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ABSTRACT

Purpose: The study was established to compare the remineralization effect of 
natural agents versus bioadhesive polymers with or without PH cycling using a 
microhardness test. Materials and Methods: Forty extracted premolars were used. 
The roots of the teeth were removed, then the crowns of teeth were cut in mesiodistal 
direction to expose the labial and lingual portion using a diamond disc so that 80 
specimens were obtained. Each tooth-half was fixed with superglue on the custom made 
acrylic block.  The enamel surfaces were polished to produce flat enamel surfaces. 80 
specimens were divided into four groups (A) according to the remineralizing agent 
used. Group A1 for eggshell nanoparticles, Group A2 for clove extract, and Group A3 
for carbopol, and Group A4 for carboxymethyl cellulose (20 each). Each group was 
subdivided into two subgroups (10 each) according to PH cycling either with (B1) or 
without (B2). Then, the specimens were examined before and after demineralization 
and after treatment agent with Digital Display Vicker Microhardness Tester.  
Results: The results showed that the highest microhardness mean values were found 
with eggshell nanoparticles followed by carbopol, and then carboxymethyle cellulose 
then clove extract. Conclusion: Natural materials have remineralizing potentials and 
could successfully replace synthetic products.

INTRODUCTION

Enamel is the outer part of the tooth so it is in contact with the 
saliva. Calcium hydroxyapatite crystal is one of the components 
in enamel. Enamel is the strongest tissue, but it is non-vital and if it 
lost the body cannot replace it. Continuous loss of minerals from the 
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hydroxyapatite structure of the enamel is called de-
mineralization process. When the hydroxyapatite 
reacts with hydrogen ions at acidic pH ≤ 5.5 the de-
mineralization occurs. De-mineralization affects the 
surface texture so when enamel loses its structure its 
surface becomes rougher. The appearance of white 
spot lesions is sign of de-mineralization. It is chalky 
white appearance on the enamel surface, which 
is reversible by remineralization (1). The repairing 
mechanism to restore the hydroxyapatite (HAP) 
crystal lattice naturally is called the remineralization 
process. It occurs under physiological pH conditions 
whereby calcium and phosphate mineral ions are 
redepositing from saliva and plaque fluid within 
the lesion resulting in the formation of newer 
HAP crystals, which are more resistant to acid 
dissolution(2).

Fluoride is responsible for the decrease of caries 
due to its cariostatic properties. However when it 
comes to its effect in inhibiting caries progression, 
it has certain limitations. When fluoride is increased 
in concentration, it can produce harmful effects to 
the tooth (3).

Chicken eggshell powder (CESP) is rich 
by mineral salts, mostly calcium carbonate. Its 
components are 98 % CaCO3, 1% phosphate and 1% 
magnesium. It is the best natural source of calcium. 
So the clinical studies found that the CESP can be 
used in remineralization of teeth structure (4).

Clove is the dried flower buds of a tree. It is used 
for many purposes because its health benefits, as a 
food preservative, flavoring agent in food, dental 
preparations. It has a role as an anti-cariogenic 
agent and in the treatment of toothache and fight bad 
breath. Besides all that, there are previous studies 
regarding the effect of water clove extract on the 
remineralization of enamel surface (5).

Bioadhesive polymers are widely used in bio-
medical fields because they have improved proper-
ties. Polymers have an important role in dentistry, 
such as restorative, regenerative and preventive 
therapies. The polymers are preventing the teeth 

from demineralization by protecting them from acid 
contact in the oral cavity (6). 

Thus the purpose of present study was to evaluate 
the remineralizing potential of natural agents 
(eggshell powder and clove water extract) versus 
bioadhesive polymers (carbopol and carboxymethyl 
cellulose). The null hypothesis of this study is that 
there is no difference between natural agents and 
bioadhesive polymers as remineralizing materials 
in early carious lesions in enamel of teeth. 

MATERIALS AND METHODS

Four treatment agents were used: Eggshell 
nanoparticles, Clove water extract, Carbopol, and 
Carboxymethyle cellulose.

Teeth selection:

A total of forty freshly extracted young upper or 
lower premolars were used. Teeth were extracted 
from patients ranging from 14 to 20 years, for 
orthodontic purposes and the patients were consented 
to the use of their teeth. Teeth were obtained from 
the orthodontic clinic, Faculty of Dentistry, Al-
Azhar University. The study was approved by the 
“Ethical Research committee” of faculty of Dental 
Medicine for girls; Al-Azhar University, Cairo, 
Egypt (protocol number REC17-030). Then teeth 
were washed with water to remove the blood and 
scraped with scaler to remove attached periodontal 
tissue, plaque, and calculus, then stored in distilled 
water and used within one month. Teeth with 
surface defects, decay, cracks, or restoration, were 
discarded (7).

Sample grouping:

A total of 80 specimens were divided into four 
groups (20 each) according to the remineralizing agent 
used (A). Group A1 for eggshell powder, Group A2 
for clove extract, Group A3 for carbopol, and Group 
A4 for carboxymethyl cellulose. Each group was sub-
divided into two subgroups (10 each) according to PH 
cycling either with (B1) or without (B2). 
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Teeth preparation:

The roots were removed from the teeth. Then, the 
crowns were cut in mesiodistal direction to expose 
the labial and lingual portions using a diamond 
disc so that 80 specimens were obtained from a 
total of 40 teeth. Custom made plastic cylindrical 
molds were made. Then, the molds were filled by 
self-cured acrylic resin. Each tooth-half was fixed 
with superglue on the custom made acrylic block 
so that the buccal and lingual side of each was 
available. Using abrasive paper discs (Henan Tianze 
Imp. and Exp.) from 600 grit up to 1200 grit under 
water irrigation flat enamel surfaces were obtained. 
Experimental windows were created on the enamel 
surface of the samples (dimension of 4mm x 5mm) 
using French manicure tip guides and the remaining 
sample surfaces were made completely resistant to 
acid attack by coating nail polish (8- 10).

Preparation of materials:

A. Preparation of Chicken Eggshell Powder 
(CESP): 

Twenty chicken eggs were collected, the contents 
of eggs were removed and distilled water was used 
to clean the eggshells. Then the egg shells were left 
in a hot water bath for 10 minutes then removing 
the inside membrane. A kitchen grinder was used 
to form a coarse powder from the dried shells.  Ball 
milling machine was used for milling the dried 
powder for 10h, at a speed of 350rpm, and 3min 
intervals to obtain Nano-sized ESP (11).

Characterizations

Size & Shape: (Figure 1)

Nano-ESP were examined by transmission 
electron microscopy (TEM) operating at 200 kV 
equipped with Gatan digital camera Erlangshen 
ES500. average size was less than 20 nm. 

B. Preparation of clove water extract:

Clove was ground into fine powder in an 
electrical mixer. 100 grams of finely powdered clove 
were mixed with one liter of deionized water and 
left in a water bath for 5 hours. Then, the powder 
was filtered by filter paper. Then, the extract was left 
to dry in hot air oven for evaporation of water. Until 
using the extract it was kept into a refrigerator (12).

C. Preparation of The Gel form from the 
treatment materials:

The treatment material was obtained then 
dispersed in distilled water by 10%w/v with stirring 
and then gradually adding polyethylene oxide 
(MW = 60,000) %w/v to the suspension to get the 
treatment materials in gel form (13).

Demineralization of enamel:

The samples were then demineralized in 25ml 
0.3% citric acid at a PH of 3.25. This pH was reached 
by the gradual addition of NaoH to the citric acid 
using a pipette. PH was measured and kept constant 
using a pH meter. Each sample was immersed in 
the acid for 3minutes. Immediately afterward, all 
samples were carefully washed by water to remove 
any excess of acid (8, 9).

Figure(1) TEM images of the Eggshells nanoparticles
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Application of treatment agents:   

The treatment agents were applied once onto the 
enamel samples. An insulin syringe (1ml) was used 
to standardize the quantity applied on the enamel 
surface, the treatment agents were brushed using 
a micro brush for 20 sec, left for 10 min and then 
rinsed with distilled water (14).

PH Cycling:

Each group was subdivided into two subgroups 
one of them was subjected to PH- cycling and the 
other subgroup was immersed in artificial saliva. 
Initially, the samples were kept in 150 mL of rem-
ineralization solution for 24 hours. The samples 
were exposed to a 9 days pH cycling in the form 
of 24h periods (15). First, samples were left in 20 ml 
of demineralization solution arranged with 4.3 pH 
which included 1.5 mM CaCl2, 0.9 mM KH2 PO4 
and 50 mM acetic acid at 37.5° C. Then these sam-
ples were removed from this solution and washed 
with distilled water. Samples were left in 20 ml of 
remineralization solution with 7 pH value which 
consisted of 1.5 mM CaCl2, 5 mM KH2 PO4 and 
100 mM acetic acid for the next 17.5 h at 37.5°C. 
Then, the samples were extracted from the solution 
and washed with distilled water then placed again in 
distilled water. These solutions were made fresh and 
changed daily (16). 

Surface Microhardness Assessment (SMH):

All samples were subjected to microhardness as-
sessment at baseline, after demineralization and af-
ter all steps of treatment during the test procedures. 
Surface microhardness was evaluated by Digital 
Display Vicker Microhardness Tester with a Vicker 
diamond indenter and a 20X objective lens. 100g 
of load was applied on the enamel surface for 10 
seconds (17).

RESULTS

Data were explored for normality using the 
Kolmogorov-Smirnov test of normality. The results 
of the Kolmogorov-Smirnov test indicated that most 

of the data were normally distributed (parametric 
data), so parametric tests were used.

     One way analysis of variance (ANOVA) test 
was used to compare between the different intervals 
within the same group, followed by Tukey’s post hoc 
test when the difference was found to be significant. 
An unpaired t-test was used for comparison 
between 2 independent groups. The significance 
level was set at p ≤ 0.05. Statistical analysis was 
performed with SPSS 16.0 (Statistical Package for 
Scientific Studies, SPSS, Inc., Chicago, IL, USA) 
for Windows.

Table (1) demonstrated Mean and standard 
deviation (SD) of microhardness (VHN) for groups 
at baseline, after demineralization and after using 
the different tested materials with and without 
application of PH cycling. Results revealed that 
eggshell nanoparticles (A1) with PH cycling, there 
was a statistically significant difference between 
baseline mean values and both the demineralization 
and remineralized enamel (P=0.027), While A1 
without PH cycling demonstrated a statistically non-
significant difference in microhardness mean values 
between remineralized, demineralized and baseline 
enamel. While results of Clove water extract (A2) 
with PH cycling, there was a statistically non-
significant difference in microhardness mean values 
between remineralized, demineralized, and baseline 
enamel. Similarly, results of A2 without PH cycling, 
there was a statistically non-significant difference in 
microhardness mean values between remineralized, 
demineralized and baseline enamel. While Results 
revealed that Carbopol (A3) with PH cycling, there 
was a statistically significant difference between 
baseline mean values and both the demineralized and 
remineralized enamel (P= 0.004). Results revealed 
that A3 without PH cycling, there was a statistically 
significant difference between baseline mean 
values and demineralized enamel microhardness 
mean values (P= 0.03). There was a statistically 
significant difference between both remineralized 
and demineralized, and non- statistical significance 
with baseline enamel microhardness. While 



Remineralization of Early Carious Lesion Using Natural Agents Versus Bioadhesive Polymers (557)

Results revealed that Carboxymethele cellulose 
(A4) with PH cycling, there was a statistically 
significant difference between baseline mean 
values and demineralized enamel microhardness 
mean values (P= 0.045). There was a statistically 
significant difference between both remineralized 

Table (2) and figure (2) demonstrated the 
percentage of enamel microhardness recovery 
within each group of materials. Enamel group 
treated by Eggshell nanoparticles with PH cycling 
showed the highest percentage of recovery 
(70.33±17.04), followed by eggshell nanoparticles 
without PH cycle (57.33±34.08), then carbopol with 
PH cycle (45.33±25.81), carbopol without PH cycle 
(39.67±11.68), carboxymethyl cellulose with PH 
cycle (39.00±19.47), followed by carboxymethyl 
cellulose without PH cycle (35.67±16.01) with 
statistical insignificance between groups. The clove 
water extract group showed the lowest percentage 
of recovery with the PH cycle (-19.76±9.68) 
and without the PH cycle (-21.67±10.41) with 
statistical non-significance between both groups 
and statistically significant difference between this 
group and all other groups (p= 0.003).

Table (1): Statistical analysis comparing all type of materials with and without application of PH cycling 
on the microhardness of enamel 

Materials
Microhardness (Mean± SD)

P-ValueBaseline Demineralized Remineralized

A1 with PH cycle 293.67a±29.16 235b±22.91 273.4c±17.2 0.027*

A1without PH cycle 283.67±34.21 232.33±46.80 269.67±29.50 0.297 NS

A2 with PH cycle 270.20±33.1 246.7±35.6 226.40±15.9 0.121 NS

A2 without PH cycle 295.67±21.39 243.67±37.85 218±35.76 0.065 NS

A3 with PH cycle 312a±8.98 275b±13.49 286.68c±11.29 0.004*

A3 without PH cycle 310.67a±12.10 247.33b±15.04 272a±12.49 0.03*

A4 with PH cycle 310a±31.22 231b±32.91 257a±24.88 0.045*

A4 without PH cycle 292.67a±25.11 231b±20.30 252.33c±17.79 0.003*

* = significant, NS= Non- significant
Tukey’s post hoc test: mean value with different letters within each row indicates a significant difference at P≤ 0.05. 
Without letters indicates statistically non-significant

and demineralized and non- statistical significance 
with baseline enamel microhardness.  While results 
revealed that A4 without PH cycling, there was a 
statistically significant difference between baseline 
mean values and both the demineralized and 
remineralized enamel (P= 0.003).

Table (2): Percentage of enamel microhardness 
recovery within each group of materials

Materials Microhardness Rank P-value

Eggshell with PH cycling 70.33±17.04 a

0.003*

Eggshell without PH 
cycling 57.33±34.08 a

Clove with PH cycling -19.76±9.68 b

Clove without PH cycling -21.67±10.41 b

Carbopol with PH cycling 45.33±25.81 a

Carbopol without PH 
cycling 39.67±11.68 a

CMC with PH cycling 39.00±19.47 a

CMC without PH cycling 35.67±16.01 a

* = significant, NS= Non- significant
Tukey’s post hoc test: mean value with different letters 
within each row indicates a significant difference at 
P≤ 0.05. Without letters indicates statistically non-
significant
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Figure (2) Bar chart showing the percentage of enamel 
microhardness recovery within each group of materials

DISCUSSION

The hard dental tissue is continuously undergo-
ing cycles of de-mineralization and re-mineraliza-
tion. The progression of caries occurred when the 
demineralization exceeds remineralization. The re-
mineralization is forming calcium, phosphate and 
fluoride ions from an external source to the demin-
eralized enamel in the tooth surface. Re-mineraliza-
tion is happen when calcium and phosphate pres-
ence in the saliva among the enamel or dentine crys-
tals re-crystalize so the enamel and dentin become 
resistant to acids than the original one. The studies 
attempt to prevent early carious disease from pro-
gression and improve function, strength and aes-
thetics by the re-mineralization (18).

The tooth substrate that was selected for this 
study was enamel rather than dentin because the 
enamel is the first line of defense against caries 
progression. Although enamel is a hard and dense 
material, it possesses local differences in porosity 
and acid solubility; acids can penetrate deep into the 
enamel and dissolve tooth minerals locally, rather 
than dissolving the enamel layer by layer. Therefore, 
remineralization of early enamel lesions is of great 
value to protect other dental tissues (19).

Assessment of enamel remineralization in this 
study was performed by studying the Surface Micro-
hardness (SMH) of the specimens. It is a simple 

technique for evaluating the de-mineralization and 
re-mineralization process. This technique is popular 
because it allows hardness determination in the 
same sample before and after the treatments which 
decrease the experimental error (20).

Based on the results of this study, the micro-
hardness of samples decreased after immersion in 
the demineralizing agent. This finding is consistent 
with other studies. This was an indication of the 
demineralization of the enamel surface. This reduc-
tion in SMH values coincides with other studies 
that reported that initial enamel lesions with intact 
surfaces recorded low mineral content when com-
pared to sound enamel; thus, demonstrating a lower 
microhardness value at the surface than for sound 
enamel tissue (21).

In this study, the Eggshell powder (CESP) group 
exhibited the statistically significant highest mean 
value of microhardness after PH cycling followed 
by those samples without PH cycling (without 
any significant difference) compared with other 
groups. This may be due to the incorporation of 
CESP with calcium. It contains calcium carbonate, 
phosphate and magnesium (22, 23). The microhardness 
mean values were higher after PH cycling because 
this higher pH is favorable for the increased ionic 
activity of anions such as oH-1 ions and Po4

-3 ions. 
Thus more ions are available for enamel surface 
re-mineralization. If the pH of re-mineralizing 
solution is acidic, thus the concentration of H+ ions 
is increased which combines with the available 
anions and thus fewer ions will be available for re-
mineralization (24).

However, these results are not consistent with 
a study that compared the effect of CESP with 
commercially available Sensodyne Pronamel. This 
could be attributed to material difference as these 
studies used other fluoride-containing products (25).

On the other hand, results revealed that Car-
bopol with and without PH cycling recorded the 
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highest significant mean value of microhardness as 
compared to CESP. This was followed by the mean 
microhardness values of carboxymethyle cellulose 
(CMC) with and without PH cycling. Carbopol is a 
polymer with a high molecular weight of polyacrylic 
acid; it formed a bond with Ca++ in the enamel, thus 
making a layer that protected the enamel against 
demineralization. However, Carboxymethyle cel-
lulose can decrease the demineralization like the ar-
tificial saliva. The mechanism of this effect may be 
due to the film formation. The weak bond between 
Carboxymethyle cellulose and the hydroxyapatite 
may be responsible for reduction in the remineraliz-
ing effect of saliva, which acted as a barrier hamper-
ing the re-mineralizing action of saliva (26).

The results of this study showed that clove 
water extract provided less re-mineralization than 
other groups and an insignificant mean value of 
microhardness with and without PH cycling. It was 
shown that the clove extract has many elements 
other than Ca like manganese which might 
substitute Ca ion of hydroxyapatite crystals leading 
to a decrease in the Ca/P ratio and could form other 
crystals that may reduce the microhardness of tooth 
structure. This might explain the decreased enamel 
microhardness value with increase in clove extract 
concentrations more than 5% (27).

The Percentage of enamel microhardness 
recovery was insignificant after using of CESP, 
carbopol and CMC on the enamel, that may be due 
to diffusion the mineral ions into the superficial 
layer obstruct the surface porosities; further this 
diffusion of minerals is limited after reaching a 
plateau. However, there was a significant decrease in 
microhardness of enamel after using of clove water 
extract because it has a less microhardness values 
on enamel (28). Thus, null hypothesis is rejected 
as there is difference between natural agents and 
bioadhesive polymers as remineralizing materials 
in early carious lesions in enamel of teeth. 

CONCLUSIONS

From the study, it could be concluded that:

Egg shell nanoparticles seemed to have 
remineralizing potentials and could successfully 
replace synthetic products. Though, clove water 
extract was not reliable as a remineralizing agent 
for early carious lesion.  Carbopol is a promising 
remineralizing agent.
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