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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 (paste1). 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 (paste1) 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, demineralization, 
remineralization, sesamum indicum oil.
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 

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 for15 seconds, and dried with compressed air 
for 10 seconds. Premolar standard 0.022 edgewise brackets 

(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 × 5mm in size), and the entire surface of each tooth was 
sheltered by acid-resistant nail paint. The tape was detached, 
leaving a 5 × 5mm 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 NaH₂PO₄, 2.2 millimole CaCl₂, 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 ℃ 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 (paste1) 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 
a micro 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 
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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 NaH2PO4.2H2O, 0.795g CaCL2.2H2O, 0.005g 
NaS9.H2O 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 

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 
Squares df Mean 

Square F p-value  

Between 
Groups 339697.826 4 84924.457 15.267 0 .000*

Within 
Groups 194692.165 35 5562.633

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                                          130.15 C
CPP-ACFP 8 211.12 B
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)

(a) (b) (c)
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.
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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 

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 
for all groups.
Groups N Ca++ P- F- Ca/ P

Base line 3 30.86 ± 6.9 18.33 ± 
4.4 1.4 ± 0.6 1.69 ± 0.24

Control negative 3 28.96 ± 4.0 17.70 
± 2. 1.2 ± 0.34 1.64 ± 0.18

CPP-ACFP 3 32.03 ± 
10.6

16.70 ± 
2.5 1.5 ± 0.4 1.88 ± 0.41

Sesamum 
indicum 1 3 24.90 ± 

10.9
15.13 ± 
2.2 2.1 ± 1.0 1.58 ± 0.64

Sesamum 
indicum 2 3 26.06 ± 8.6 15.80 ± 

2.0 2.1 ± 1.1 1.61 ± 0.34

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

(D) (E)

(A) (B) (C)

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].

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 
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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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