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Abstract II

ABSTRACT

Background: One of the most undesirable complications of
comprehensive orthodontic treatment is the development of white spot
lesions. Despite various preventive measures, their prevalence remains
notably high at the time of brackets removal. Therefore, it is crucial to inhibit
cariogenic bacterial activity while promoting enamel remineralization to

effectively prevent and manage white spot lesions.

Aims: The aim of this study is to prepare and evaluate the effects of
incorporating nano-chitosan loaded with bioactive materials (calcium
phosphate and gallic acid alone or in combination) into orthodontic adhesive
primer as an antimicrobial and remineralizing agent while preserving the

physical, mechanical and chemical properties of orthodontic adhesive.

Materials and Methods: Nano-chitosan loaded with bioactive
materials (tricalcium phosphate alone, gallic acid alone, and a combination
of both) were prepared and incorporated into Transbond™ XT primer at 5%
and 10 % by weight concentration to form a modified adhesive primer. The
prepared materials were characterized by Fourier Transform Infrared
spectroscopy (FTIR) and Field Emission Scanning Electron Microscopy
(FESEM) coupled with Energy-Dispersive X-ray spectroscopy (EDX). This
study have seven groups: Group 1: (control group), group 2: (5% nano-
chitosan/calcium phosphate primer), group 3: (10% nano-chitosan/calcium
phosphate primer), group 4: (5% nano-chitosan/gallic acid primer), group 5:
(10% nano-chitosan/gallic acid primer), group 6: (5% nano-chitosan/
calcium phosphate+ gallic acid primer), group 7: (10% nano-chitosan/
calcium phosphate+ gallic acid primer). The control and modified primer
groups were characterized using FTIR and FESEM. Further assessments
included shear bond strength testing and analysis of bonding failure modes,

evaluation of the degree of monomer conversion, wettability, and the release
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behavior of gallic acid and calcium phosphate. Antibacterial properties were
investigated against Streptococcus mutans and Lactobacillus acidophilus.
Remineralization of demineralized enamel was assessed using FESEM/EDX
to detect mineral precipitation, analyze the shape of hydroxyapatite crystals,
and measure the calcium and phosphate weight percentages along with the

Ca/P ratio. Statistical significance was set at p < 0.05.

Results: The FTIR and FESEM/EDX analysis showed a successful
preparation and loading of chitosan hydrogel with the bioactive materials.
The orthodontic adhesive primer exhibited no chemical or structural changes
upon the addition of nano-chitosan loaded with bioactive materials (calcium
phosphate and gallic acid) and were homogeneously distributed within it.
The results of shear bond strength and the degree of monomer conversion
showed an increase in their values, with significant differences among the
groups. However, no significant differences were observed regarding the
adhesive remnant index and contact angle measurements. Additionally,
modified orthodontic primer showed significant antibacterial activity against
cariogenic Streptococcus mutans and Lactobacillus acidophilus particularly
in the 10 % nano-chitosan/ calcium phosphate+ gallic acid primer group.
Moreover 5 % nano-chitosan/ calcium phosphate+ gallic acid primer group
showed the greatest calcium and phosphate weight percentage and Ca/P ratio
than other groups. The release of calcium phosphate and gallic acid from the
modified primer showed a slow and sustained release over four weeks, with
a significant difference between the 5% and 10% groups at each weekly
interval. The release of bioactive materials confirmed the antibacterial and

remineralizing effects of the modified primer groups.
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Conclusions: All orthodontic primer groups modified with nano-
chitosan loaded with bioactive materials exhibited antibacterial and
remineralizing properties. They also enhanced the physical, mechanical, and
chemical adhesive properties. Among them, the primer containing 10%
nano-chitosan/calcium phosphate with gallic acid showed the strongest
antibacterial activity. In contrast, the 5% nano-chitosan/calcium phosphate
with gallic acid primer showed the highest mineral contents, making it the

most suitable option for enamel remineralization.
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ABSTRACT

Aims: The aim of this study is to prepare and evaluate the effects of incorporating nano-chitosan loaded with
bioactive materials (calcium phosphate and gallic acid alone or in combination) into orthodontic adhesive primer as
an antimicrobial and remineralizing agent while preserving the physical, mechanical and chemical properties of
orthodontic adhesive. Materials and Methods: Nano-chitosan loaded with bioactive materials (tricalcium
phosphate alone, gallic acid alone, and a combination of both) were prepared and incorporated into TransbondTM
XT primer at 5% and 10 % by weight concentration to form a modified adhesive primer. The prepared materials
were characterized by Fourier Transform Infrared spectroscopy (FTIR) and Field Emission Scanning Electron
Microscopy (FESEM) coupled with Energy-Dispersive X-ray spectroscopy (EDX). This study have seven groups:
Group 1: (control group), group 2: (5% nano-chitosan/calcium phosphate primer), group 3: (10% nano-
chitosan/calcium phosphate primer), group 4: (5% nano-chitosan/gallic acid primer), group 5: (10% nano-
chitosan/gallic acid primer), group 6: (5% nano-chitosan/ calcium phosphate+ gallic acid primer), group 7: (10%
nano-chitosan/ calcium phosphatc+ gallic acid primer). The control and modificd primer groups were characterized
using FTIR and FESEM. Further assessments included shear bond strength testing and analysis of bonding failure
modes, evaluation of the degree of monomer conversion, wettability, and the release behavior of gallic acid and
calcium phosphate. Antibacterial properties were investigated against Streptococcus mutans and Lactobacillus
acidophilus. Remineralization of demineralized enamel was assessed using FESEM/EDX to detect mineral
precipitation, analyze the shape of hydroxyapatite crystals, and measure the calcium and phosphate weight
percentages along with the Ca/P ratio. Statistical significance was set at p < 0.05. Results: The results of shear
bond strength and the degree of monomer conversion showed an increase in their values, with significant
differences among the groups. However, no significant differences were observed regarding the adhesive remnant
index and contact angle measurements. Additionally, modified orthodontic primer showed significant antibacterial
activity against cariogenic Streptococcus mutans and Lactobacillus acidophilus particularly in the 10 % nano-
chitosan/ calcium phosphate+ gallic acid primer group. Moreover 5 % nano-chitosan/ calcium phosphate+ gallic
acid primer group showed the greatest calcium and phosphate weight percentage and Ca/P ratio than other groups.
The release of calcium phosphate and gallic acid from the modified primer showed a slow and sustained release
over four weeks, with a significant difference between the 5% and 10% groups at each weekly interval. The release
of bioactive materials confirmed the antibacterial and remineralizing effects of the modified primer groups.
Conclusions: All orthodontic primer groups modified with nano-chitosan loaded with bioactive materials exhibited
antibacterial and remineralizing properties. They also enhanced the physical, mechanical, and chemical adhesive
properties. The 5% nano-chitosan/calcium phosphate with gallic acid primer showed the highest mineral contents,
making it the most suitable option for enamel remineralization.
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