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ARTICLE INFO ABSTRACT

Article history: Background: This research work was designed to appraise and equate the remineralizing efficiency of two
Received 21-04-2023 calcium-based phosphate delivery agents, Casein Phosphopeptide-Amorphous Calcium Phosphate (CPP-
Accepted 10-05-2023 ACP) and Calcium Sucrose Phosphate (CaSP) for preventing the development of White Spot Lesions
Available online 26-06-2023 (WSL) around the orthodontic brackets.

Materials and Methods: Forty orthodontically removed premolar teeth were randomly allocated to Group
1(n=20) - (CPP-ACP) and Group 2(n=20) - (CaSP). All the specimens were subjected to FESEM and EDS

gey;w:lrds:. brack analysis before the initial demineralization phase and after 14 days of the pH cycling phase, to observe
Wr}t1 0 onncl r.ac e\t;SL and record changes in surface topography and mineral content (Ca/P ratio % wt.). Statistical data for the

lt,e spot' esllon ( ) Intragroup comparison were analyzed by using Paired sample t-test, whereas for the Intergroup comparison,
Remineralization

an Unpaired t-test was performed. Furthermore, the One-way ANOVA test was applied for comparing
Intragroup data and the Post-hoc Tukey test was applied to compare Intergroup data.

Results: Group 1 samples showed an 11.3% increase in remineralization and Group 2 samples showed
a 21.3% increase in remineralization, indicating a statistically significant (p < 0.05) 11% of greater
remineralizing efficiency of CaSP.

Conclusion: The use of Calcium Sucrose Phosphate (CaSP) tooth cream around the orthodontic brackets
seems to produce significantly better remineralization effects.
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1. Introduction thereby impeding the innate self-cleaning capacity of
salivary flow and perioral muscles. > The demineralization
and remineralization process of the enamel surface is
a dynamic and continuous mechanism that can lead to
initial demineralization, progress to non-cavitated lesions,
and eventually, produce cavitated lesions.? According to
Fejerskov and Kidd, white spot lesions (WSL) are the
forerunner of caries that can be easily perceived with a
" % Corresponding author. bare eye.® The development of minute lines around the
E-mail address: mohsynaslam @ gmail.com (M. A. Wani).

Fixed orthodontic appliances and bonding of attachments
to the teeth cause debris accumulation on tooth surfaces
that generally are not susceptible to caries, creating
stagnation areas for plaque and making it difficult to
achieve good oral hygiene. Since orthodontic brackets,
bands, and arch wires also have significant rough surfaces,
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brackets should be suspected of developing into White spot
lesions (WSL), but they may also present clinically as
large and visible decalcified areas with or without cavity
formation.* Patients susceptible to acquiring White spot
lesions (WSL) include patients with poor dental hygiene
(pre-treatment and intra-treatment), preadolescent age when
the orthodontics treatment is started, a high DMFT index,
greater duration, and larger area for etching.> A significant
increase has been reported in the prevalence of these
lesions around the bracket bases or underneath the bands,
facially and lingually, especially in cervical areas and
gingival margins of the teeth.® Experimentally, White spot
lesion (WSL) can be induced in just a span of 4 weeks,
i.e., within two clinical appointments.® The incidence of
White spot lesions (WSL) has a wide variation and ranges
from O to 97%. This variation has been attributed to
several factors, such as individual differences in tooth
structure, salivary composition and flow, frequency of tooth
brushing, the area between the free gingival margin and the
bracket, use of bands or bonded attachments, differences in
sample size and methodology to assess.”® Although some
remineralization of White spot lesions (WSL) occurs from
bioavailable ions present in saliva, once the appliances are
removed. However, the remineralizing potential of saliva
is insufficient and progresses gradually.®-!! Consequently,
remineralization of teeth using an exogenous source of
critical ions, such as casein phosphopeptide-amorphous
calcium phosphate (CPP-ACP), calcium sucrose phosphate
(CaSP), etc have been emphasized. Therefore, with this aim
in focus, the current in-vitro investigation was undertaken
to measure and relate theeffectiveness of two calcium-
based phosphate systems on demineralized enamel surfaces
around orthodontic brackets and attachments.

2. Materials and Methods

Forty therapeutically removed premolar teeth (Figure 1)
were collected from patients reporting to the Post-graduate
Clinic of Orthodontics and Dentofacial Orthopedics, Career
Post Graduate Institute of Dental Sciences & Hospital,
Lucknow for orthodontic treatment and were arbitrarily
allocated into two sets of twenty teeth each, designated as
Group 1 and Group 2, respectively. Permission for this in-
vitro study was acquired from the University ethics board,
and informed consent was obtained from each patient.

Fig. 1: Extracted tooth samples placed in 10 ml storage containers

2.1. Composition of remineralizing agents

Agent 1: Tooth Mousse® topical tooth cream by GC
containing glycerol, CPP-ACP (casein phosphopeptide -
amorphous calcium Phosphate), D-glucitol, colloidal silica,
propylene glycol, sodium carboxyl methyl cellulose, guar
gum, titanium dioxide, xylitol, phosphoric acid, zinc
oxide, ethyl 4-hydroxybenzoate, propyl 4-hydroxybenzoate,
magnesium oxide, sodium saccharin. Agent 2: Toothmin
(Abbott Healthcare) tooth cream containing calcium sucrose
phosphate, colloidal silica, sodium saccharine, sorbitol,
glycerine, distilled water, cocamidoproply betain, titanium
dioxide, propyl hydroxybenzoate, sodium carboxy methyl
cellulose, methyl hydroxybenzoate. (Figure 2).

Fig. 2: a) Wax sheet, b) LED curing light, ¢) Acid resistant nail
varnish, d) Remineralizing agent 1, ) Remineralizing agent 2

2.2. Sample preparation

All the sample teeth were immersed in 10% formalin
immediately after therapeutic extraction and were subjected
to careful washing with normal saline to eliminate all the
soft tissue attachments and remnants. A window cover of
nearly 4mm X 4mm on the enamel surface was created
with the help of wax sheets (Figure 3 a), at the buccal
aspect, in the centre of each sample tooth crown and
the remaining uncovered buccal surfaces were coated with
an acid impervious nail paint. Wax was removed and
Orthodontic brackets were bonded (Figure 3 b & c) onto
the centre of exposed surfaces of each sample, leaving
only a few mm of an uncoated tooth surface adjacent
to the bracket margins, and represents the delineated
area studied for the changes induced by demineralization
and remineralization process. 37% Orthophosphoric acid
Tooth Conditioner Etching Gel (Dental Products of India)
was used for etching. Conventional Transbond XT Light
Cure Adhesive Paste and Adhesive Primer were used to
bond MBT 0.022 slot 3M Unitek Gemini Metal Brackets
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(Figure 4). Group 1(n=20) -(CPP-ACP) and Group 2(n=20)
-(CaSP), were subjected to FESEM and EDS analysis before
the initial demineralization phase to observe untreated
surface topography and record the reference mineral content
(Ca/P ratio % wt.).

Fig. 3: a): Wax window of 4x4 mm? created on the buccal surface
of the sample tooth, b): Peripheral varnish coating with bracket
positioned at the centre, ¢): LED Light cure application

Tooth Conditioner Etching Gel

PR~ 5/ : .
il Unitek™ Miniature Twin

Fig. 4: a): Applicator brush, b): Light cure adhesive paste, c):
Etching gel, d): Metal brackets, e): Light cure adhesive primer

2.3. Artificial saliva preparation

400 ml of artificial saliva (Figure 5 a) was made as per
the recommendation of Géhring et al. (2003).'? The pH
was adjusted between 6 and 7. Small container plastic bo
xes filled with 10 mL of artificial saliva were used to store
the samples till they were subjected to the experimental
procedure. The artificial saliva, therefore, served as a storage
medium and a vehicle for the mobility of remineralizing
ions in this process.

2.4. Demineralizing solution preparation

2.2 mM Potassium dihydrogen phosphate, 2.2 mM Calcium
chloride and 0.05 M Acetic acid (Ten Cate et al. 1982)13
were used to formulate 400 ml of demineralizing solution
(Figure 6 b). The pH of the prepared solution was regulated
at around 4.4-5.5 a) by the addition of 1 M Potassium

Fig. 5: a): Chemicals used for preparation of artificial saliva, b):
Chemicals used for preparation of demineralizing solution

hydroxide.

2.5. PH cycling model

A 24-hour Model for pH Cycling was formulated, similar
to the recommendations of Itthagarun and Wefel (2000). 14
Each prepared tooth sample was subjected to a 14-day pH
cycling process, that consisted of immersion in the 10mL of
demineralizing solution for up to 6 hours incubated at 37°
C and then in the 10mL of remineralizing solution for up
to 18 hours (overnight) incubated at 37° C (Figure 6 b). For
Group 1 specimens, CPP-ACP and for Group 2 specimens,
CaSP remineralizing agent was meticulously applied with
the help of a 3M applicator brush over the exposed areas
adjacent to bracket margins for 1 to 2 minutes, before the
onset and 2-3 times during the remineralizing phase for
a period of 14 days. Samples were thoroughly rinsed for
30-60 seconds with distilled water before placing them in
counter solutions, to prevent any cross-reaction of chemical
ingredients and affect the process.

2.6. FESEM and EDS analysis

During the pH Cycling procedure, FESEM (Field
Emission Scanning Electron Microscope) analysis to
qualitatively evaluate the superficial variations in the enamel
configuration and EDS (Energy Dispersive Spectroscopy)
analysis for quantitatively measuring the inorganic elements
(Ca/P ratio) of each sample was performed on day 1 (TO)
and day 14 (T1). Each specimen was dried with the
aid of Critical Point Drying (CPD) machine (Figure 6
c), then subjected to gold sputtering (Figure 6 d & e)
and followed by examination by means of the Scanning
Electron Microscope (Model: JSM 7610F, JEOL India
Private Ltd.) at 15kV. Three SEM photomicrographs were
captured at 1500x magnifications at the Occlusal, Middle,
and Cervical 1/3"?of each specimen. The image with the
best clarity was selected for observation (Figure 7 a to f).
The EDS study at the three spots was carried out in the same
manner, and the average value of the three measurements
was noted. EDS Detector LN2 free, Peltier cooled, Octane
Plus Model with T-EAM Software support (30 mm? and
127eV resolution) was used that operates as an inbuilt
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Fig. 6: a): Demineralization solution pH adjusted at 4.4, b): Incubator, ¢): Critical Point Dryer (CPD), d): Gold sputter coater machine,

e): Samples inside gold sputter machine

component of the scanning electron microscope imaging.
The inorganic elements were electronically identified and
the digital output for each was interpreted and recorded.

2.7. Statistical analysis

Paired sample t-test was applied for Intragroup assessment,
whereas for Intergroup comparison, an Unpaired t-test was
done. Two-tailed (a@=2) P value < 0.05, was regarded
as statistically considerable. Furthermore, the One-way
ANOVA test was applied to equate Intragroup data, and
the Post-hoc Tukey test was applied to compare Intergroup
data. The outcome measure of the study was the Calcium
and Phosphate Ratio (Ca/P). Data Analysis was performed
on the latest SPSS® Statistics v22.0 software. Substantial
variations in the calcium and phosphate ratios of the
reference, demineralization, and remineralization groups of
the samples were reflected.

3. Results

Demineralization and remineralization of Group 1 and
Group 2 demonstrated a statistically substantial difference
(P value< 0.05) in the ratio of both the calcium and
phosphate ions, signifying the net increase of both calcium
and phosphate particles after the remineralization phase.
Gain in the mean value of Ca & P ion ratio was observed
from 1.55 to 1.663 for Group 1 and from 1.5605 to

1.7730 for Group 2, as described in Tables 1 and 2,
respectively. A graphic representation of the Ca/P ratio
between demineralization and remineralization for both
groups is shown in Graph 1 and Graph 2. Results of
Group 1 and Group 2 were compared and a statistically
considerable difference (P value< 0.05) in the proportion
of calcium and phosphate particles was recorded, specified
by a relatively greater net gain of calcium ions in Group
2, as evident statistically by the greater mean value 1.7730
of remineralization in Group 2 in contrast to the mean
value of 1.6630 for the remineralization in Group 1. A
graphic representation of the disparity in calcium and
phosphate ion ratio between remineralization in Group 1
and Group 2 is depicted in Graph 3. The intra-group
assessment was done by using Paired t-test and for the
inter-group assessment, an Unpaired t-test was further
used to statistically calculate and compare the amount of
remineralization (Percent Change) achieved by Group 1
Agent (CPP-ACP) and Group 2 Agent (CaSP), after 14
days of pH cycling procedure. Group 1 samples showed
an 11.3% increase in remineralization (Table 3) and Group
2 samples showed a 21.3% increase in remineralization
(Table 4), indicating a statistically noteworthy (p < 0.05)
11% of greater remineralizing efficiency of Group 2 Agent
than Group 1 Agent, as depicted in Graph 4, respectively.
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Fig. 7: a): Reference Group 1, b): Reference Group 2, ¢): Demineralization Group 1, d): Demineralization Group 2, e): Remineralization
Group 1, f): Remineralization Group 2

Table 1: Demineralization versus remineralization (Group 1)

. S.E. Mean 95% Confidence Interval T

Ca/P Ratio n Mean S.D. Diff. of the Difference value df P Value
Lower Upper

Demineralization 20 1.55 06044

Remineralization 20 1,663 01809 01518 -.14478 -.08122 -7.442 19 .000

P Value: Significant < 0.05, non-significant > 0.05

Table 2: Demineralization versus remineralization (Group 2)

. S.E. Mean 95% Confidence Interval of P
Ca/P Ratio n Mean S.D. Diff. the Difference T value df Value
Lower Upper
Demineralization 20 1.5605 .04662
Remineralization 20 1.7730  .02203 01256 ~23879 -18621 - -16.915 19 000
P Value: Significant < 0.05, non-significant > 0.05
Table 3: Percent change in remineralization (Group 1)
. Mean Difference S.E. Mean 95% Confidence Interval of the
Ca/P Ratio n and Percent Diff. Difference T value df P Value
Change Lower Upper

Demineralization 20 113 (11.3%) 014 0844 01416 8.010 19 000
Remineralization 20
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Table 4: Percent change in remineralization (Group 2)

. Mean S.E. Mean
Ca/P Ratio n Difference Diff.
and Percent
; i7ati Change
Demineralization 20, 556 1%, 012
Remineralization 20

95% Confidence Interval of the

T value df P Value

Difference
Upper

02358

Lower

.01892 18.430 19 .000

P Value: Significant < 0.05, non-significant > 0.05
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Graph 1: Mean Values of Ca/P Ratio of Group 1 (CPP-ACP)
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Graph 2: Mean Values of Ca/P Ratio of Group 2 (CaSP)
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Graph 3: Mean Values of Ca/P Ratio of Group 1 (CPP-ACP)
and Group 2 (CaSP)
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Graph 4: Amount of remineralization (Percent Change) of
Group 1 (CPP-ACP) and Group 2 (CaSP)

4. Discussion

Due to the lack of any residual cellular components, the
enamel surface of the tooth has a distinctive composition
in contrast to both cementum and dentin, incapable to
repair and restore its structure when it gets damaged
by a cariogenic episode. Therefore, loss of tooth enamel
due to demineralization and its subsequent repair through
remineralization is a part of a dynamic and constant process,
governed by the bioavailability of apatite mineral ions in
the saliva. !> Although direct bonding has many advantages,
enamel demineralization in adjoining tooth surfaces of
orthodontic attachments is an irrefutable problem. The
present study focused on a non-invasive approach of using
topical remineralizing agents to prevent demineralization
and perhaps at the same time promote remineralization of
white spot lesions (WSL). An ideal remineralization agent
should have these properties: not merely deliver inorganic
ions of calcium and phosphorous onto the superficial layer,
but be able to penetrate into the deeper layers of the lesion,
not promoting the growth of calculus by delivering an
excess of calcium, should be effective even at acidic pH
values and must sufficiently saturate the saliva with free
ions to enhance its remineralizing capability.'® Although
Fluoride containing dentifrices and topical creams have
been widely used for caries prevention and remineralization,
mainly due to their ability to form calcium fluoride



112 Wani et al. / International Journal of Oral Health Dentistry 2023;9(2):106—113

(CaF,) like precipitates, however, it has been noticed that
the fluoride-mediated remineralization is limited to the
marginal 30 um of enamel layer only (low permeability
of fluoride), thereby compromising both the structural
integrity and aesthetics. Fluoride has also been classified as
a neurotoxicant causing biotoxicity if consumed in higher
concentrations and therefore a safety concern especially
when prescribed in children, it has also been attributed to
causing dental fluorosis, fluoride syndrome (occult caries)
and halo effect/mottling in permanent teeth. !” Furthermore,
several investigations support that topical use of agents
containing fluoride has the potential to impede the process
of bonding by forming globular reaction by-products such
as calcium fluoride and fluorinated calcium phosphate
(fluorapatite) on the etched surface, interfering with the
formation of resin tags and resulting in a significant
reduction in bond strength of dental resins. '®1° An efficient
substitute of the non-fluoride calcium-based phosphate
system, like Casein Phosphopeptide-Amorphous Calcium
Phosphate (CPP-ACP) and Calcium Sucrose Phosphate
(CaSP) is hence needed to repair the demineralized
tooth structure and overcome the shortcomings of using
fluoride. A 14-day pH cycling regime with repeated acidic
challenges was therefore designed, simulating the natural
oral environment. The remineralizing agents were applied
to samples twice a day for 2 weeks, replicating the normal
recommended daily oral prophylaxis. E.C. Reynold?’2!
in his Intra-oral caries study model observed the anti-
cariogenic and sub-surface remineralization ability of a milk
protein derivative, casein. He concluded that casein has a
high affinity for inorganic ions of calcium and phosphate
besides promoting their incorporation within the dental
plaque, in this manner serving as a repository of calcium
and phosphate ions. Furthermore, casein breakdown by
bacteria in the biofilm produces phosphoryl residues that
may raise the plaque pH, augmenting the dissolution of
amorphous calcium phosphate, and also reducing the loss
of tooth surface by strongly binding to the hydroxyapatite.
The outcome of this study aligns with the results obtained by
Reynolds, confirmed by the increase in the mean Ca/P ratio
(1.6630 +/- .01809) indicating a significant (p<0.05) rise in
the concentration of Calcium and Phosphorous ions after
remineralization by CPP-ACP. Calcium Sucrose Phosphate
(CaSP) was originally formulated by Neuberg and Pollak *?
in 1910 by phosphorylation of sucrose with phosphorus
oxychloride. Clinically, it has been proven to decline the
prevalence of caries when introduced as a food additive.??
M. J. Rogerson?* in his study explained the potential of
CaSP in promoting the process of remineralization, by
forming complexes of calcium sucrose phosphate-calcium
orthophosphate, known as “Anticay”, thereby providing
high levels of suspended and readily available inorganic
ions of calcium and phosphate. This compound works

in two ways: Firstly, by producing a common ion effect
that reduces the degree of dissolution in an acidic milieu

while simultaneously enhancing the remineralization ratio
of enamel, and secondly, by adhering to the tooth structure
and deterring plaque formation along with its bacterial acid-
producing process. In this research work, results were in
agreement with most of the previously discussed studies, but
may disagree with some other studies, based on the disparity
in sample size, methodology, inherent tooth structure, etc.
The results of this study may also vary in contrast to
what precisely occurs in an in-vivo environmental condition,
perhaps a limitation for all the in-vitro experimental studies.

5. Conclusion

Prevention of enamel demineralization induced by fixed
orthodontic appliances is still a critical and undesirable
consequence arising during and after the orthodontic
treatment. Therefore, special, and timely attention needs to
be given to the oral hygiene of the patients and advocating
for the regular application of therapeutic preventive agents
to avert the development of White Spot Lesions (WSL).
Several commercially available remineralizing agents can
prevent or even reverse this process. In this in-vitro
study, two such remineralizing agents were evaluated and
compared for their effectiveness and consequently based
on the results obtained, Calcium Sucrose Phosphate (CaSP)
ensues to be relatively a superior source of remineralizing
inorganic calcium and phosphate particles when compared
alongside Casein Phosphopeptide-Amorphous Calcium
Phosphate (CPP-ACP), respectively.

6. Source of Funding
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7. Conflict of Interest

None.

References

1. Zachrisson B, Zachrisson S. Caries incidence and oral hygiene during
orthodontic treatment. Scand J Dent Res. 1971;79(3):394—401.

2. Mount GJ, Hume WR. Preservation and restoration of tooth structure.
2nd ed. Queensland, Australia: Knowledge Books and Software; 2005.
p. 61-82.

3. Fejerskov O, Nyvad B, Kid E. Dental caries: the disease and its clinical
management. 3rd ed. Copenhagen, Denmark: Blackwell Munksgaard;
2015.p. 9.

4. Khoroushi M, Kachuie M. Prevention and treatment of white spot
lesions in orthodontic patients. Contemp Clin Dent. 2017;8(1):11-9.

5. Heymann GC, Grauer D. A contemporary review of white spot lesions
in orthodontics. J Esthet Restor Dent. 2013;25(2):85-95.

6. Qgaard B, Rglla G, Arends J. Orthodontic appliances and enamel
demineralization. Part 1. Lesion development.  Am J Orthod
Dentofacial Orthop. 1988;94(1):68-73.

7. Gorelick L, Geiger AM, Gwinnett AJ. Incidence of white spot
formation after bonding and banding. Am J Orthod. 1982;81(2):93-8.

8. Mitchell L. Decalcification during orthodontic treatment with fixed
appliances—an overview. Br J Orthod. 1992;19(3):199-205.

9. Head]J. A Study of Saliva and its Action on Tooth Enamel in Reference
to its Hardening and Softening. JAMA. 1912;L1X(24):2118-22.



10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

. Cate JMT, Duijsters P.

Wani et al. / International Journal of Oral Health Dentistry 2023;9(2):106—113

Silverstone LM. The Histopathology of Enamel Lesions Produced in
vitro in Teeth Previously Exposed to Calcifying Fluids. Caries Res.
1970;4(1):31-48.

Cochrane NJ, Cai F, Huq NL, Burrow MF, Reynolds E. New
Approaches to Enhanced Remineralization of Tooth Enamel. J Dent
Res. 2010;89(11):1187-97.

Gohring TN, Zehnder M, Sener B, Schmidlin PR. In vitro
microleakage of adhesive-sealed dentin with lactic acid and saliva
exposure: a radio-isotope analysis. J Dent. 2004;32(3):235-40.
Alternating Demineralization and
Remineralization of Artificial Enamel Lesions. Caries Res.
1982;16(3):201-10.

Itthagarun A, Wei SHY, Wefel JS. The effect of different commercial
dentifrices on enamel lesion progression: an in vitro pH-cycling study.
Int Dent J. 2000;50(1):21-8.

Hicks J, Garcia-Godoy F, Flaitz C. Biological factors in dental
caries: role of saliva and dental plaque in the dynamic process of
demineralization and remineralization (part 1). J Clin Pediatr Dent.
2004;28(1):47-52.

Naveena P, Nagarathana C, Sakunthala BK. Remineralizing Agent
-Then and Now -An Update. Dentistry. 2014;4:256.

Philip N. State of the Art Enamel Remineralization Systems: The Next
Frontier in Caries Management. Caries Res. 2019;53(3):284-95.
Gwinnett AJ, Buonocore MG, Sheykholeslam Z. Effect of fluoride on
etched human and bovine tooth enamel surfaces as demonstrated by
scanning electron microscopy. Arch Oral Biol. 1972;17(2):271-8.
Meng CL, Li CH, Wang WN. Bond strength with APF applied after
acid etching. Am J Orthod Dentofacial Orthop. 1998;114(5):510-3.
Reynolds EC. The Prevention of Sub-surface Demineralization of
Bovine Enamel and Change in Plaque Composition by Casein in an
Intra-oral Model. J Dent Res. 1987;66(6):1120-7.

Reynolds EC. Remineralization of Enamel Subsurface Lesions by
Casein Phosphopeptide-stabilized Calcium Phosphate Solutions. J
Dent Res. 1997;76(9):1587-95.

22.
23.

24.

113

Neuberg C, Pollak H. Biochem. Z; 1910.

Food Additives Committee National Health and Medical Research
Council. Application for Approval of Calcium Sucrose Phosphates
as Food Additives. O’Connell St, Sydney, Australia: Colonial Sugar
Refining Company Ltd; 1966.

Rogerson MJ. The role of a calcium sucrose phosphate-calcium
orthophosphate complex in the reduction of dental caries. Aust Dent
J. 1973;18(3):160-6.

Author biography

Mohsin Aslam Wani, Former PG Student

Shantanu Khattri, Professor

Nadeem Hassan, Former PG Student

Shiraz Siddiqui, Consultant Orthodontist

Mohd. Amir, Consultant Orthodontist

Mohd Saeedul Jafar, PG Student

Cite this article: Wani MA, Khattri S, Hassan N, Siddiqui S, Amir M,
Jafar MS. Evaluation of remineralizing efficiency of two calcium-based
non-fluoridated remineralizing agents for the prevention of white spot
lesions (WSL): A comparative FESEM & EDS in-vitro study. Int J Oral
Health Dent 2023;9(2):106-113.




	Introduction
	Materials and Methods
	Composition of remineralizing agents
	Sample preparation
	Artificial saliva preparation
	Demineralizing solution preparation
	PH cycling model
	FESEM and EDS analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Source of Funding
	Conflict of Interest

