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Objectives This study aimed to test the efficacy of two experimentally produced
eggshell-based toothpastes on dentinal tubules occlusion.

Materials and Methods Two experimental eggshell toothpastes, based on natural
ingredients, with or without titanium dioxide nanoparticles (TNPs) were produced
and coded “TNPs eggshell toothpaste [TNPsESTP]” or “eggshell toothpaste [ESTP],”
respectively. Mid-coronal dentin discs, from 28 human extracted molar teeth, etched
with 37% phosphoric acid for 60 seconds to simulate the hypersensitive dentin, were
randomly divided into four groups—G1: no treatment (negative control), G2: ESTP
treated, G3: TNPSESTP treated, and G4: Biorepair treated (positive control). All treated
discs were brushed for 2 weeks and 1 month using a toothbrush simulator at 40 mm/s.
Dentinal tubules occlusion was studied using a cross-polarization optical coherence
tomography (CP-OCT) and scanning electron microscopy (SEM).

Statistical Analysis Unpaired t-test was conducted using GraphPad software (San
Diego, California, United States). Continuous variables were expressed as means *
standard deviation and p < 0.05 was considered statistically significant.

Results From CP-OCT, a marked increase in surface reflectivity of dentin was
observed after brushing with tested toothpastes. ESTP and NPsESTP showed higher
or comparable grayscale values than Biorepair indicating increase in surface density
of dentin. From SEM, at 2 weeks, ESTP showed comparable number of completely
occluded dentinal tubules to Biorepair. TNPSESTP showed significantly lower numbers
of CODT than Biorepair. At 1 month, the number of CODT was difficult to count for
all treated groups. Both ESTP and TNPsSESTP showed significantly higher numbers of
partially occluded dentinal tubules than Biorepair.

Conclusion ESTP or TNPSESTP could offer a cost-effective substitute for the treat-
ment of dentin hypersensitivity.
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Introduction

Dentin hypersensitivity (DH) is a major health care problem
affecting both younger and older populations. It is charac-
terized by a short, sharp pain of unexplained reason that
might occur in response to chemical (e.g., excessive acidic
drinks or bleaching) or mechanical factors (e.g., vigorous
tooth brushing). In older population, DH can be associated
with root exposure especially after periodontal treatment.!

The most accepted theory, explaining the pain associated
with DH, is “hydrodynamic” that relates it to the stimula-
tion of baroreceptors in response to fluid movement within
dentinal tubules. The more opened the dentinal tubules,
the more sever the pain. Occlusion of dentinal tubules
was therefore considered as the main treatment option for
reducing DH.>* Many commercially available toothpastes
have been proposed for such purpose. They depend on the
incorporation of active ingredients with remineralizing
potential® such as nanohydroxyapatite (e.g., Biorepair Fast
Sensitive Repair),® casein phosphopeptide-amorphous cal-
cium phosphate (e.g., GC tooth mousse),” or fluoride (e.g.,
Sensodyne Repair & Protect).® However, there is no gold stan-
dard toothpaste that could afford complete and persistent
cure. The action of most toothpastes is only temporary and
any dietary challenge (e.g., acidic drinks) might remove the
blocking agent and reopen the dentinal tubules. Due to the
slow release of some active ingredients, the effectiveness of
these toothpastes might take several weeks.

Recently, the use of natural products as a cost-effective
treatment option has gained popularity. Eggshell powder
(ESP) has attracted researchers’ attention as enriched vita-
min-mineral supplements for postmenopausal women for
the prevention and treatment of osteoporosis.>!° ESP is a rich
source of calcium, phosphorus, strontium, zinc, fluoride, and
copper that could help in remineralization.!''? It increases
bone density," and reduces resorption and pain. When tested
in rats and human, it shows antirachitic effect.' In dentistry,
ESP found an interest as a pulp capping material™® and in
treating enamel erosion.'®

This study is therefore aimed to develop toothpastes based
on: (1) ESP as a rich source of ions for remineralization, (2)
potato powder as a source of fluoride,"” (3) baking soda as a
source of sodium, (4) titanium dioxide nanoparticles (TNPs)
due to its antibacterial action,'® and (5) clove oil due to its
sedative!® and inhibitory action on demineralization.® The
efficacy of these experimental toothpastes on dentin reminer-
alization was compared with “Biorepair Fast Sensitive Repair.”
The null hypothesis was “there is no significance in the dif-
ference between experimental toothpastes and Biorepair Fast
Sensitive Repair on dentinal tubules’ occlusion.”

Materials and Methods

Experimental Toothpaste Preparation

The composition of the two experimental toothpastes as well
as Biorepair Fast Sensitive Repair that was used as a positive
control is given in ~Table 1.
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Preparation of Dentin Discs

A total of 28 human extracted third molar teeth were used
after getting ethical approval (no. 102-11-17). Mid-coronal
dentin discs of approximately 1 mm thickness were prepared
using a diamond saw (TechCut 4TM, Allied, United States) and
mounted in a self-cure acrylic resin. The discs were smoothed
with #240, 400, and 600 grit silicon carbide, etched with 37%
phosphoric acid for 60 seconds, ultrasonically washed with
distilled water for 2 minutes and left to air dry for few min-
utes. Etched dentin discs were then randomly divided into
four groups as follow: G1: etched dentin received no treat-
ment as a negative control (n = 4), G2: etched dentin brushed
with eggshell toothpaste (ESTP) (n = 8), G3: etched dentin
brushed with TNPs eggshell toothpaste (TNPSESTP) (n = 8),
and G4: etched dentin brushed with Biorepair as a positive
control (n = 8).

Tooth Brushing Simulation
A slurry from each toothpaste was prepared at a tooth-
paste: distilled water ratio of 1:3. Samples were mounted on
the toothbrush simulator (ZM-3.8, SD Mechatronic GmbH,
Germany) and approximately 10 mL of the toothpaste slurry
was used to cover each dentin disc. The tooth brushing was
carried out using classic soft brushes at 40 mmy/s in a circular
motion to simulate a period of 2 and 4 weeks. Assuming that
the brushing is three times/day; each time takes 3 minutes
and the number of teeth is 28, the brushing time (minute) for
each tooth, that corresponds to 2 or 4 weeks, was calculated
from the following equation:

No. of brushing per day x time of brushing (minute)

Brushing time minute= X
No. of teeth in a mouth x no. of days

The brushing time was then converted into cycles, taking
into account that each cycle takes a second (i.e., 60 cycles/min)
using the following equation:

No. of brushing cylces = Brushing time minute x no. of
cycles per minute

At each time point, dentin discs were removed and washed
with distilled water and left to air dry.

Table1 Composition of experimental and control toothpastes
used in this study

Toothpaste Composition
(code)

Eggshell tooth- 7 g eggshell powder
paste (ESTP) 1 g potato powder

1 g baking soda
1 g oil of clove

Titanium dioxide
nanoparti-
cles-containing
eggshell tooth-
paste (TNPs-ESTP)

Biorepair Fast
Sensitive Repair
(Biorepair)

7 g eggshell powder

1 g potato powder

1 g baking soda

1 g titanium dioxide nanoparticles
1 g oil of clove

Aqua, zinc hydroxyapatite, glycerin, sorbitol,
silica, PEG-32, cellulose gum, aroma,
sodium myristoyl sarcosinate, sodium
methyl cocoyl taurate, citric acid, phenox-
yethanol, benzyl alcohol, sodium benzoate

© 2021. European Journal of Dentistry.



Cross-Polarization Optical Coherence Tomography

A cross-polarization optical coherence tomography (CP-OCT;
IVS-300, Santec, Japan) was used to examine the dentin
samples. A continuous wavelength scanning diode laser
centerd near 1,310 nm with a wavelength range of 100 nm
was used at a scanning rate of 30 kHz, axial resolution of
approximately 12 um and lateral resolution of 30 um. The
samples were scanned in a noncontact mode. The size of
the cross-section (B-scan; two-dimensional [2D]) was about
500 x 924 pixels which correspond to 5 x 8.18 mm? (X, Z).
The specimen was placed on a micrometer stage with the
treated surface positioned perpendicular to the projected
OCT light source and away from the handheld OCT probe
by 0.5 mm to obtain three tomographic images at every
500 um. The obtained OCT data were analyzed using an
image analysis software (Image] v. 1.45q, National Institutes
of Health).?"*2 The obtained data were converted to eight-bit
grayscale, followed by adjusting the dentin surface with hor-
izontal plane (zero degree) followed by adjusting the scale
according to the acquired OCT data (pixel size). Then, five
equal areas (0.20 mm width x 0.50 mm depth) as a represen-
tative dimension of the area of interest (AOI) were selected
within the outer dentin surface at different locations. Then,
the maximum pixel values (MPVs) of AOI were measured
from the OCT grayscale image by analyzing the intensity of
light by linearly scaling the pixels from minimum to maxi-
mum, which is basically 0 to 255 as a display range where
zero corresponds to black pixel (i.e., low signal interference),
while 255 corresponds to white pixel (i.e., high signal scat-
tering and interference).

Scanning Electron Microscopy

Dentin discs were dried using serial dilution of alcohol, crit-
ically dried for 30 minutes, mounted on metal stubs, coated
with carbon, and examined using scanning electron micros-
copy (SEM, JEOL JSM6480LV, United States) after sputter
coating. Mean * standard deviation (SD) of the diameter and
number of opened, partially closed, and completely closed
dentinal tubules in an area of 125 x 90 um? for each group
after 2 weeks and 1 month was calculated.

Statistical Analysis

For the number of opened and partially closed dentinal
tubules, the unpaired t-test was conducted using GraphPad
software (San Diego, California, United States). Continuous
variables were expressed as means + SD and p < 0.05 was
considered statistically significant.

Results

Cross-Polarization Optical Coherence Tomography

In OCT imaging, the detected interference along the course
of the laser beam at a specific location inside a scattering
biological structure is described as A-scan, which demon-
strated as a profile of signal intensity. A compilation of
A-scan with different signal intensity values will reconstruct
a 2D cross-sectional grayscale image of the scanned structure
(B-scan). After processing the raw data, B-scans showed areas
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with different gray shades. Some areas were showing high
signal intensity in the form of bright pixels, while other areas
were showing low signal intensities in the form of dark pix-
els. The representative B-scan, surface topography, and sur-
face reflectivity of negative control (~Fig. 1), ESTP (~Fig. 2),
TNPSESTP (=Fig. 3) and Biorepair positive control (~Fig. 4
[I'and I1]) groups showed a marked increase in surface reflec-
tivity of dentin with increasing time of paste application. The
collective MPV value for all groups at 2 weeks and 1 month
is shown in =Fig. 4 (III). As seen, at 2 weeks, the MPV follows
this order: TNPSESTP (191) > ESTP (187) > negative control
(174) > Biorepair (170). At 1 month, the MPV follows this
order: ESTP (221) > TNPSESTP = Biorepair (204) > negative
control (174). The MPV for all treated groups was higher at
1 month compared with 2 weeks.

Scanning Electron Microscopy

~Fig. 5 shows the SEM images of etched dentin. As seen all
dentinal tubules were patent with an average diameter of 2.8
+ 0.9 pm. After brushing with the ESTP, the occlusion of den-
tinal tubules was observed. As a result, a reduction in diam-
eter of dentinal tubules occurred (=Table 2). For all treated
groups, a complete occlusion of dentinal tubules started at
2 weeks and increased at 1 month. Therefore, it was diffi-
cult to count the number of completely occluded tubules at
1 month. The number of completely closed dentinal tubules
in an area of 125 x 90 um? followed this order Biorepair >
ESTP > TNPSESTP. At 2 weeks, only TNPSESTP showed sig-
nificantly lower number than Biorepair. A reverse order
was observed regarding the number of opened or partially
closed dentinal tubules where TNPSESTP > ESTP > Biorepair.

B-scan

Reflectivity (Grayscale)

0 30 6 9% 120 150 150 210 260 270 300
Depth (mm)

‘ O signal

/

Fig. 1 Etched dentin (negative control) group: Representative B-scan
shows the gradual decrease in the signal intensity on Z-axis (A).
Typical OCT image (B) and its analysis (C,D) showed the presence of
a band of bright pixels along the surface; the broken line represent-
ing A-scan. The surface plot (C) showed the presence of several high
peaks of bright pixels at the dentin surface with gradual decrease
at deeper level. The plot profile of A-scan (D) shows the MPV at
outer surface. D, dentin; MPV, maximum pixel value; OCT, optical
coherence tomography.
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0 30 60 9 120 150 18 20 240 270 300
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Fig. 2 ESTP group: (I) Representative B-scans after 2 weeks (A, B) and 1 month (C, D). Constant application of ESTP for 1 month has markedly
increased the surface reflectivity of the dentin as indicated by the solid white triangles in comparison to the same area indicated by hollow
triangles. (II) Representative OCT scans and their signals analyses after 2 weeks (a, 4) and 1 month (b, b’); the vertical broken lines represent
A-scan. As seen, an intense backscattered reflection was observed after 1 month (b) in comparison to the light bright band of pixels seen after
2 weeks (A). The presented surface plots (4, b’), correspond to the OCT scans in (a) and (b), respectively, showed modifications in the surface
density of dentin as indicated by the variation in grayscale peaks. The signal reflectivity at the outer dentin surface after 1 month was greater
than 2 weeks (c). D, dentin; ESTP, eggshell toothpaste; OCT, optical coherence tomography.

Table 2 Mean % SD of the diameter and number of dentinal tubules in an area of 125 x 90 pm2 for each group after 2 weeks

and 1 month
Sample Diameter of dentinal tubules (pm)
2 wk (*)/(¥) | 1mo (*)/(¥)
ED 2.8%0.9
ESTP 1.3+0.4(0.02)/(0.16) 1.7 £ 0.5 (0.07)/(0.03)
TNPSESTP 1.5+ 0.3 (0.03)/(0.03) 1.5+ 1.0 (0.1)/(0.24)
Biorepaire 0.9 £0.3(0.007) 0.8 £0.4 (0.006)
Number of dentinal tubules in area of 125 x 90 pm?
Sample 2 wk 1 mo
OoDT PCDT CCDT OoDT PCDT CCDT
)/ (/e (/¥ (/0¥ (/0¥ )/
ED 198 +2 - - 198 +2 - -
ESTP 43 +1(0.0001)/(0.001) | 90 15/ 45+ 11/ 4+1(0.0001)/(0.20) 105 + 15/ a
(0.38) (0.18) (0.009)
TNPSESTP 106 + 6 (0.0001)/ 191+8/ 13+1) 42 +4(0.0001)/(0.0001) | 1527/ a
(0.0001) (0.003) (0.03) (0.0001)
Biorepaire 15+10(0.0001) 64+ 54 85+52 3+1(0.0001) 74+7 2

Abbreviations: CCDT, completely closed dentinal tubules; ESTP, eggshell toothpaste;

tubules; SD, standard deviation; TNPsESTP, titanium dioxide nanoparticles eggshell toothpaste.
Note: Both (*) and (¥) represent the t-tailed p-value when negative (etched dentin) and positive control used, respectively.

Difficult to count the number of dentinal tubules.

European Journal of Dentistry Vol. 15 No. 4/2021
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Fig. 3 TNPSESTP group: (1) Typical B-scans after 2 weeks (a, b) and 1 month (c, d). The signal reflectivity from the dentin surface along Z-axis
increased after 1 month (solid white triangles) compared with 2 weeks (hollow triangles); this was also associated with a change in surface
topography. (I1) Representative OCT scans and their signals analyses after 2 weeks (a, 4) and 1 month (b, b’); the vertical broken lines represent
A-scan. As seen, an intense backscattered reflection was observed after 1 month (b) in comparison to the light bright band of pixels seen after
2 weeks (a). The presented surface plots (4, b’), corresponding to the OCT scans in (a) and (b), respectively, showed an increase in surface den-
sity as indicated by the difference in grayscale peaks. The signal reflectivity at the outer dentin surface after 1 month was greater than 2 weeks
(c). D, dentin; OCT, optical coherence tomography; TNPsESTP, titanium dioxide nanoparticles eggshell toothpaste.

(n (1)

Negative Control
ESTP

B e TNPSESTP
p Biorepaire)

150

Signal Reflectivity (Grayscale)

o 30 e % 10 15 18 20 260 20 300

250 o i
wy —— Negative Control
ESTP

——— TNPSESTP
Biorepair®)

Signal Reflectivity (Grayscale)

b ® © » m om om ow ow ow ow
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Signal Reflectivity (Grayscale)

100 150 200 250 300
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n

Fig. 4 Biorepair (positive control) group: (I) Representative B-scans for 2 weeks (a, b) and 1 month (c, d). A marked increase in surface reflectiv-
ity of dentin (solid white triangles) along Z-axis was observed in comparison to the same area indicated by hollow triangles. (Il) Representative
OCT scans and their signals analyses after 2 weeks (a, 4) and 1 month (b, b’); the vertical broken lines represent A-scan. After 2 weeks, a light
bright band of pixels was seen along the surface in comparison to the intense backscattered reflection after 1 month. The presented surface
plots (4, b’), corresponding to the OCT scans in (a) and (b), respectively, showed an increase in surface density as indicated by the difference
in grayscale peaks. The signal reflectivity at the outer dentin surface after T month was greater than 2 weeks (c). (lll) Representative plot of
signals for different groups after 2 weeks (a) and 1 month (b) acquired by A-scan measurement of MPV. D, dentin; MPV, maximum pixel value;

OCT, optical coherence tomography.

European Journal of Dentistry Vol. 15 No. 4/2021 © 2021. European Journal of Dentistry.
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Fig. 5 Scanning electron microscopy images of etched dentin (A), etched dentin after treatment with ESTP (B, C), TNPSESTP (D, E), and
Biorepair (F, G) for 2 weeks and 1 month. ESTP, eggshell toothpaste; TNPsESTP, titanium dioxide nanoparticles eggshell toothpaste.

Both ESTP and TNPsESTP showed significantly higher number
of partially closed dentinal tubules at 4 weeks than Biorepair.

Discussion

This study investigated the remineralizing potential of the
experimental eggshell-based toothpastes in comparison to
etched dentin as a negative control and Biorepair as a pos-
itive control.

The CP-OCT system, based on near-infrared imaging,
scans the substrates in a noninvasive mode. Changes in the
mineral content of dental tissues is usually associated with
some surface changes that will be perceived as light scatter-
ing on CP-OCT grayscale. Each pixel in a grayscale image has a
solitary value conveying only intensity information. The gray
shades on an image ranges from black (i.e., zero intensity) to
white (i.e., maximum intensity of 255). Unlike swept-source
OCT, CP-OCT contains a second polarizer that eliminates the
“specular reflection” that forms over the imaged flat surfaces.
CP-OCT had been therefore successfully used to investigate
the changes in dental tissues.?'?* When the light is emitted
from the OCT, it will pass through the air into dentin sur-
face. As the refractive index (RI) of air is 1, the light passes
through the air without any scattering or reflection. Due to
the increase in RI of dentin (1.4-1.6),* the speed of light
will decrease when it reaches the dentin surface. Thus, on
the OCT grayscale, the air appears as dark pixels, while any
change in dentin surface appears as dark and bright pixels.
Furthermore, with any increase in substrate density, the OCT
light will undergo reflection and/or refraction. Therefore, the
MPV was used to detect the changes in dentin surface.?>-

In this study, etching with 37% phosphoric acid for
60 seconds was used to simulate the hypersensitive den-
tin containing opened dentinal tubules. Toothpastes were
applied to etched dentin using a toothbrush simulator with
controlled movement and force application. The tooth brush-
ing was carried out using classic soft brushes to simulate

European Journal of Dentistry Vol. 15 No. 4/2021

the clinical situation of DH where soft brushes are recom-
mended.?® Circular motion was chosen for brushing as an
effective way of removing dental plaque and maintaining gin-
gival health.?® The number of brushing cycles was calculated
assuming the ideal scenario for routine tooth brushing (three
times/day and each time takes approximately 3 minutes)
and the number of teeth is 28. According to this assumption,
each tooth is subjected to 20 seconds of brushing/day which
is nearly double that used in other studies.?**! This differ-
ence could be related to the difference in number and time
of brushing per day.>**' Finally, the brushing time was then
converted into brushing cycles after considering the time
taken for each brushing cycle under the used testing setting.
The tooth brushing was carried out for 2 weeks and 1 month;
the effect of acid or temperature challenge will be considered
in future work. The efficacy of the experimental toothpastes
was studied by their ability to block dentinal tubules and
remineralize the intertubular dentin.

As observed the experimental toothpastes showed com-
parable results to Biorepair. This could be related to the
release of calcium, phosphorus, and fluoride ions that are
essential for remineralization. With TNPsESTP, the pres-
ence of TNPs could also have accounted for dentinal tubules’
occlusion. The results of this study are in agreement with
those obtained by Onwubu et al.>*3* In one of Onwubu et
al’s studies, a slurry of both ESP with or without TNPs was
used. The slurry was prepared by mixing 1g of powder with
40 mL of deionized water. In the present study, however,
other ingredients as shown earlier were included in the paste
and the slurry was prepared at powder:liquid ratio of 1:3 to
produce a paste with a consistency similar to the regular
toothpaste. The samples in Onwubu et al’s study were shaken
for 3 hours in the presence of eggshell slurry, then they were
subjected to 2 wt% citric acid challenge for 5 minutes. In the
present study, however, brushing of etched dentin with the
eggshell paste was attempted using the toothbrush simula-
tor to mimic the clinical application of the proposed paste.

© 2021. European Journal of Dentistry.



The use of acid challenge however will be considered in the
future work to check the stability of tubules occlusion due
to paste applications. In another study by Onwubu et al,*®
the slurry was prepared at a ratio of 100 mg of ESP to
200 pL of deionized water and tooth brushing was carried
out using a battery-powered toothbrush twice/daily for
7days, 1 minute each time; the samples were kept in saliva
in-between brushing. Regardless of this short time period, a
significant reduction in number of opened dentinal tubules
was observed with the eggshell paste when compared with
the commercially available Sensodyne Repair & Protect and
Colgate Pro-Relief toothpastes. Furthermore, in Onwubu et
al’s studies, bovine incisors were used; however, in the pres-
ent study, human extracted molar teeth were used.?*3*

With Biorepair, the active ingredient, responsible for
occlusion of dentinal tubule and dentin remineralization,
is nanohydroxyapatite. The presence of hydroxyapatite in
a nanoscale enhances its rapid dissolution and hence early
occlusion of dentinal tubules.?> Furthermore, these nano-
crystals are similar in morphology and structure to tooth
apatite.® The released ions could act as a template for crys-
tal growth and mineralization, and this could explain the
increase in number of occluded dentinal tubules with time.
According to the results of the present study, there was no
strong evidence to reject the null hypothesis.

Conclusion

Under the limitation of the present study, the experimen-
tal toothpastes were effective in the occlusion of dentinal
tubules and remineralizing of intertubular dentin. They also
showed comparable results to Biorepair Fast Sensitive Repair.
Therefore, they could be potentially used as a cost-effective
treatment for DH.

Conflict of Interest
None declared.
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