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ABSTRACT

Objectives: The purpose of the study was to compare the efficiency of different agarose-based
hydrogels in the treatment of dentin erosion. Methodology: Eighteen human molars were collected.
Radicular part of each molar was removed, while coronal part was sectioned mesiodistally. Two
dentin slabs were obtained from each molar. Dentin specimens were immersed in Coca Cola
beverage (Coca-Cola® Co., Egypt) for 25 hours. Specimens in group I were stored in artificial
saliva (control), in group II they were treated with agarose hydrogel system, in group III chitosan
was added, and in group IV agarose hydrogel system was loaded with Emdogain. Hydrogels were
applied to specimens for 5 hours. This procedure was repeated daily for 15 days. Morphology
of all specimens was investigated by Scanning Electron Microscope. Results: A smear layer
occluding some dentinal tubules was visible in images of sound dentin, while after immersion
in Coca Cola images showed exposure of tubules’ orifices. In group I, images revealed partially
obliterated and opened tubules, while in group II they revealed partial obliteration of all tubules.
Additionally, images of group III exhibited mild sclerosed dentinal tubules with enamel prism-like
grown crystals, and in group IV presented regenerated crystals assembled into parallel bundles.
Conclusion: Dentin erosion cannot be treated with artificial saliva. Agarose hydrogel group resulted
in formation of enamel prism-like structures, Chitosan group showed densely packed crystal layer
covering dentin surface, and Emdogain group revealed the formation of regenerated crystals and
parallel bundles masking dentinal tubules openings.
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INTRODUCTION

Human teeth are a fascinating biological material,
a constant concern regarding public health, and an
economically relevant factor of global importance
for human society'?. Structurally, an enamel layer
covers the dentin core in the crown portion of the
tooth, while a cementum layer covers the dentin
core in the root.

By weight, dentin is made up of around 70%
inorganic matrix, 20% organic matrix, and 10%
water’. Apatite crystals (Cal0(PO4)6(OH)2)4 make
up the inorganic portion, whilst 10% non-collagenous
proteins (NCPs) and 90% type I collagen make the
organic one’. The dentin macroscopic architecture
is defined by the presence of numerous 1xm parallel
dentinal tubules that are oriented radially from the
pulp to the dentin—enamel junction. These tubules
are surrounded by a highly mineralized cuff called
the peritubular dentin containing apatite crystals
and a small amount of collagen, while the interstitial
space between these cuffs is termed the intertubular
dentin®’.

Dental erosion is the process by which non-
bacterial acids chemically dissolve the minerals
that make up tooth structure. It can have an intrinsic
(gastro-esophageal) or extrinsic (diet) origin. Recent
major lifestyle changes have resulted in increased
consumption of foods and beverages rich in acids,
making erosion a key therapeutic concern®’.

In vitro, tooth minerals already dissolve at pH
values below 5.5'°. The presence of Ca2+ and PO4
3—ions in saliva and plaque fluid, which can function
as a buffer system, might cause variations in this
essential pH value in the oral cavity'. Furthermore,
the time of exposure, quality and quantity of the
pellicle layer, and the subsequent activities taken
after consuming acidic food, all affect the actual
effectiveness and extent of damage caused by an acid
attack''. The dentin of healthy teeth is not subjected
to the harsh circumstances found in the oral cavity,
such as sharp variations in pH and temperature. On
the other hand, under specific clinical circumstances
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such severe gingival recession or localized enamel
layer abrasion, this might be the case'.

The dramatic effect of erosion on dental tissues
presents as modifications to the surface shape,
variations in surface roughness, and even mineral
loss in teeth'>'>. In dentin erosion, denaturation of
dentin organic proteins and proteoglycan molecules
exposes the collagen fibrils. The exposed fibrils
could be further susceptible to degradation by
bacteria and matrix metalloproteinases (MMPs),
which progressively weaken the dentin matrix'®!".
An attempt to stabilize this collagen ultrastructure
can significantly enhance the mechanical integrity
of dentin, and preventing further degradation
causing desensitization.

The creation of new minerals is facilitated by
the supersaturation of saliva with Ca2+ and PO4
3— ions under physiological conditions. However,
this natural remineralization process is slow and
insufficient to counteract the extrinsic erosive
impacts of teeth that must endure throughout
their lifetime.'®. Therefore, using non-restorative
preventive techniques to preserve the integrity and
health of demineralized, non-cavitated dentin is
the recommended course of action'®. Biomimetic
remineralization is a prominent and well-established
concept on the scientific research network.

Ionic and non-ionic agarose hydrogel is applied
over the lost non-carious tooth enamel to create a
favorable biomimetic milieu for human enamel
and dentin remineralization. Agarose, a naturally
occurring polysaccharide derived from red algae,
has been shown to generate thermo-reversible
hydrogels thatresemble gel-like organic matrices and
facilitate the growth of prism-shaped hydroxyapatite
crystals®, It is one of the non-collagenous biological
materials that is employed as a template in tissue
engineering to regulate the self-assembly of the
hydroxyapatite nanocrystals into nanorod crystals
because of its repeating anionic -OH groups®'?2.
The adjustable qualities of agarose, in addition to its
great biocompatibility and inexpensive cost, make it
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ideal for a range of medical applications, including
drug delivery systems and the regeneration of bone
and cartilage®.

The enamel matrix derivatives (EMDs) are mar-
keted under the brand name Emdogain. Emdogain
is a product primarily employed in the remineraliza-
tion of dentin and enamel as well as directed tissue
regeneration®*?’. In addition, chitosan and its de-
rivatives have emerged as a new class of novel bio-
materials?®. One of the chitosan derivatives, phos-
phorylated chitosan, has metal-chelating, osteo-in-
ductive, antibacterial, and biocompatible qualities.
It functions as a non-collagenous protein analog
that imitate the natural protein functional domains
which control the biomimetic remineralization pro-
cess. Furthermore, incorporation of biopolymers
such as chitosan (3 1—4 N-acetyl glucosamine)
to the inorganic component has been attempted to
crosslink and/or stabilize the collagen fibrils. It is
structurally similar to that of glycosaminoglycans, a
ground substance of dentin®.

The null hypothesis of this study was that
no significant differences between all treatment
modalities in the management of dentin erosion.

MATERIALS AND METHODS
Study design and eligibility criteria

The experiment is a descriptive, in-vitro study.
It was submitted for consideration and approval by
the Scientific Research Ethics Committee, Faculty
of Dentistry, Suez Canal University, (711/2023) 30-
10-2023. All the materials obtained were in their
analytical grade.

Specimens’ collection & preparation

A total of eighteen anonymously human molars
were collected for use in the current study™. All
molars were taken out of patients in the age group
of (25-40) for therapeutic purposes. The study
omitted any teeth with cracks, fractures, white spot
lesions, fillings, hypoplastic diseases, or obvious

(2049)

cavities®'. Any soft tissue that was still present was
manually scaled, then the molars were immersed
in 1% chloramine-T solution for 72 hours for
disinfection®?. After examination, molars were kept
in distilled water with 0.1% thymol in a refrigerator
at 4°C to prevent the growth of bacteria or fungi till
the study start (they were utilized within 1 month of
their extraction)?'3.

The radicular portion of each molar was
removed, while the coronal portion was sectioned
mesiodistally by a diamond coated disc (Buehler,
IL, USA) under water coolant. Two dentin slabs
of 3 mm thickness each were obtained from each
molar by using hard tissue microtome (Yushuoda
Hard Tissue Microtome, Liaoning, China). A total
of thirty-six dentin specimens were obtained and
mounted on resin blocks. The dentin specimens
were then polished using 600 grit silicon-carbide
papers. Only six reference dentin specimens from
total were selected randomly, and coated with
gold sputtering for baseline evaluation of dentinal
tubule using Scanning Electron Microscope (SEM)
(Hitachi S 3400 N SEM, Tokyo, Japan)*.

Beverage exposure

The dentin specimens were then coated with
waterproof nail varnish leaving a workable window
exposed of approximately 3 x 3 mm at the center by
using sticky tape*. In order to expose the dentinal
tubules, all dentin specimens were immersed in
Coca Cola beverage (Coca-Cola® Co., Egypt) (10
specimens/250 ml) for a total of 25 hours (Coca
Cola was replaced every 5 hours). Following Coca
exposure, specimens were rinsed with distilled water
and dried®. Only six specimens were subjected to
SEM examination to confirm the eroded and open
dentinal tubules. According to the experimental
hydrogels, remaining dentin specimens (n=24) were
divided randomly into 4 groups (n = 6) and allocated
as follows: group I: received no treatment (control);
group II: treated with agarose hydrogel; group III:
treated with agarose hydrogel+ chitosan; group IV:
treated with agarose hydrogel+ Emdogain.
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Preparation of experimental hydrogels

Calcium chloride (CaCl,) agarose hydrogel
was prepared by dissolving 0.5g agarose powder
(Genetic Analysis Grade, Fisher Bio-Reagents, UK)
into 100 ml of 0.13M (1.91g) of CaCl, solution.
The latter was prepared by dissolving CaCl,.2H,O
(Analytical Reagent Grade, Fisher Chemical, UK)
in deionized water (Sigma-Aldrich, St. Louis,
MO, USA). On the other hand, Na,HPO, agarose
hydrogel containing 500 ppm fluoride was prepared
by dissolving 0.5g agarose powder into 100 ml of
0.26M (4.63g) of Na HPO, solution containing
500 ppm (0.3g) fluoride. The latter was prepared
by dissolving Na,HPO,2H,O (EMSURE-Merck
KGaA, Germany) and NaF (DHARMA, USA) in
deionized water®. Both mixtures were left to soak
for 30 minutes then heated at 150°C till completely
dissolved and left at room temperature till gelation
and then stored in the refrigerator till using®’.

In case of “chitosan hydrogel”, Calcium chloride
(Ca Cl,) hydrogel was prepared by dissolving
0.13M (1.91g) of CaCl, into 1% (v/v) acetic acid
(Laboratory Reagent Grade, Fisher chemical, UK).
One gram of chitosan (ACROS ORGANICS. New
Jersy, USA. Geel, Belgium) was added, stirred and
heated at 150°C till completely dissolved. Finally,
0.5g agarose was added to the previous solution®.
On the other hand, in case of “Emdogain hydrogel”
(Straumann, Basel, Switzerland.), 4 ml of the
previously prepared Ca Cl, hydrogel was added to
0.2ml of Emdogain (30mg/ml) to achieve a final
concentration of 1.5mg/ml Emdogain + CaCl,
agarose hydrogel*’.

Application of hydrogels

At the time of application, the prepared
hydrogels were preheated to 55°C in water bath.
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A layer of 1mm thickness of Calcium chloride (Ca
Cl)) hydrogel was applied first on the surfaces of
dentin specimens using plastic syringe, and kept
around two hours till gelation. A second layer of
Na,HPO, hydrogel was then added carefully™.
The combined hydrogels were kept on the dentin
surfaces for 5 hours, rinsed in distilled water
(Sigma-Aldrich, St. Louis, MO, USA), and then
stored in artificial saliva which was prepared by
using [Na3PO4 (3.90mM), KCI (17.98mM), NaCl
(4.29mM), MgCl12 (0.08mM)] (Sigma-Aldrich, St.
Louis, MO, USA), CaCI2 (1.10mM) (Analytical
Reagent Grade, Fisher Chemical, UK), [NaHCO3
(3.27mM), H2S04 (0.50mM)]*"*°. This process was
repeated daily for 30 days. The specimens of control
group were stored in artificial saliva for a period of
30 days which was replenished daily®. Finally, the
specimens were examined under SEM for evaluation
of tubules occlusion after 5, 10, and 15 days*.
Qualitative assessment of the photomicrographs
was done based on the surface characteristics and
patency of the dentinal tubules at 2000x and 9000 x
magnifications.

RESULTS

Top view SEM images of sound dentin speci-
mens in transverse (T.S) & longitudinal (L.S) sec-
tions showed smear layer covering the dentinal tu-
bules. The tubules were formed by smooth peritu-
bular dentin (red arrow) surrounding the spaces of
odontoblastic process (blue arrows). The asterisks
refer to smooth intertubular dentin structure (figure
1). After immersing the dentin specimens in Coca
Cola beverage, SEM images in T.S. & L.S. revealed
the removal of smear layer and enlarged dental tu-
bules openings (blue arrows) surrounded by less
regular intertubular dentin in some areas (asterisks).
(figures 2).
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Fig. (1) T.S. and L.S of dentinal tubules before immersion in Coca Cola beverage.
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Fig. (2) T.S. and L.S of dentinal tubules after immersion in Coca Cola beverage.

- Group I (control group): peritubular dentin (red arrows) (figure 3-A), while

In group I after 5 days of storage of dentin the high power of the green inset (figure 3-B)

specimens in artificial saliva, top view SEM im- showed less regular inter tubular dentin (asterisks)
age showed Opened and pa_rtlally occluded den- with small calcified particles deposited and scat-
tinal tubules (blue arrows) surrounded with thin tered on dentin surface (yellow arrows).
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Fig. (3) T.S. of dentinal tubules after 5 days of storage of dentin specimens in artificial saliva
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Figure 4-A presented SEM image in T.S after 10
days in artificial saliva which showed less regular
inter tubular dentin (asterisks) with partially open
dentinal tubules (blue arrows), while under high
magnification (figure 4-B) revealed calcified like
materials attached to the dentin surface& on the
walls of the open tubules (yellow arrows).

After 15 days in artificial saliva, SEM image in
T.S revealed open dentinal tubules (blue arrows)
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with the deposition of external hard like masses scat-
tered on the dentin surface (green arrows) (figure
5-A). Under high magnification, the image showed
fully opened tubules (blue arrows) surrounded with
rough inter tubular (asterisks) & peritubular dentin
(red arrows) (figure 5-B), while SEM image in L.S.
showed opened dentinal tubules under low magnifi-

cation (blue arrows) (figure 6).
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Fig. (6) L.S. of dentinal tubules after 15 days of storage of dentin specimens in artificial saliva
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- Group II (treated with agarose hydrogel):

Regarding to group II, the image in T.S after
5 days treatment with agarose hydrogel showed
regular inter tubular dentin, and thin peritubular
dentin (red arrows) surrounding the space of
odontoblastic process (blue arrows) (figure 7-A),
while figure 7-B at high magnification revealed
that not all the tubules were fully opened. Some
minerals were deposited blocking some dentinal
tubules on their walls (blue arrows), in addition
to small calcified nodules appeared on the surface
(yellow arrows).

After 10 days of treatment, SEM image in
figure 8-A presented partially opened dentinal
tubules (blue arrows), and rough dentin surface
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with scattered minerals clusters deposited on it.
In addition, under high magnification figure 8-B
revealed calcified like material attached to both
inter tubular (asterisks) & peritubular dentin (red
arrows). Furthermore, after 15 days SEM image
in T.S. and under low magnification showed
homogenous dentin surface (asterisks) (figure 9-A),
while under high magnification revealed that almost
the tubules were partially obliterated with enamel
prism-like structures (blue arrows) (figure 9-B).
In addition, it revealed the deposition of calcified
masses on the dentin surface & on the walls of
dentinal tubules (yellow arrows). In L.S., the SEM
image also demonstrated the partial obliteration of
tubules and the presence of calcified like materials
on their walls (figure 10).
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Fig. (8) T.S. of dentinal tubules after 10 days of treatment with agarose hydrogel
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Fig. (9) T.S. of dentinal tubules after 15 days of treatment with agarose hydrogel
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Fig. (10) L.S. of dentinal tubules after 15 days of treatment with agarose hydrogel

- Group III (treated with agarose hydrogel +
chitosan):

The SEM image in T.S. after 5 days treatment of
dentin specimens with chitosan showed rough dentin
surface (asterisks) with clearly opened dentinal
tubules (blue arrows) (Figure 11-A), while the high
power of green inset of figure 11-A revealed small
calcified nodules (yellow arrows) attached to dentin
surface and on the walls of dentinal tubules (figure
11-B). After 10 days of treatment, low magnified
SEM image (figure 12-A) presented mild sclerosed
dentinal tubules (blue arrows), and rough dentin
surface with deposition of prism-like structures
(yellow arrows). In addition, SEM image under high
magnification (figure 12-B) exhibited prism-like

structures scattered on the dentin surfaces (yellow
arrows).

Figure 13-A presented SEM image in T.S after
15 days treatment and showed irregular dentin
surface. Nearly almost the dentinal tubules were
obliterated with enamel prism-like grown crystals
which were closely clusters to form a uniform layer
on the underlying dentin surface (yellow arrows).
The image under high magnification (figure 13-
B) exhibited calcified prism-like structures on the
dentin surface & on the walls of tubules (yellow
arrows). Furthermore, in L.S., SEM image revealed
the obliteration of dentinal tubules (blue arrows)
with calcified materials (yellow arrows) (figure 14).
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Fig. (13) T.S. of dentinal tubules after 15 days of treatment with chitosan
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Fig. (14) L.S. of dentinal tubules after 15 days of treatment with
chitosan

- Group IV (treated with agarose hydrogel +
Emdogain):

Viewing from T.S., the SEM image of dentin
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specimens after 5 days treatment with Emdogain
showed clear spaces of odontoblastic process (blue
arrows) (figure 15-A), while figure 15-B under high
magnification exhibited sclerotic dentinal tubules
(blue arrows) surrounded with smooth peritubular
dentin (red arrows), and less regular inter tubular
dentin (asterisks).

Figure 16-A presented the image of dentin
specimens after 10 days and revealed less regular
dentin surface with partially occluded tubules
(blue arrows). In addition, prism like structures
deposited on the main bulk of the dentin forming
a honeycomb-like morphology. Furthermore, high
power of great inset in figure 16-A showed less
regular inter tubular dentin (asterisks) and the prism
like structures partially obliterated the dentinal
tubules (blue arrows) (figure 16-B).

‘WD17mm_, SS34

SEl 30kV
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Fig. (16) T.S. of dentinal tubules after 10 days of treatment with Emdogain
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Top view of SEM image under low and high
magnifications after 15 days treatment exhibited
with
incomplete developed hexagonal structure which

regenerated crystals (yellow arrows)
are quite like natural enamel crystals. In addition, the
crystals were found fused together forming densely
packed crystal-like layer covering the main bulk

of the dentin (figure 17 A&B). Furthermore, figure

WD17mm = $§S41 _

SEl  30kV ”
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18 A&B revealed that the crystals (yellow arrows)
assembled into parallel bundles (orange arrows)
forming enamel prism-like structures covering
the dentin surface and masking the openings of
dentinal tubules. Also, SEM image in L.S. showed
the occlusion of the tubules (blue arrows) and the
presence of calcified masses on the dentin surface
(yellow arrows) (figure 19).

SEl  20kV WDSmm SS41

Fig. (19) L. S. of dentinal tubules after 15 days of treatment with Emdogain
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DISCUSSION

Dental erosion is a condition of increasing con-
cern, as if it is not early diagnosed and treated it
may cause irreversible damage to the dentition in
subjects of all ages.*! There is common awareness
within the dental professions that dental erosion is
on the increase.*

Park et al., 2017 found that nutritional factors
also contribute significantly to tooth erosion, as oc-
cupation accounted for 37.7% of the erosion and diet
for 23.1%*. Consequently, consumption of acidic
foods and beverages that may erode teeth should be
carefully considered. Moreover, the hydroxyapatite
dissolves at pH 3.0, so beverages with a pH value of
less than 3.0 have a higher risk of producing tooth
erosion. This pH threshold determines the potential
of erosion due to a beverage.** Accordingly, Coca
Cola beverage with a PH value of 2.76 was selected
as an erosive agent in the current study.

The non-invasive therapeutic technique of
remineralization of the superficial dental tissue
has garnered more attention in recent times,
and its therapeutic significance has been widely
acknowledged®. Solutions or gels that are
supersaturated with calcium, phosphate, and fluoride
are the common agents used for enamel and dentin
remineralization.* The aim to remineralize dentin is
to regenerate mineralized collagen matrix and form
hydroxyapatite crystals to block the open dentinal
tubules in order to manage sensitivity, erosion, and
other conditions in a therapeutic setting.*’ Thus, the
study objective was to evaluate the effectiveness of
different agarose-based hydrogels in the treatment

of dentin erosion.

The agarose which is considered as a biomimetic
mineralization system was chosen due to its
potential effect for repairing exposed dentin. The
hydrogel form was found to be the most versatile
growth media for crystals and clinically easier
to handle than a solution system.* Chitosan was
added to the agarose hydrogel model to enhance
the agarose molecules ability to cross-link with
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collagen fibers*°, and to function as a reservoir
for calcium and phosphate ions *'°2. Furthermore,
Emodogain was added to the agarose hydrogel to
mimic the biomineralization process that organic
matrix proteins trigger in the formation of tooth
enamel.”’** The application of the hydrogels was
conducted and lasted for 5 hours/daily which
corresponds with the least amount of human sleep
time, since people could apply the hydrogels in their
mouths for an entire night when used clinically.

Sound dentin specimens were first examined
under SEM which revealed smear layer covering
the dentinal tubules and occluding some of them
(figurel), while after immersion of specimens in
Coca Cola beverage for 25 hours the images showed
the absence of that layer and the exposure of tubules
orifices (figure 2). Our results came in agreement
with the study of Han et al., 2017 denoting the
removal of the inorganic components from the
surface of dentin exposing the organic matrix
(mainly type I collagen).*

Regarding to group I (control group), it was
important to record SEM findings after 5 days of
storage of specimens in artificial saliva. Examination
exhibited the obliteration of dentinal tubules with
small calcified particles scattered on dentin surface
(figure 3 A&B). The previous finding was still seen
even after 10 days, where SEM images showed
calcified like materials attached to the walls of the
open tubules (figures 4 A&B). Our findings were
confirmed by Fateema et al., 2023 who found in
their study that remineralization may be achieved
without remineralizing agent. This may be due to
the readily available mineral components found in
artificial saliva.>*

Additionally, after storing the dentin specimens
in artificial saliva for 15 days, SEM images presented
fully opened dentinal tubules (figures 5 A&B). This
was confirmed by Han et al., 2017 who reported
little mineralization in their study and explained
the absence of prism like structures formation by
the absence of fluoride, as it proven to be essential
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for the creation of the ordered needle-like apatite
crystals.*® Furthermore, the absence of crystals
formation in the control group was also observed
by Zaharia et al., 2017. They explained these
results by the inability of the eroded dentin surface
consisting of only type I collagen matrix to promote
the mineral crystal deposition due to the absence of
NCPs and/or lack of seed mineral crystals.>

Concerning the different experimental hydrogels,
SEM images of group II (treated for 5 days with
agarose hydrogel) revealed the occlusion of opened
dentinal tubules with the deposition of minerals on
their walls (figure 7 A&B). The current results might
be due to the biomineralization process in which the
organic matrix acted as a template, and utilized a se-
questering mechanism to manage the molecular in-
teraction between the polymer and minerals to create
the mineral crystallites. It was assumed that agarose
hydrogel mimics the gel-like organic matrix environ-
ment of natural tooth formation >’

The same SEM findings were observed after
10 days presenting partially occluded tubules with
scattered minerals clusters on the dentin surface
(figures 8 A&B). This came in agreement with
Han et al., 2017 reporting that agarose hydrogel
the dentinal
tubules after 24 hours of application on rabbits’

mineralization system occluded
incisors.* They assumed that agarose hydrogel
served as a reservoir for the replenishment of
mineral precursors. In addition, the fiber-nanoscale-
amorphous calcium phosphate complex may have
a consistent and regulated size due to the limited
space in the gel network. Dentinal tubule blockage
and the calcification of demineralized collagen
fibrils were the outcomes of the amorphous initial
particles’ aggregation and assembly.”®>’

However, this occlusion was assumed to take
place as a layering technique as reported by Ning et
al., 2012 concluding that this occlusion was crystal
deposition starting layer by layer forming very
dense crystals and covering almost the entire dentin
surface.®¢! They confirmed the current assumption
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by L.S SEM image after material application for
15 days (figure 10) showing the partial obliteration
of dentinal tubules and the presence of calcified
materials on their walls.

Regarding the current findings after 15 days
of treatment, SEM images showed that almost the
dentinal tubules were partially obliterated with
enamel prism-like structures (figures 9 A&B).
Similar findings were reported by Ning et al., 2012
using agarose gel loaded with calcium and phosphate
for biomimetic mineralization of acid etched dentin
for 10 days (240 hours) revealing large number
of nanocrystals deposited on the dentin surface.
They claimed that this was due to agarose being a
polyanionic polysaccharide containing repetitive
-COOH and -HSO3 groups in its monomeric units,
while the collagen molecule carries a positive charge
in the physiological environment. While the agarose
gel created a hydrogel milieu where mineralization
could take place, agarose molecules bound to the
positively charged collagen molecules on the dentin
surface. So, agarose hydrogel loaded with calcium
and phosphate ions acts as a template to induce
nucleation and growth. The hydroxyapatite crystals
are then deposited and arranged densely, thus
bonding to the dentin substrate.®

The formation of newly grown crystals was
also observed by Zaharia et al., 2017 under
SEM examination.”® These were randomly self-
assembled onto the eroded dentin surface, some of
which were deposited around the dentinal tubules
and an initiation of the tubule’s occlusion had been
detected after 7 days (168 hours) of treatment with
agarose hydrogel. They explained their findings by
the presence of agarose gel which facilitated the
formation of nanorod-like hydroxyapatite crystals
during immersion into artificial saliva by attaching
to the collagen matrix and inducing the formation of
transient amorphous phosphates.®

Concerning the results of group III, the SEM
images (figures 11A&B) after 5 days of treatment
represented the same results showed in group II
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after the same period. Nearly all SEM images
after 10 days of treatment exhibited mild sclerosed
dentinal tubules with deposition of prism-like
structures on dentin surface forming a honeycomb-
like morphology in some areas (figures 12 A&B).
The present results were related to chitosan which
serves as a scaffold for the formation of stable
calcium phosphate-based layer onto the surface of
the demineralized dentin by increasing the cross-
linking between the dentin collagen fibers and
agarose molecules.” Our results came in agreement
with Musat et al., 2021 who found in their study
that, in addition to acting as a moderating agent in
the creation of hydroxyapatite nanorods, natural
polysaccharide chitosan biopolymers supplied an
array for self-assembling hydroxyapatite nano-
building units. Therefore, in order to recreate an
enamel hierarchical structure biomedically, chitosan
can operate as a bioactive macromolecule®.

After 15 days of treatment, SEM image in L.S
(figure 14) showed the occlusion of dentinal tubules
with calcified materials, and in T.S (figure 13 A&B)
revealed the obliteration of dentinal tubules with
prism-like grown crystals forming a uniform layer
on the underlying dentin surface. These findings
were confirmed with Zaharia et al., 2017 since they
observed the formation of homogeneous surface
of a continuous compact layer with the shrinkage
of dentinal tubules’ diameter in the group treated
with agarose hydrogel mineralization system
loaded with chitosan after 4 days (96 hours).”
Their results were explained by the act of chitosan
molecules as a chelating agent, serving as a scaffold
for the formation of a complex composite calcium
phosphate-based layer onto the surface of the
demineralized dentine.” Besides, the amino group
(-NH2) in chitosan makes it extremely reactive
with food and cariogenic acids in the mouth.
Furthermore, hydrogen ions of acid are captured
resulting in an overall positive charge that gives a
bio-adhesive property to negatively charged erosive
surfaces preventing further acid penetration with
preservation of enamel crystal orientation.*

Doaa Abdel Aziz Zaki El-Bedewy, et al.

When agarose hydrogel was loaded with
Emdogain as presented in group I'V. The SEM images
after 5 days of treatment revealed some clear spaces
of odontoblastic process, also sclerotic dentinal
tubules were observed in high magnification image
(figure 15 A&B). This might be due to the significant
increase in (Ca) and (P) contents. These minerals
depositions were explained by the formation of
calcium-based biominerals at a template via stable
pre-nucleation clusters, with aggregation into an
amorphous precursor phase and transformation of
this phase into a crystal.®

Furthermore, SEM images of specimens from this
group treated for 10 days presented the deposition
of prism like structures which partially obliterated
the dentinal tubules and forming a honeycomb-like
morphology (figure16 A&B). This could be due to
the amelogenin enamel protein which representing
about 90% of Emdogain composition, as it has a
direct role in initiating nucleation, controlling crystal
growth, and affecting the spacing of crystallites’.

The
divided
domains: a hydrophobic N-terminal domain, the

sequence of amelogenin is
into

typically
three prominent amino acid
central hydrophobic proline-rich region, and the
hydrophilic C-terminal domain.®® The N-terminus
has been associated with matrix self-assembly, as
it contains phosphorylated serine which plays an
important role in stabilizing amorphous calcium
phosphate and preventing unwanted mineralization,
while the central hydrophobic region has been
speculated to control crystal spacing.”¢® Moreover,
the hydrophilic C-terminal has been demonstrated
to facilitate amelogenin protein solubility and its
adhesion to the crystal surface, besides it is essential
for the arrangement of the crystals into parallel
arrays as shown in (figure 17) resembling a SEM

image of a case after treatment for 15 days.%

Moreover, SEM images after 15 days showed
regenerated crystals which were found fused
together forming crystal-like layer covering the
dentin surface (figure17A&B), while the assembling
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of these crystals into parallel bundles was observed
in other images (figure 18 A&B). In addition, SEM
image in L.S showed the occlusion of dentinal
tubules (figure 19).These findings were explained
by the aggregation of Emdogain with calcium
and phosphate ions followed by development
of oriented apatite crystals.®® The presence of
amelogenin in Emdogain can guide the formation
of highly ordered apatite crystals, besides it has a
role with the presence of fluoride in promoting the
oriented bundle formation of needle-like fluoridated
hydroxyapatite forming an enamel-like layer.%-"

The novel biomimetic mineralization system
(agarose hydrogel mineralization system) was
selected to serve the hypothesis of this research. Our
study reported that agarose hydrogel mineralization
system loaded with Emdogain was the best treatment
modality in the management of dentin erosion.
This was to rebuild enamel-like tissue covering the
remineralized dentin surface, enhance growth and
nucleation of enamel crystals, and occlude the open
dentinal tubules.** This system design was informed
by the processes of enamel development in hydrogel
microenvironments and organic matrix-mediated
biomineralization .%°

LIMITATIONS

e The limitations of the study were mainly related
to time constraints where the follow-up of
remineralization ability after a long time would
have given more clear results regarding the
remineralization potential of each protocol.

e The application of remineralizing agents for
more than 5 hours daily would lead to more
pronounced effect.

* Being dependent on collecting human teeth,
limitations could be attributed to the insufficient
sample size for statistical measurements

which led to compensating this through teeth

sectioning.

(2061)

CONCLUSION

e Within the limitations of this study, the following
conclusions could be drawn:

e Artificial saliva alone was not effective to
manage erosive dentin.

* The agarose hydrogel system alone or loaded
with chitosan seems as acceptable treatment
modality.

e The addition of Emdogain to agarose system
represented the best treatment modality in the
management of dentin erosion.

RECOMMENDATIONS

* The present biomimetic synthesis is a step
towards the creation and design of innovative
biomaterials for use in restorative and reparative
dentistry in the future.

e The in situ remineralization of enamel in
the presence of amelogenin, enamelin, and
related enzymes would be a potentially fruitful
clinical use of biomimetic synthesis of enamel-
like material in dentistry. Clinical research is
therefore extremely important.

e The findings suggested a possible clinical
application for treating disorders like erosion,
wear, and dentin hypersensitivity that are
related to the dentin.
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