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Aims: The purpose of the current study is to compare the impact of three different treatment
Received: 3 January 2023 approaches on the surface microhardness of the enamel of third molar teeth. Materials and
Accepted: 15 February 2023 Methods: An in vitro study was done on fifty extracted impacted third molars. All samples were

Available online:1 September 2024 immersed in solutions of pH cycle for 10 days (demineralizing solution for 3 hours, remineralizing
solution for 20 hours, and artificial saliva for 30 minutes twice daily). Then the samples were divided
Keywords randomly into 5 groups according to enamel surface treatment, groupl: Colgate (containing
CPP-ACP. NovaMin Arginine) toothpaste, group2: GC (containing Casein pho_sp_hopeptide-a}morphous calcium
PH cycle ' ' phosphate (CPP-ACP)-tooth mousse, group 3: Sensodyne (containing NovaMin) toothpaste group
T 4. distilled water and group 5: pH cycle solutions. The microhardness numbers were calculated from
Remlnerallzatlon, the length of the indentation on the enamel surface, the indentation length was determined
Third molar. microscopically with 70X magnification. An ANOVA was constructed (value P < 0.05) followed
by Duncan’s post —hoc test for comparisons of mean values. Results: there were significant
differences among the study groups with respect to Vickers microhardness (VMH) mean values of
*Correspondence: samples. The lowest value was for the control group after the pH cycle followed by the Colgate
E-mail: Afrah2@uomosul.edu.iq (containing Arginine) group and the highest value was for the control group before the pH cycle
followed by the Sensodyne (containing NovaMin) group. Conclusions: Sensodyne (containing
NovaMin) toothpaste is more effective in restoring the hardness of artificial WSLs when compared

with GC (containing CPP-ACP) and Colgate (containing Arginine) toothpaste
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INTRODUCTION

The most prevalent side effect of
orthodontic therapy is the development of
white spot lesions ). It is may reach to 73%
of individuals receiving treatment with
fixed orthodontic appliances experienced
WSLs accruement. The most frequent
location for WSLs is in the labio-gingival
WSLs

frequently form around brackets on the

region of the lateral incisors.
buccal surfaces of teeth, especially in the
gingival region @. In the oral cavity,
de/remineralization is a dynamic process
that happens throughout time, a WSL will
form on the tooth surfaces when the delicate
balance between them breaks . Following
the removal of the orthodontic device, it is
typical to see a regression in the emergence
of WSLs

remineralization and brushing abrasion in

as a result of salivary
the presence of good dental and nutritional
hygiene. Depending on the severity of the
lesions, this improvement usually lasts for
about six months after de-bracketing, but it
is insufficient and these WSLs should be
treated @,

Fluoride is a member of the halogen
family. Fluorides are both organic and
inorganic chemicals. Inorganic fluorides are
mostly ingested by living things through
food, drink and air. Initiation of carious
lesions and progression are under the
control of fluoride. The balance between
de- and remineralization can be tipped in
favor of the latter condition by fluoride ©.
When the fluoride ion is present in the

saliva at the proper concentration, fluoride's
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primary and most significant impact is
topical. Bacterial cells are impacted by
fluoride ions in a number of ways, such as
the
enzymes H+ATPases. It influences the

direct suppression of glycolytic
permeability of cellular membranes and
lowers cytoplasmic pH, which reduces the
amount of acid produced during glycolysis
®),

Arginine is a natural component of
human saliva, which is released in free form
with an average concentration of 50 Mm.
The histidine-rich salivary proteins contain
10 to 20 moles percent of Arginine that is
abundantly present in salivary peptides and
proteins and is released by the activity of
proteases and peptidases ©. Arginine is
mostly processed by the arginine deiminase
route (ADS) of certain oral bacteria to
create ornithine, citrulline, adenosine
triphosphate (ATP), CO2, and ammonia.
Ammonia preserves the biofilm and aids in
preventing the transition from a "healthy" to
a "cariogenic" plague by reducing the
acidity of the biofilm and allowing acid-
labile organisms to survive (. After then,

the plaque's pH rises, which encourages

remineralization and lessens
demineralization ®,

Casein is the predominant
phosphoprotein in bovine milk and

accounts for approximately 80% of its total
protein which is typically found as calcium
phosphate-stabilized micellar complexes,
CPP-ACP contains nanocomplexes of milk
protein casein with ACP ©, The ACP-CCP

solution is supersaturated and provides
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Ca?+ and PO4 2 — ions for remineralization

0 By preserving a

supersaturated
condition of vital minerals, it aids in the
remineralization of carious lesions and
prevents  cariogenic  bacteria  from
colonizing tooth surfaces. The integration
of nanocomplexes into plaque and on tooth
surfaces is CPP- ACP's mechanism @Y, The
casein phosphor-peptides (CPP) play a
crucial function in directing the highly
soluble calcium phosphate phase to the
This

subsurface

tooth surface as an ACP carrier.

localization preserves the
enamel's high concentration gradients of
calcium and phosphate ions, which helps
with remineralization 2,

NovaMin was created and patent-
protected by NovaMin Technology, Inc.,
which was acquired by GlaxoSmithKline in
May 2010 @®. Commonly referred to as
calcium sodium phosphosilicate, is made up
of bioactive glass and body-produced
is white, and

minerals. It powdered,

extremely  biocompatible. NovaMin
interacts with liquids like water and saliva,
releasing calcium, sodium, phosphorus, and
silica into the solution to form
hydroxycarbonate apatite crystals that are
identical to the hydroxyapatite crystals that
make up the mineral makeup of enamel @4,
The sodium ions from NovaMin quickly
interchange with hydrogen cations (in the
form of H3 O+) in the aqueous environment
around the tooth, i.e., saliva in the oral
cavity, and this causes the release of Ca%+
and PO4 2 — ions from the glass and

momentary rise in PH. The increased
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calcium and phosphate ions given by
NovaMin assist precipitate to create a
calcium phosphate layer as a result of the
pH This
hydroxycarbonate apatite (HCA) as these

rise. layer crystallizes into
processes continue @9,

The of
microhardness (SMH) is an appropriate
the de-

remineralization process. A material like

measurement surface

method for  understanding
enamel that has a fine microstructure, is
non-homogeneous, or is prone to breaking
is suited for microhardness testing. A
comparatively forward,

straight non-

destructive, and quick approach for

demineralization and remineralization

research is provided by SMH indentations
(16).

The present study was conducted to
compare the surface treatment by Colgate
(containing  Arginine),
CPP-ACP), and Sensodyne (containing

GC (containing

NovaMin) toothpastes on the surface
of third

molars. The null hypotheses tested was that,

microhardness of the enamel

no difference between enamel

microhardness of demineralized WSLs after
by three treatment

treatment these

protocols.

MATERIALS AND METHODS
Sample Collection and Preparation
After getting ethical approval from the
research ethics committee in the University
Mosul / College
(UOM.DENT/H.L.16/21), fifty extracted

impaction human third molars with normal

of of Dentistry
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size, undamaged enamel buccal surfaces,
with no evidence of hypo- or hyper
mineralization were collected. The teeth
were thoroughly cleansed, rinsed with
deionized water, and maintained in a 0.1%
thymol solution. Teeth were cleansed,
polished with non-fluoridated pumice, and
the residual roots were cut using a straight
diamond bur, 2mm below the level of
cemento-enamel junctions, with a generous
irrigation of water ", to obtain an enamel
block with a 4x4mm window, one tooth was
fastened at the labial surface in the center of
the plastic ring . One by one, fin-grit
silicon carbide sheets (600, 800, and 2400
grit) were used to polish the rings with
exposed tooth surfaces.

The Formation of Artificial
Demineralized Lesion.
PH Cycle Procedure: Teeth were

immersed in a demineralizing solution (PH
4.5) for three hours and a remineralizing
solution (PH 7.0) for twenty hours. Between
treatments, teeth were briefly rinsed with
deionized water, and they were then placed
in artificial saliva for 30 minutes after each
cycle, which lasted for ten cycles and each
lasted for 24 hours. After every treatment,
the artificial saliva was replaced, and the
demineralizing and remineralizing
solutions were changed daily. The PH was
checked using a PH meter to ensure that
there would be no changes in the pH values

days later (9),
The Solutions Preparation.

Demineralization Solution: consists of
acetic acid (0.05 M), (2.2 mM), and NaH2

PO4 (2.2 mM), PH of 4.5, adjusted with
KOH (1M), 15 ml/tooth 7,

Remineralizing solution: consists of
NaHPO4 (0.9 mM), KCI (0.15 mM), CaCl2
(1.5 mM), PH of 7.0, 15 ml/tooth (),

Artificial Saliva: components of artificial
saliva are CaCL2.2H20 0.79, NaCl 0.40,
NaH2 PO4.2H20 0.78, KCI 0.40,
CO(NH2)2 Urea 0.1, NaS9.H20 0.005, in
1000 ml pH of 7

(concentration G \ L) 19,

distilled water,

Study Samples Grouping: the sample was
divided into 5 groups of 10 teeth each as
follows:
Group 1; Arginine and fluoride-
containing toothpaste (Tablel): the teeth'
labial surfaces were subjected to a pH
cycling procedure for ten days and then
Colgate toothpaste (Colgate sensitive
PRO_Relief, Poland) was applied as a thin
layer of paste on each tooth specimen by
fine brush for one minute, then the teeth
were washed with deionized water for 30
sec. and lightly dried with absorbent papers.
This procedure was repeated two times
daily for 7 days 9.

Table (1): Description and composition of

Colgate toothpaste

Material Description

Colgate sensitive PRO__ Relief,
Poland

Composition:  Sodium. Mono-
fluorophosphate 1.1%W/W (1450
Ppm F), Calcium Carbonate, Aqua,
Sorbitol, Argining, Aroma,
Tetrasodium Pyrophosphate,
Sodium Saccharin, Cellulous Gum,

Colgate
toothpaste

Sodium  Bicarbonate, Sodium
Lauryl Sulfate, Benzyl Alcohol,
Limonene, Xanthan Gum,
Ci77891.
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Group 2; (Casein phosphopeptide-
amorphous calcium phosphate (CPP-
ACP) tooth mousse cream (Table 2): the
teeth labial surfaces were subjected to a pH
cycling procedure for ten days and then
CPP-ACP tooth mousse(GC America,
Recldent, Alsip, USA) was applied as thin
layer of the cream on each tooth specimen
by fine brush for 3minutes, then again the
cream was distributed by the brush and left
for 30 minutes then washed with deionized
water for 30 sec. and lightly dried with
absorbent papers. This procedure was

repeated two times daily for 7 days @9,

Table (2): Description and composition of
CPP-ACP tooth mousse

Material Description

Topical cream with bio-available
calcium and phosphate (GC
America, Recldent, Alsip, USA).
Composition: 10% by weight of
CPP-ACP, glycerol, CMC-Na, D-
sorbitol, silicon Dioxide, titanium
Dioxide, propylene glycol, xylitol,
Acid, flavorings, phosphoric zinc
oxide, Oxide, guar gum, magnesium
butyl phydroxybenzoate, propyl p-
hydroxybenzoate, sodium saccharin,
ethyl  p-hydroxybenzoate, Pure
water.

CPP-ACP
tooth
mousse
cream

3;
containing novamin, NUPRO, (Table 3)

Group Sensodyne  toothpaste
the teeth labial surfaces were subjected to a
pH cycling procedure for ten days and then
0.5 g of Sensodyne toothpaste (Prophylaxis
Paste with NovaMin; Gsk, Ireland) was
applied with a rubber cup to each tooth for
2 minutes in a clockwise direction. Then the
teeth were immersed in deionized water for

2 minutes and then gently rinsed with
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deionized water for 30 Sec. This procedure

was repeated two times daily for 7 days ©.

Table (3): Description and composition of
Sensodyne toothpaste

Material Description

Nova Min (containing paste)
NUPRO (Prophylaxis Paste with
NovaMin; Gsk, Ireland).
Composition: Glycerin.,
Pumice.,15%Calcium Sodium.
Sodium Silicate, Dioxide, Titanium
Methyl Salicylate, Phosphosilicate
(Novamin), Purified  Water,
Sodium  Carboxymethylcellulose,
Sodium Saccharin, Flavor

Sensodyne
toothpaste

Group 4; (Control before PH cycle): No
agent was applied, only immersed in
deionized water.

Group5; (Control after PH cycle): The
teeth were treated to a ten-day pH cycling

technique before being submerged in
deionized water.
Vickers Micro hardness Test: The

Vickers microhardness machine (OTTO
WOLPERT/Germany) was used to assess
the mechanical characteristics of the tooth
samples. The length of the depression on the
enamel surface, which was measured
microscopically using a 70X magnification,
was used to calculate the microhardness
values @, A fixed load of 500 grams was
applied to the enamel surface sample for 15
sec. for each sample. The square indent's
two diagonals were measured to establish
the indent's size visually. According to the
formula, the Vickers hardness number was
determined @

VHN= (kg \mm?) = 1.854 x P \d?

P= the testing. load in grams.

d= the length of the diagonal line across the
indentation in microns.



Al-Rafidain Dental Journal, Vol. 24, No. 2, 2024 (363-372)

Statistical Methods: Statistical analysis of
the results was performed by the SPSS
26.0, USA). The
normality of distribution was assessed by
the  Shapiro-Wilk

statistics:

Statistics  (version

test.  Descriptive

mean, standard deviation,
minimum, and maximum values were
reported. Both intragroup time points
(before PH cycling, post-treatment, after
PH cycling) comparisons and intergroup
comparisons were performed by using
ANOVA and Duncan's post-hoc tests. The
statistical significance of differences
between the groups was accepted at the P <
0.05 level.
RESULTS

The Shapiro-Wilk test of normality was
done for VMH test data to determine the
statistical tests needed to analyze the
results. The results of the normality test
showed that the data were parametric and

normally distributed at P< 0.05 as shown in

Table (4).
Table (4): Shapiro-Wilk test of normality
for VMH.

Groups Statistic Df Sig.*
Colgate 0.904 10 0.243
GC 0.862 10 0.080
Sensodyne 0.909 10 0.273
Con_trol before pH 0931 10 0.459
cycling

Con_trol after pH 0914 10 0313
cycling

* Significant difference at P< 0.05, DF=degree of
freedom.

A comparison among the five study
groups was done. Table (5) shows the
descriptive statistics of VMH values of the

sample among the study groups.

Table (5): Descriptive statistics of VMH
means values of the study groups

Groups N Means Std MinimumMaximum
Control

afterpH 10 118.20 21.03 92.70  152.36
cycling

Colgate 10 185.71 11.88 164.80 200.47
GC 10 263.15 9.67 251.65 276.51

Sensodyne 10 296.45 7.86 279.71 307.56
Control

before PH 10 346.35 33.59 285 386.08
cycling
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GC=GC tooth mousse, Std= Standard Deviation;
N=number of samples.

Table (6) demonstrates the
comparison of mean values of VMH for
samples in five groups by (ANOVA) test,
and the results showed that there were
statistically significant differences among
groups (P <0.05).

Table (6): ANOVA test for VMH mean
values among five study groups

Mean
Square

VHM Sum of
Squares

Between ) 7953257 4 81988.314 219.623 0.000
Groups

Within - c799 140 45 373314

Groups

Total 344752.397 49
* Significant difference at P<0.05, F=F-test.

Sig.*

Duncan’s multiple analysis range
test was done to further explain that there
was a significant difference in VMH values
among the groups that existed at P< 0.05.
The highest value was for control before PH
cycling and then NovaMin but the lowest
value was for control after PH cycling,
(Table 7).

Table (7): Duncan’s Multiple Analysis Range

tests for the study groups

Subset For Alpha =0.05

Groups N
1 2 3 4 5
Control
AfterpH 10 118.20
Cycling
Colgate 10 185.71
GC 10 263.15
Sensodyne 10 296.45
Control
Before pH 10 346.35
Cycling
Sig.* 1.000 1.000 1.000 1.000 1.000

* Significant difference at P<0.05.
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DISCUSSION
The earliest indication of dental caries is
enamel decalcification, or the production of
WSLs, which typically appear as chalky
white spaces on the outside of a tooth @,
One test that has been used to explore the
of

remineralization is the hardness test, which

processes demineralization  and
is quick, inexpensive, and easy to perform
in order to calculate the quantities of
minerals lost and restored @, The Vickers
Hardness analysis in the current study was
done in order to decide the capacity of
Colgate (Arginine and fluoride containing
tooth paste), GC tooth mousse cream
CPP-ACP

Sensodyne tooth paste containing Novamin

containing complex and
in restoring hardness of enamel surface after
WSLs, our

decision depended on comparison of

the formation of artificial

hardness value of these three groups with
hardness values of control group before PH
cycle and control group after PH cycle.

According to the results based on
the mean value, it had been showed that the
VMH value of control group before PH
cycle was the highest value because the
teeth were sound and was not subjected to
any acidic environment, but VMH value of
control group after PH cycle was the lowest
value because the teeth were subjected to
acidic environment and lost mineral content
from their enamel surface.

The VMH value of Sensodyne
group was less than control group before the
PH cycle but it had the highest value when

compared with other treatment groups, the
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NovaMin material that have the ability to
restore the enamel surface hardness after
exposure to an acidic environment and
demineralization. This agreed with the
study of Abbasoglu et al., (2019) who stated
that" while in contact with liquids like water
and saliva, Novamin releases calcium and
phosphate ions into the oral environment".
The

NovaMin

Sensodyne toothpaste containing

has a  capacity  for
remineralization of enamel more than GC
tooth mousse cream this agreed with the
study of Mahta et al., (2014) who assumed
that "compared to CPP-ACP, Novamin
remineralized the carious lesion more

successfully, due to its amorphous

structure, CPP-ACP was unable to cling to
the enamel surface -effectively. While
NovaMin produced bigger and more
CPP-ACP produced

smaller and more amorphous deposits.

angular  deposits,
CPP-ACP also showed lower hardness
values as a result, but Novamin displayed
greater hardness values due to its more
compact attachment to the surface 9. Even
after careful washing and brushing, the
sediments remain firmly adhered. In-vitro
tests have demonstrated that Novamin may
release ions and  change into
hydrycarbonate apetite for up to two
weeks". But in contrast to study of
Benjasuwantep et al., (2017) who found
that no significant difference in the
remineralization  effect

compared to CPP-ACP @1, Also, in contrast

of  NovaMin
to Indrapriyadharshini et al., (2019) who

found that because CPP-ACP keeps
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calcium and phosphate in saliva at a
supersaturated level and helps to keep them
close to the enamel lesion, it can promote
This
and

remineralization. will  reduce

demineralization improve
remineralization of the enamel lesion @,
The hardness value of Sensodyne
toothpaste was more than that of Colgate
toothpaste, also Colgate toothpaste has the
lowest ability in remineralization when
compared with GC tooth mousse and
Sensodyne toothpaste, this agreed with the
study of Yu et al., (2016) who stated that"
The

nanotribological characteristics of early

hardness, elastic modulus, and
enamel caries could not be fully restored to
those of undamaged enamel by arginine
toothpaste. The application of mineral
crystals was aided by the arginine
toothpaste treatment, however the original
enamel structure was not preserved" @4,
Additionally, Bak et al., (2013) assumed
that" fluoride ions cannot penetrate deeply
into the lesions, topical fluoride treatment,
which promotes enamel remineralization, is
limited in its ability to provide adequate
outcomes. It only lessens the crystal's
solubility”" @, In contrast Li et al., (2015)
stated that" A semi-essential amino acid
called arginine is present in several human
salivary proteins and peptides. Through the
arginine deiminase system, it is digested by
non-pathogenic bacteria like Streptococcus
sanguinis to create energy, ammonia, and
alkaline

dioxide. A more

that is

carbon

environment unfavourable to

cariogenic bacteria is promoted by the
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generation of ammonia, which raises the
pH,
acidification

local counteracts the effects of

from sugar metabolism,
reduces the cariogenicity of oral biofilms,
and aids in remineralization™ 9,
Limitations of the Study

The current study was conducted under in
vitro conditions which were dissimilar to
the natural oral cavity where there is plaque,
oral microflora, saliva, the normal process
of demineralization and remineralization
which occur alternatively intra-orally and
the protective effect of salivary minerals,
also the synergistic effect of saliva and
experimental (NovaMin,
Arginine, fluoride, and CPP-ACP) couldn’t
be determined. The use of artificially
produced WSLs,
evaluation of enamel microhardness.

CONCLUSIONS

From this study, we can conclude that:

materials

and the short-term

Sensodyne (containing
GC (containing CPP-ACP)

tooth mousse, and Colgate (containing

Novamin)

toothpaste,

Arginine) toothpaste have remineralizing

ability reflected by increased enamel
microhardness, nevertheless, Sensodyne is
considered the best one for remineralization
and enhancing the surface microhardness
value approximately to normal and making
recovery for enamel, followed by GC then
Colgate  which  have the lowest
remineralizing ability.
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