated with Sesamum indicum (paste 1) showed the deposition
of an uneven material on the surface of the demineralized
enamel and blocked the pores formed by the loss of minerals
and this similar to Tanevitch et al. (2020) outcomes [31].

Energy dispersive X-ray spectroscopy results showed no
significant difference among the groups but the Ca/P ratio of
samples treated with Sesamum indicum oil were less in contrast
with other samples of study groups, this may be attributed to
the samples heterogeneity, as there are several differences in the
chemical content of enamel structure reported by many studies
and such differences may be related to tooth age, drug effect and
absorbed fluoride content [35].

On the other hand, the oil may act as a diffusion barrier on
the enamel surface that prevents the minerals movement and
equilibrium that occur between enamel surface and artificial
saliva, this can be matched with study by Buchalla et al (2003)
who found the samples that pretreated with olive oil before sever
demineralization condition revealed a significant reduction of
mineral loss, and attributed that to the presence of a film of lipid
at the enamel surface may turn as a protective covering and the
lipid may increase in the outer most layer of enamel, slowing the
diffusion of minerals and acids during carious conditions [36].
According to this concept, we can speak about the Sesamum
indicum oil may have an anti-erosive effect on the enamel
surface and this required further in vitro studies to prove that.

According to Banjar et al. (2017) [37] the minimal inhibitory
concentration (MIC) of Sesamum indicum oil against
streptococcus mutans is 5 % and despite there is no significance
differences of the SMH and EDX between 5% Sesamum indicum
(paste 1) and 10% Sesamum indicum (paste 2) in the current
study, but 5 % Sesamum indicum had the highest mean value of
SMH , the reasons for the disparity in SMH between Sesamum
indicum 1 and Sesamum indicum 2 in this study could be due



to the concentration of oil, as the more concentration was less
effective which possibly relates to its low polarity and therefore
less affinity and less adhesion to the tooth surface [38]. So, we
can conclude that 5% concentration of Sesamum indicum oil is
preferable.

In this study, Sesamum indicum oil used in a paste formula
other than other formulation such as slurry or emulsion because
the paste can be firmly bound to the enamel surface, providing
biofilm super saturation with components and maximizing the
potential effect with longer contact interval and greater safety
in the mouth, whereas in the slurry form or emulsion, had less
contact time with the tooth surface that’s could be not efficient
in addition may be difficult for patients [39].

Limitations of the Study.

Some limitations are encountered during the work of the
current study such as reproducibility was not possible in this
study as the enamel surface not prepared with abrasive paper
for obtaining flat surface because the studied surface was
previously involved with debonding procedures in addition to
adhesive remnant removal process. Also, the samples in current
in vitro study might be differed in their quality in spite of the
fact that the same areas of enamel surface are used to have
comparable region from different teeth with probable similar
chemical properties.

Conclusion.

Although the observed effect of Sesamum indicum oil on the
enamel surface in comparison with CPP-ACFP was similar in
respect with surface microhardness but it could be very early
to draw conclusion around the clinical outcome currently.
Further investigations and research are required in the future
to understand the effect of Sesamum indicum oil on the
demineralization remineralization dynamics at the enamel tooth
surface.
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