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Abstract
Introduction: There is an interest in developing materials with bioactive potential that could block 
exposed dentinal tubules. This study compared the effects of eggshell and seashell nanoparticles 
individually or combined with ND:YAG laser on dentinal tubules occlusion and remineralization. 
Methods: Fifty radicular dentin discs were prepared from freshly extracted human premolars. The 
smear layer created by cutting was removed using 37% phosphoric acid gel for 15 sec. The discs 
were divided into five groups according to the applied treatment(A) (n = 10 each): (A1) control, 
(A2); Nano eggshells, (A3); Nano seashells, (A4); Nano eggshells + Nd: YAG Laser, and (A5); Nano 
sea shell + Nd: YAG Laser. Each specimen was evaluated for tubular patency and mineral contents 
before and after each therapy using ESEM-EDXA energy dispersive spectroscopy for the assessment 
of tubule occlusion and remineralization. 
Results: ESEM results revealed a statistically significant decrease in the mean percent changes of the 
dentinal tubules number after the treatment of the experimental groups compared to the control. 
The greatest percent decrease was recorded in the seashell NPs + Nd: YAG laser, followed by the 
eggshell NPs + Nd: YAG laser, then Eggshell NPs only and then Seashell NPs only, while the lowest 
percentage decrease was recorded in the control group. EDXA revealed that the greatest percentage 
increase in Ca wt% was recorded in the Eggshell + Nd:YAG laser group, followed by Eggshell only, 
then Seashell only and then Seashell NPs + Nd: YAG laser, while the lowest percent increase was 
recorded in the control group. The post hoc test revealed no significant difference between the 
experimental groups. 
Conclusions: Both eggshell and seashell nanoparticles are effective in the occlusion and 
remineralization of dentinal tubules. The combined treatments with Nd: YAG laser had no benefits 
when compared to the effect of treatments alone. 
Keywords: Eggshell; Seashell; Neodymium-doped yttrium aluminum garnet laser; Combined 
therapy; Dentinal tubules occlusion.
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Introduction
Dentin hypersensitivity is considered one of the most 
painful and noxious conditions in dentistry. It is 
characterized by short, intense pain of exposed dentin 
of vital teeth in response to thermal, evaporative, 
tactile, osmotic, or chemical stimuli. Dentin exposure is 
primarily caused by two processes, either by wear of tooth 
enamel or by exfoliation of the root surface due to the loss 
of cementum and periodontal tissues coating it.1 

The most generally accepted theory for this mechanism 
is the hydrodynamic theory. It focuses on dentinal 
tubules, which are open on the dentin surface, allowing a 

direct channel to the pulp. In the presence of any trigger 
element, the interstitial fluid in the tubules moves inward 
or outward and the displacement of fluid in the tubules is 
interpreted as pain fibers at the pulp wall.2,3 Therefore, the 
method of controlling the hydrodynamic mechanism has 
led to the development of two types of products, namely 
(1) agents that reduce fluid flow in dentinal tubules and 
(2) agents or products that interfere with nerve impulse 
transmission.4 

Potassium oxalate, sodium fluoride, strontium salt, 
amorphous calcium phos phate containing casein 
phosphopeptide, and calcium glyc erophosphate are 
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occluding agents which are widely used as desensitizers 
because they can seal dentinal tubules. However, tubules 
blocked by some of these materials have been reported 
to be superficial with a limited depth of infiltration.5 
Recently, there has been an interest in developing 
materials with bioactive potential that can block exposed 
dentinal tubules and subsequently reduce fluid flow in 
the dentinal tubules.6 

As the demand for environmentally friendly 
technologies increases, the synthesis of biomaterials from 
natural sources rich in calcium remains a viable and 
more economical option. One such biological waste is 
eggshell, which provides a cost-effective, renewable, and 
sustainable source for enriched nano-hydroxyapatite.7 

Eggshells are abundant in calcium. 94% of their 
constituents are calcium carbonate (CaCO3), calcium 
phosphate (1%), magnesium carbonate (1%), and organic 
matter (4%). Eggshells contain not only calcium but also 
other elements such as fluoride and strontium. They have 
a positive effect on bone and tooth metabolism.8 

This idea provides an innovation to produce a new 
valuable product from other waste materials such as 
seashells.9 Seashells contain a high calcium source which 
acts as a calcium precursor. Some researchers found that 
the content of CaCO3 in seashells is about 98% and 99%.10 
The term seashell usually refers to the shells of a marine 
mollusk. The production of calcite nanoparticles using 
seashells as the source of CaCO3 is of great significance for 
environmental protection and biomedical applications. 
Seashells with a natural ceramic structure are similar to 
human bone and tooth structures.11 

Recently, treatments using desensitizing materials 
are supplemented by laser therapy; improvements in 
technology, scientific knowledge, and evolution of new 
lasers with wavelengths suitable for therapy, their success 
rate for treating hypersensitive dentin has increased.12 

Neodymium-doped yttrium aluminum garnet 
(Nd:YAG) laser is used for dentin hypersensitivity 
treatment by melting and occluding the tubules. It has 
been considered quite successful in various studies.13,14 
Combination treatment with Nd:YAG laser has resulted 
in the sealing of dentinal tubules (DTs) and a reduction 
in the diameter and number of opened dentinal tubules 
compared to the treatment alone.14 

Nanomaterials are one of the highest quality materials 
for dentinal tubules occlusion due to their excellent 
dispersion when entering dentinal tubules of about 2-3 
mm diameters easily. The properties of nanoparticles are 
quite different from their equivalent bulk materials. The 
solubility and reactivity of nanoparticles can increase due 
to the fact that they have a large surface area, high surface 
energy, and easy deposition in irregular spaces.15 

One of the most important advances of the last few 
years is the implantation of nanoparticles in the dentin 
hypersensitive treatment regimen. The conversion of 

large particles to nanoparticles results in a larger surface 
area that increases the reactivity of nanoparticles and 
hence its effectiveness. Nanoparticles are widely used and 
have extensively been studied in recent years due to their 
advantages and superior properties.16 

Despite the great potential of eggshells and seashells 
and their calcium bioavailability, the literature is scarce 
in evaluating the efficacy of eggshells or seashells therapy 
alone or combined with Nd:YAG laser on the dentin 
surface. Therefore, this study aimed to evaluate the 
effects of nano eggshells and seashell nanoparticles alone 
or combined with Nd:YAG laser on dentinal tubules 
sealing and mineral deposition ability in vitro. The 
hypothesis of this study is as follows: the tested materials 
would significantly occlude and remineralize opened 
dentinal tubules. The study tested two null hypotheses: 
1) there would be no difference in the occluding and 
remineralizing potential by the same desensitizing agents 
before and after the therapy, and 2) there would be no 
difference in occluding and remineralizing capabilities 
when different natural biowaste agents were applied. 
3) there would be no difference in the occluding and 
remineralizing capabilities between the mono-therapy  
and in-combination one.

Materials and Methods
Preparation of Eggshell Nanoparticles and Characterization
Biological waste chicken eggshells were obtained through 
a calcination process according to the protocol given by 
the World Intellectual Organization (WO/2004/105912: 
Method of producing eggshell powder). Calcination is 
carried out to produce powder free of pathogens and to 
increase powder alkalinity. 

Chicken eggs were collected from a local hatchery; their 
contents were removed, separated from the membranes, 
and cleaned in distilled water, and the dirty parts were 
brushed off. Eggshells were kept in a hot water bath at 
100°C for 30 minutes. Eggshells were dried and then 
crushed into coarse powder using a kitchen grinder. 
Furthermore, 385 g of duck eggshells were milled at 
100 rpm for 10 hours using the ball milling reactor17 
(planetary- ball-mills pm 400, Faculty of Nano technology, 
Cairo University, 6th October, Egypt). 

The tiny, crushed particles obtained were then calcined 
in a furnace at 1200°C  for 1 hour to make sure the 
resulting powder is a pathogen free.

A high resolution transmission electron microscope 
was used for the examination of the resulting powder. 
TEM (JEOL, JEM-2100) was at a voltage of 80.0 kV. 
TEM micrographs showed that the prepared white 
nanoparticles had a spherical shape as represented in 
Figure 1A-B). They were 17 ± 3 nm in size.

Preparation of Seashell Nanoparticles and Characterization
Cockleshells were collected from Red Sea beaches in 



Journal of Lasers in Medical Sciences  Volume 13, 2022 3

Effect of Biowaste Nanoparticles With or Without ND: YAG laser on Tubular Occlusion and remineralization

Egypt, and then they were washed to remove all dirt. 100 
grams of seashells were boiled at 100°C for 30 minutes 
and dried for two days at 110°C in the oven, and then 
an agate mortar was used to grind the shells. A ball mill 
machine (planetary- ball-mills pm 400, Faculty of Nano 
technology, Cairo University, 6th October, Egypt) was 
used to mill the dried powder for 10 hours at 350 rpm at 
3-minute intervals.18 

The resulting gray powder as represented in 
Figure 2A was examined using a high resolution 
transmission electron microscope. TEM (JEOL, JEM-
2100) was at a voltage of 80.0 kV. TEM micrographs 
showed that the prepared nanoparticles had a spherical 
shape as represented in Figure 2B. They were 21 ± 5 nm 
in size.

Artificial Saliva 
Artificial saliva used in this study was prepared using 
9 g NaCl + 0.24g CaCl2 + 0.43 g KCl + 0.2 g NaHCO3 all 
dissolved in 1 L of water according to a previous study.19

 

Sample Collection and Preparation
A total of fifty fresh intact human maxillary premolars 
were recruited in the current study. The teeth for 
orthodontic treatment were extracted from patients 
aged 18 to 24 years. Teeth with cracks, fractures, caries, 
restorations, or previous endodontic treatment were 
excluded. Teeth were scaled, cleaned, and then stored in 
distilled water with 0.2% thymol.20 

Radicular dentin samples were obtained from the 
coronal third of the buccal surface of each root yielding 
50 dentin discs of 4 mm long, 3 mm width and 1 mm 

thickness. Dentin specimens were embedded in rubber 
base impression materials using a rectangular hollow 
plastic mold to provide a means of immobilizing the 
specimen during the experiment (Figure 3).

Treatment Modalities
Standardization of the Working Area
To standardize the working area in each sample, we made 
a facet at high speed in the center of each dentin disc 
using a small round diamond bur.

Simulation of Hypersensitive Dentin
37% phosphoric acid was used to remove the amorphous 
smear layer created by cutting. A mini-sponge was used 
to gently rub the acid on the surface of the dentin for 15 
seconds, and the dentin was rinsed using distilled water 
for 60 seconds, and then it was dried gently with air for 60 
seconds according to the manufacturer’s instructions.21 

Sample Grouping 
The 50 dentin slabs were divided randomly into five 
groups (n = 10 each) according to the type of applied 
treatment (A): (A1) control, (A2) Nano eggshells, (A3) 
Nano seashells, (A4) Nano eggshells + Nd: YAG Laser, 
and (A5) Nano sea shell + Nd: YAG Laser. The specimens 
were digitally coded using a waterproof permanent 
marker on the pulpal side of each dentin disc for easy 
identification, and then they were stored in distilled water 
in individual small containers labelled according to the 
tested groups until they were used. 

Treatment of Samples
The specimens of group (A) received no surface treatment 
and acted as the control. The specimens of groups (A2) 
and (A3) were treated using eggshells and seashell 
nanoparticles respectively. Slurry was mixed by adding 
0.3 mL of distilled water into 1.8gm of the tested powder. 
It was applied on the surface of dentin discs using micro-
brush, left for 7 minutes, washed using distilled water, 
and then gently air dried.20,22 

The samples in groups (A4) and (A5) were treated 
with Nd: YAG laser (Surelite II laser device, Continuum, 
USA, National Institute of Enhanced Laser Science, Cairo 

Figure 1. White Powder of Eggshell (A) TEM Photomicrograph Showing 
Spherical Shape Particles of Eggshells (B).

Figure 2. Gray Powder of the Seashell (A); TEM Photomicrograph Showing 
Spherical Shape Particles of Seashells Figure 3. Dentin Slab Embedded in a Rubber Mold
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University). It was applied after the application of the 
nano eggshell or seashell according to the divided groups 
as previously described. 

Laser parameters used were 30 mJ power energy, 1W 
average power, 8 ns pulse width, and a 10 Hz repetitions 
rate for a 2-minute exposure time at a 1064-nm 
wavelength. The beam was directed to the sample surface 
using laser parameters as represented by Table 1. The 
beam was delivered perpendicular to the dentin surface 
as represented by Figure 4. The specimens of all groups 
were stored in artificial saliva in individual small 
containers labeled according to the tested groups until 
environmental scanning electron microscope/energy-
dispersive x-ray spectroscopy (ESEM-EDX) evaluation. 

Assessment of Tubular Occlusion Using the 
Environmental Scanning Electron Microscope 
Dentinal surface characteristics and the patency of 
dentinal tubules were assessed for each specimen 
before and after the treatment using ESEM. No surface 
treatment or thin film deposition such as gold or carbon 
deposition was performed on the samples to facilitate 
the re-use of the same therapy. The investigations were 
performed at an accelerating voltage of 500 kV and 900X. 
The standardized working area (facet) was divided into 
quarters by drawing two radial lines within this facet 
(circle). 

The photomicrographs were taken at 900X 

magnification at the intersection of the two radial 
lines at the center of the circle as represented by 
Figures 5A and 5B. The images were captured with good 
contrast and brightness settings which remained constant 
for all dentin specimens before and after the treatment.

Image Analysis
For quantitative evaluation, the number of opened DTs 
before and after the treatment was calculated for each 
sample using image analysis software (ImageJ software). 
Dentinal tubules located in the middle part of each 
ESEM photomicrograph were calculated. The program 
calculated the number of DTs at the standardized portion 
of each photomicrograph, which was subtracted to form 
an isolated image from the original one as represented by 
Figure 5C. This was repeated for each photomicrograph 
before and after the treatment  

EDXA Analysis
All samples were analyzed with energy dispersive X-ray 
spectroscopy (EDXA) correlated with ESEM (FEG, 
Quanta 250, France). The calcium and phosphorus 
constituents of the dentin surface and the change in the 
percentage levels of these elements after each therapy 
were determined. 

Results
ESEM Analysis (Dentinal Tubules Occlusion)

A

Table 1. Laser Parameters Used in This Study

Type of Laser Nd: YAG

Wavelength (nm) 1064 

Emission mode Pulsed

Time of exposure 2 min

Delivery system lens

Energy distribution 30 mJ

Peak power 3.75 MW

Average power 1 W

Spot diameter at the focus 432 µm

Spot diameter at the tissue 3.9 mm

Focus-to-tissue -

Spot area at the tissue 0.12 cm2

Peak power density at spot area 2.6 × 109 W/cm2

Peak power density at the tissue 31 MW/cm2

Average power density at spot area 682 W/cm2

Average power density at the tissue 8.3 W/cm2

Beam divergence 0.5 mrad

Water irrigation -

Air and aspirating airflow -

Pulse width ns 8-10 ns 

Nd: YAG, neodymium-doped ytterbium aluminum garnet laser. 

Figure 4. Schematic Diagram Representing the Experimental Setup of 
Dentin Sample Exposure

Figure 5. (A): ESEM photomicrograph showing the round facet in the 
center of the dentin slab, (B): ESEM photomicrograph showing the meeting 
point of two radial lines in the center of the circle, and (C): Subtracted 
image from original ESEM photomicrograph using ImageJ software
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ESEM photomicrographs represented in Figures 6 
and 7 show the morphological characteristics of the 
dentin surface in the tested groups before and after the 
treatment. ESEM photomicrographs of the control group 
represented by Figures 6A1 and A2 show frank opened 
dentinal tubules, and the surface was free from a smear 
layer coating before and after the experiment, which 

confirmed the sensitive tooth model. 
In the eggshell and seashell groups, there was an 

obvious closure of the opened dentinal tubules after the 
therapy by mineral deposition, and film precipitation 
was observed as represented by Figures 6B2 and 6C2 
respectively. For combined groups represented by 
Figure 7, the nanoparticles were melted, recrystallized, 
and trapped inside the tubules forming a plug inside their 
orifices. On the other hand, the dentin surface showed 
a more irregular surface having a characteristic shape 
similar to an island like appearance when treated with sea 
shell nano-powder combined with a laser (Figure 7E2). 

Image Analysis Results
Effect of Therapy on the Number of Dentinal Tubules 
Within Each Group
Table 2 and Figure 8 compare the mean values of patented 
DTs before and after each treatment using a paired t-test. 
There was a statistically significant decrease in the mean 
values of opened DTs after each treatment in all groups.

Comparing Dentinal tubules Number and Percentage 
Changes Between the Groups 
Table 3 and Figure 9 compare the mean values and mean 
percentage changes of patented DTs between the groups. 
Results of one-way ANOVA test showed that, there was 
no significant difference between the groups before the 
treatment. 

On the other hand, there was a statistically significant 
difference in the mean values and mean percentage 
changes between the groups after the treatment. The 
greatest percentage decrease was recorded in the seashell 
NPs + Nd: YAG laser, followed by the eggshell NPs + Nd: 
YAG laser, then Eggshell NPs only and then Seashell NPs 
only, while the lowest percentage decrease was recorded 
in the control group. The post hoc test revealed no 
significant difference between the experimental groups. 

EDXA Results (Dentin Remineralization)
Effect of Therapy on Calcium Weight % and Ca/P Ratio 
Within Each Group
The results of comparing the mean values before and 
after the treatment using a paired t-test showed that, 
there was a statistically significant increase in the mean 
values of Ca weight percent and Ca/P ratio within the 
experimental groups as represented by Tables 4 & 5 and 
Figures 10 & 11, respectively.

Effect of Materials on Percentage Changes of Calcium 
Weight% and Ca/P Ratio Between the Groups
The results of comparing the mean percentage changes of 
calcium weight % and Ca/P ratio between the groups using 
an analysis of variance (ANOVA) test are summarized 
in Tables 6 & 7 and Figures 12 & 13, respectively. There 
was no statistically significant difference between the 

Figure 6. (A1,A2): ESEM photomicrographs show the dentin surface for 
the control group; (B1, B2): ESEM photomicrographs show the dentin 
surface in the eggshell group; at baseline they show patent numerous 
dentinal tubules; (B1), and (B2): after treatment they show closure of DTs 
and film deposit on the dentin surface; (C1, C2): ESEM photomicrographs 
of the dentin surface in the seashell group; at baseline they show patent 
numerous dentinal tubules (C1),and(C2): after the treatment they show 
closure of DTs and film deposit on the dentin surface

Figure 7. (D1, D2): ESEM photomicrographs show the dentin surface in 
the eggshell + Nd:YAG laser group; at baseline they show patent numerous 
dentinal tubules (D1) and (D2) after treatment, they show closure of DTs 
and film deposit on the dentin surface (E1, E2): ESEM photomicrographs 
show the dentin surface in the seashell + Nd:YAG laser group; at baseline 
(E1) they show patent numerous dentinal tubules and (E2) after treatment, 
they show closure of DTs with dentin surface morphology similar to an 
island like appearance
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groups before the therapy; on the other hand, there was 
a statistically significant difference between all groups 
after the treatment. The greatest percentage increase of 
the Ca wt% was recorded in the Eggshell NPS + Nd:YAG 
laser, followed by the Eggshell NPs only, then the Seashell 
NPs only and then the Seashell NPs + Nd:YAG laser, 
while the lowest percentage increase was recorded in the 
control group. The ANOVA test revealed that the control 
group was significantly lower than all other groups. The 
post hoc test revealed no statistically significant difference 

between the experimental groups.

Discussion 
Dentin hypersensitivity is associated with an increase in 
the number and diameter of patent dentinal tubules on 
the tooth surface exposed to the oral environment. Tubule 
diameters are patent and more plentiful in numbers with 
hypersensitive dentin.23,24 For this reason, the treatment 
of dentin hypersensitivity aims to partially close or 
permanently block dentinal tubules. Although there are 
different treatment options for DH, there is currently no 
treatment that can be accepted as the gold standard.25 

Hydroxyapatite powder is characterized by bioactive 
properties and has chemical constituents similar to the 
hard tissue of the tooth, and it can be obtained from two 
different sources: synthetic and natural hydroxyapatite.26 
Hydroxyapatite can be produced from coral seashells, 
eggshells, and body fluids.27

Traditional methods of obtaining synthetic 
hydroxyapatite are performed using expensive chemical 
reagents; these synthetic routes are expensive and time-
consuming.28 Chicken eggshells were selected in the 
current study because they are rich in calcium with low 
cost. These eggshell wastes help reduce the cost of high-
quality calcium sources while promoting the recycling of 
materials.29 

Seashells were selected for this study owing to their 
high calcium content, abundance, and low cost. Cockle 
seashells used in this study belong to the species Anadara 
granosa, a sea molluscan. The cockle seashells are the 
products of the seafood industry after eating mussels. 
Cockleshell is one of the rich sources of CaCO3, which 
acts as a calcium precursor.

The use of nanomaterials for dentinal tubules occlusion 
has the potential for revolutionizing the treatment of 
DH. The production of nano-sized particles enhanced 
the reactivity as well as surface area as nanoparticles can 
easily enter dentin tubules.30 Several researchers have 
reported that Nd: YAG laser can be used as alternative or 
adjunctive therapy in the control and treatment of dentin 
hypersensitivity by reducing the patency of dentinal 
tubules.13,14,31 

However, studies investigating the use of eggshells 
and seashells as desensitizers are rare in the literature. 
Furthermore, the use of Nd:YAG laser with this natural 
source is not known and has not been studied. Hence, 
the current study aimed to evaluate and compare these 
two nanoparticles in vitro to evaluate their effects as 
mono-therapy and combined with Nd:YAG laser on the 
occlusion of human dentinal tubules. 86 % of the total 
resistance to fluid movement is due to the smear layer 
coating. In this study, dentin slabs were etched using 37% 
phosphoric acid gel for 15 seconds for simulating DH. 
This ensures the efficient removal of dentin plugs and 
smear layers and the exposure of dentinal tubules.21 

Table 2. Comparison of Mean Values Before and After the Treatment Within 
the Same Group Regarding the Dentinal Tubules number (paired t-test)

Group Time Mean SD
Difference

t P
Mean SD

Control
Before 21.20 5.76

0 0 Not computed
After 21.20 5.76

Eggshell NPs only
Before 21.80 2.59

19.60 2.51 17.46 0.000*
After 2.20 0.84

Seashell NPs only
Before 27.40 4.34

24.00 4.36 12.31 0.000*
After 3.40 2.07

Eggshell 
NPS + Nd:YAG 
laser

Before 22.20 2.95
20.60 3.36 13.70 0.000*

After 1.60 1.52

Seashell 
NPs + Nd:YAG 
laser

Before 25.20 2.77
23.40 2.88 18.16 0.000*

After 1.80 1.92

Significance level P ≤ 0.05, *Significant.

Figure 8. Bar Chart Illustrating the Mean Values of The Dentinal Tubules 
Number Before and After the Treatment in Different Groups

Figure 9. Bar Chart Comparing the Mean Percent Changes of the Dentinal 
Tubules Number Between Different Groups
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Table 3. Descriptive Statistics and Comparison of the Mean Values and Mean Percentage Changes of Dentinal Tubules Number Between the Groups

Dentinal Tubules Number Mean SD Median
95% CI for Mean

Min Max P Value
Lower Bound Upper Bound

Before

Control 21.20 5.76 20 14.05 28.35 15.00 29.00 0.092ns

Eggshell NPs only 21.80 2.59 22 18.59 25.01 18.00 25.00

Seashell NPs only 27.40 4.34 26 22.02 32.78 23.00 32.00

Eggshell NPS + Nd:YAG laser 22.20 2.95 22 18.54 25.86 18.00 25.00

Seashell NPs + Nd:YAG laser 25.20 2.77 26 21.75 28.65 21.00 28.00

After

Control 21.20a 5.76 20 14.05 28.35 15.00 29.00 0.00*

Eggshell NPs only 2.20b .84 2 1.16 3.24 1.00 3.00

Seashell NPs only 4.60 b 2.07 3 2.03 7.17 3.00 8.00

Eggshell NPS + Nd:YAG laser 1.60 b 1.52 1 -0.28 3.48 0.00 4.00

Seashell NPs + Nd:YAG laser 1.80 b 1.92 1 -0.59 4.19 0.00 5.00

Percent
change

Control -0.001y 0.00 0.00 0.00 0.00 0.00 0.00 0.007*

Eggshell NPs only -89.89 x 3.71 -89 -94.50 -85.28 -95.24 -86.36

Seashell NPs only -87.34 x 2.94 -88 -90.98 -83.69 -90.63 -82.61

Eggshell NPS + Nd:YAG laser -92.68 x 7.17 -94 -101.58 -83.77 -100.00 -80.95

Seashell NPs + Nd:YAG laser -92.95x 6.93 -96 -101.56 -84.34 -100.00 -82.14

Significance level P ≤ 0.05, ns = non-significant, *Significant.
Post hoc test: Within the same comparison, means sharing the same superscript letter are not significantly different.

Table 4. Comparison of Mean Values Before and After the Treatment Within 
the Same Group Regarding Calcium Weight Percent (paired t-test)

Group Time Mean SD
Difference

t P
Mean SD

Control
Before 68.87 2.11 -0.07 .05 -3.13 .035*

After 68.94 2.13

Eggshell NPs 
only

Before 67.91 2.81 -7.70 4.52 -3.81 .019*

After 75.61 2.66

Seashell NPs 
only

Before 67.54 1.39 -7.41 .52 -31.80 0.000*

After 74.95 1.17

Eggshell 
NPS + Nd:YAG 
laser

Before 66.71 1.31 -9.50 4.60 -4.62 0.010*

After 76.20 4.00

Seashell 
NPs + Nd:YAG 
laser

Before 68.84 1.42 -7.18 0.96 -16.80 0.000*

After 76.02 1.83

Significance level P ≤ 0.05, *Significant.

Table 5. Comparison of Mean Values Before and After the Treatment Within 
the Same Group Regarding the Calcium/Phosphorus Ratio (paired t-test)

Group Time Mean SD
Difference

t P
Mean SD

Control
Before 2.22 0.20 -0.01 0.01 -3.06 0.38 

After 2.23 0.21

Eggshell NPs 
only

Before 2.14 0.30 -1.00 0.64 -3.51 0.025*

After 3.14 0.47

Seashell NPs 
only

Before 2.09 0.13 -0.91 0.08 -24.65 0.000*

After 3.00 0.19

Eggshell 
NPS + Nd:YAG 
laser

Before 2.01 0.11 -1.29 0.75 -3.86 0.018*

After 3.30 0.71

Seashell 
NPs + Nd:YAG 
laser

Before 2.21 0.15 -0.97 0.20 -10.88 0.000*

After 3.19 0.31

Significance level P ≤ 0.05, *Significant.

Figure 10. Bar Chart Illustrating the Mean Values of Calcium Weight % 
Before and After the Treatment in Different Groups

Figure 11. Bar Chart Illustrating the Mean Values of the Calcium/
Phosphorus Ratio Before and After the Treatment in Different Groups
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Since premolars were the teeth most commonly affected 
by hypersensitivity (49%), followed by molars (34%) 
and canines (19%), this study was confined to upper 
first maxillary premolars.1 The replication of the dentin 
substrate is not possible because of the natural variation 
in the number and diameter of dentinal tubules and the 
degree of mineralization as described by a previous study.32 

Nonetheless, attempts have been made to obtain dentin 

from the same area of root dentin and approximately the 
same thickness and dimensions. Therefore, each dentin 
disc served as its own control to standardize regional 
differences in the number of dentinal tubules. 

The laser source used throughout the current work is 
the Q-switched oscillator Nd: YAG laser produced by 
Continuum (Surelite II Laser). It provides a laser beam 
with some parameters (1064 nm, 30 mJ, 10 HZ). It was 

Table 6. Descriptive Statistics and Comparison of the Mean Values and Mean Percentage Changes of Calcium Weight % Between the Groups

Calcium Mean SD Median
95% CI for Mean

Min Max P Value
Lower Bound Upper Bound

before

Control 68.87 2.11 69.86 66.26 71.49 65.28 70.30 0.356 ns

Eggshell NPs only 67.91 2.81 67.49 64.42 71.40 64.72 72.45

Seashell NPs only 67.54 1.39 67.41 65.82 69.26 65.78 69.44

Eggshell NPS + Nd:YAG laser 66.71 1.31 67.21 65.08 68.34 64.41 67.68

Seashell NPs + Nd:YAG laser 68.84 1.42 68.92 67.08 70.60 67.09 70.48

After

Control 68.94b 2.13 69.95 66.29 71.59 65.29 70.33 0.001*

Eggshell NPs only 75.61a 2.66 74.65 72.30 78.91 73.21 78.88

Seashell NPs only 74.95 a 1.17 74.89 73.50 76.40 73.51 76.19

Eggshell NPS + Nd:YAG laser 76.20 a 4.00 77.46 71.23 81.18 71.02 80.69

Seashell NPs + Nd:YAG laser 76.02 a 1.83 76.75 73.75 78.30 73.23 77.71

Percent
change

Control 0.09y .07 0.13 0.01 0.18 0.02 0.16 0.016*

Eggshell NPs only 11.52 x 6.84 15.34 3.04 20.01 1.19 17.57

Seashell NPs only 10.98 x .90 11.10 9.86 12.10 9.50 11.75

Eggshell NPS + Nd:YAG laser 14.30 x 7.04 17.10 5.56 23.05 5.51 20.56

Seashell NPs + Nd:YAG laser 10.43 x 1.37 10.87 8.73 12.12 8.90 12.10

Significance level P ≤ 0.05, ns = non-significant, *Significant. Post hoc test: Within the same comparison, means sharing the same superscript letter are not 
significantly different.

Table 7. Descriptive Statistics and Comparison of the Mean Values and Mean Percentage Changes of the Ca/P Ratio Between the Groups

Ca/P ratio Mean SD Median

95% CI for Mean

Min Max P ValueLower 
Bound

Upper 
Bound

Ratio before

Control 2.22 0.20 2.32 1.97 2.48 1.88 2.37 0.356 ns

Eggshell NPs only 2.14 0.30 2.08 1.77 2.50 1.83 2.63

Seashell NPs only 2.09 0.13 2.07 1.92 2.25 1.92 2.27

Eggshell NPS + Nd:YAG laser 2.01 0.11 2.05 1.87 2.15 1.81 2.09

Seashell NPs + Nd:YAG laser 2.21 0.15 2.22 2.03 2.40 2.04 2.39

Ratio after

Control 2.23b 0.21 2.33 1.97 2.49 1.88 2.37 0.005*

Eggshell NPs only 3.14a 0.47 2.94 2.56 3.72 2.73 3.73

Seashell NPs only 3.00 a 0.19 2.98 2.77 3.23 2.78 3.20

Eggshell NPS + Nd:YAG laser 3.30 a .71 3.44 2.42 4.17 2.45 4.18

Seashell NPs + Nd:YAG laser 3.19 a 0.31 3.30 2.81 3.57 2.74 3.49

Ratio percent

Control 0.31y 0.23 0.43 0.03 0.59 0.04 0.53 0.017*

Eggshell NPs only 49.72x 32.12 60.52 9.83 89.60 4.45 83.21

Seashell NPs only 43.85 x 3.45 44.19 39.56 48.14 39.67 49.00

Eggshell NPS + Nd:YAG laser 65.15 x 38.42 80.26 17.44 112.85 19.02 106.47

Seashell NPs + Nd:YAG laser 43.87 x 7.89 43.77 34.07 53.67 34.19 53.21

Significance level P ≤ 0.05, ns = non-significant, *Significant. Post hoc test: Within the same comparison, means sharing the same superscript letter are not 
significantly different.
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recommended by previous researches for treatment of 
dentin hypersensitivity.33,34 

The ESEM and EDX were used to study the surface 
morphology, calcium, and phosphate composition of 
the specimens before and after the treatment. No metal 
sputter coating was required, so the same sample was 
continuously evaluated throughout the study. Also, 
several authors have warned that conventional SEM 
sample preparation could result in the dissolution of 
organic and inorganic chemical deposits that could 
be precipitated from the desensitizing agents. Third, 
the surface preparation and high vacuum drying of 
conventional SEM may introduce artifacts and cracks 
which may make the interpretation of the results difficult 
or even infeasible.32 

To standardize the working area, we made a small facet 
in the center of each dentin disc using a round bur. For 
ESEM-EDX investigations, this area was divided into 
quarters by drawing two radial lines through the center of 
this facet (circle, then ESEM-photomicrograph was taken 
at the center of the circle), as shown in Figure 5B.

Regarding the effect of the tested materials on dentinal 
tubules occlusion, Ca wt%, and Ca/P ratio, ESEM-EDX 
analysis showed that the groups treated with eggshells 
or seashells nanoparticles alone or combined therapy 
had a significantly higher occlusion rate, Ca weight %, 
and Ca/P ratio after therapy compared to the control, 
thus the the first null hypothesis was rejected. This can 
be attributed to the blockage of open dentinal tubules 
by calcium phosphate deposits on the dentin surface 
which was confirmed by the EDX analysis of the Ca wt 
% and Ca/P ratio of the treated dentin. These results are 
consistent with the results of a previous study,20 which 
showed the occlusion of DTs by nano hydroxyapatite 
synthesized from eggshells. 

Likewise, the present findings are supported by a 
previous study, in which the toothpaste toothpaste 
containing CaCO3 was able to form a new film on the 
dentin surface, thereby occluding the dentinal tubules. 
This fact strongly supports our ESEM results after treating 
dentin discs with nano seashell paste.35 

Correspondingly, the current findings confirm the 
confirm the research results in which cockle shells are 
composed of approximately 96% CaCO3, while other 

constituents include organic matter and oxides like SiO2, 
MgO and SO3.

36 Both Cockle shells and coral exoskeletons 
have similar minerals and physicochemical characteristics 
to bone and can be used as good alternative biomaterials 
for regeneration. Also, this fact was in the same line with 
another study, which recorded a significant increase in 
dentinal tubule occlusion using nano seashells.37 

Contrasting effects of different treatments on the 
occlusion of DTs between the groups, with the greatest 
percentage reduction in the number of DTs, were 
recorded in the seashell NPS + Nd: YAG laser, followed 
by the eggshell NPs + Nd: YAG laser. This contradicts the 
mean percent changes of Ca wt% and Ca/P ratio, and the 
greatest percentage increase was recorded for the eggshell 
NPS + Nd: YAG laser. This difference can be attributed to 
the blockage of the dentinal tubules on the dentin surface 
by mineral deposits other than calcium and phosphorus 
when treated with the seashells + Nd: YAG laser.

Furthermore, there are no significant differences 
between the eggshell and seashell groups either as a single 
or combined treatment with respect to the percent changes 
of the opened dentinal tubule number, Ca(wt)% and Ca/P 
ratio, thus the second null hypothesis was accepted. This 
could be related to two main reasons: first, both materials 
are based on similar chemical composition of CaCO3; 
the second is the nano-scale particle size of the tested 
materials, which provides superior functional properties 
and high bioactivity due to its grain size, crystallinity, and 
surface area to the volume ratio in the oral environment 
compared to its micro-scale sized counterparts. Since 
the ratio of the surface area and surface atoms increases 
with decreasing the particle size, more ionic components 
penetrate into the dentinal tubules which may lead to 
better tubular occlusion.

The application of eggshell or seashell nanoparticles 
prior to Nd:YAG laser did not significantly reduce the 
number of open dentinal tubules compared to treatment 
alone. Similarly, there was no statistically significant 
increase in ratio, thus the third null hypothesis was 
accepted. These findings were confirmed by the EDX 
results. These outcomes may be related to the reduction 
in the absorption potential of calcium bicarbonate 
nanoparticles by the laser beam and thus the heating 
effect of Nd: YAG laser on the dentin surface by the 

Figure 12. Bar Chart Illustrating the Mean Percentage Change of Calcium 
Weight % In Different Groups

Figure 13. Bar Chart Illustrating the Mean Percent Change of the Calcium/
Phosphorus Ratio in Different Groups
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nanoparticles. 
This fact is in accordance with a previous study, which 

concluded that the diode laser and dentifrice containing 
both arginine and CaCO3 were effective in reducing 
dentinal permeability, and the combination of the two 
treatments did not show better results than either one 
used alone.38 This can be supported by a previous study, 
in which the combination therapy of the acidulated 
phosphate fluoride gel and Nd: YAG laser did not 
promote an additional effect.39 

On the other hand, the literature contradicts a previous 
study that reported an effective treatment regimen for 
dentin hypersensitivity by applying nanohydroxyapatite 
combined with Nd:YAG laser as a desensitizing agent.31 

This inconsistency may be related to differences in 
material composition, form, and methodology which 
may affect the outcomes of the results.

Conclusions
Within the limitation of this study, both eggshell 
and seashell nanoparticles are affordable and 
effective materials in occluding dentinal tubules and 
remineralization. Under the condition of this study, Nd: 
YAG laser combined with the two materials provided no 
benefit compared to the effects of the treatments alone.
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