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ABSTRACT

Aims: The main purpose of the study was to assess the histopathological
response of dental pulp following direct pulp capping (DPC) using Mineral
Trioxide Aggregate Repair High Plasticity (MTA Repair HP) in association
with green-synthesized selenium nanoparticles (SeNPs) and, in particular,
explore the effect of SeNPs on modifying MTA HP's biological properties.
Research questions were: What could be the optimal concentration of SeNPs
to promote the biological properties of MTA HP? How do SeNPs affect the
response of dental pulp to DPC using MTA HP? Can supplementation with
SeNPs optimize healing outcomes of pulp compared to MTA HP alone? It is
hypothesized that the incorporation of SeNPs will have improved the
biological efficiency of MTA HP, which will result in better pulp healing for
achieving better clinical outcomes. The present study also analyzed the
influence of added SeNPs on setting time and alkalinity of material and
potential changes that may occur following the integration.

Materials and Methods: A pilot study was conducted with the aim of
elucidating certain concentrations of SeNPs through a comprehensive
evaluation of setting time and handling properties, which were considered in
the selection of the test concentrations chosen for further study in an animal
model. Comprehensive characterization of MTA HP before and after
incorporating SeNPs was conducted using Attenuated Total Reflectance
Fourier Transform Infrared Spectroscopy (ATR-FTIR), X-Ray Diffraction
(XRD), and Field Emission Scanning Electron Microscopy with Energy
Dispersive X-Ray Analysis (FESEM/EDX). Setting time was assessed, and
pH values were measured over time after 1, 7, 14, and 30 days to evaluate
the alkalinizing activity of the integrated substance at different nanoparticles

concentrations (0.5%, 1%, 1.5%, 2% w/w). For the in vivo study, 12 male
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dogs were used with 132 teeth divided into 12 teeth as control -ve (n=1 for
each dog); the remaining 120 teeth were then divided into five groups
according to their treatment: the control +ve group (MTA HP alone) and the
experimental groups, which included MTA HP+ 0.5%, 1%, 1.5%, and 2%
(w/w) SeNPs with n = 24 for each group. Pulp exposures were mechanically
created, and pulp capping was performed, followed by monitoring the dogs
for 7, 14, 30, and 60 days (n = 6 for each period). Histopathological
evaluations at each interval involved euthanasia, surgically separation the
maxilla and mandible, and examination of histological sections for
inflammation intensity, necrosis, and reparative dentin formation.

Results: An extensive study has been conducted on the integration of SeNPs
into MTA HP. ATR-FTIR and X-ray diffraction analysis confirmed the
chemical composition and reaction between SeNPs and MTA by detecting
new functional groups and peaks related to calcium selenite. The dispersion
and integration of SeNPs into the MTA HP matrix were shown in the
FESEM/EDX examination and further validated by the detection of
selenium. SeNPs incorporated into MTA modified its setting time; the higher
the concentration, the more shortening in the setting time. Besides, the
incorporation resulted in a decrease in pH, hence a reduction in the alkalinity.
Histopathologically, the study notably observed that 1% w/w SeNPs
consistently exhibited minimal inflammation and absence of necrosis
compared to other experimental groups. This group demonstrated significant
improvement over time, with inflammation becoming absent in most
samples with early reparative dentine formation by 14 days. Temporal
analysis revealed a general decrease in inflammatory responses across all
groups as the study progressed. Statistical analysis confirmed significant

differences among the groups in terms of inflammatory intensity, tissue
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necrosis, and reparative dentine formation at longer periods of time
depending on the concentration of SeNPs that was added, highlighting the
therapeutic potential of SeNPs-enhanced MTA HP in pulp healing processes.
Conclusions: The current study demonstrates that SeNPs incorporated into
MTA HP exhibited a concentration-dependent shortening of setting time and
alkalinizing capability. A 1% SeNPs formulation minimized inflammation
and showed the formation of early and sustained reparative dentin bridges
without pulp necrosis, indicating superior biocompatibility and accelerating
the healing process, enhancing pulp tissue repair compared with a SeNPs-
free cement or at other concentrations. These findings, taken together,
suggest that the addition of 1% SeNPs to MTA promotes enhanced
biocompatibility. Conversely, greater concentrations increased pulp
inflammation, underscoring the need for careful optimization. The findings
of the study showed that using 1% SeNPs-enhanced MTA as a direct pulp-
capping agent has significant advantages, with promising implications for

developing improved endodontic treatments.
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