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Abstract Silicate-based and phosphate-based bioactive glasses (BGs) containing CaO are widely used compounds
in tissue engineering (TE) due to their ability to form a strong bond with the host tissue, favorable dissolution rate,
their effect on the formation of a hydroxyapatite (HA) layer, stimulation of cell growth, and mechanical behavior.
Recently, molecular dynamics (MD) simulation has been used as an efficient method to predict the properties and
structure of BGs in addition to experimental methods. Therefore, in this study, the binary BG composition of
50Si0,-50Ca0 and 50P,05-50Ca0 was studied by MD method. Using the bond distribution function and the
angular distribution function, the size of the interbond angle and the size of the bonds were investigated, and the
distribution of bridging oxygens (BOs) and non-bridging oxygens (NBOs) in two BG compositions was calculated,
which in the 50Si0,-50Ca0 and 50P,0s-50Ca0O were distributed 34.62% and 32.9% of BOs, respectively. Also,
the distribution of Q" values in 50Si0,-50CaO and 50P,0s-50CaO BGs was studied, and in 50Si0,-50CaO and
50P,05-50Ca0 BGs, the distribution of Q? as a suitable criterion for their degradability was 42.9% and 59.03%,
respectively. Meanwhile, the density values for the 50Si0,-50CaO and 50P,0s-50CaO BG compositions were
2.381 and 2.15 g/cm?, respectively, and a higher concentration of calcium ions and a higher pH were reported in
50P,05-50Ca0 than in 50Si0,-50Ca0 BGs. Therefore, according to the mentioned results, S0P,05-50Ca0O BG has
higher degradability and consequently higher ion release than 508i0,-50Ca0O BG due to its higher NBOs and Q*

values.
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1. INTRODUCTION

Bioactive glasses (BGs) are one of the most
significant biomaterials in the field of tissue engineering
(TE), and due to their ability to interact with the body’s
environment, stimulate cell growth by releasing
therapeutic ions, and rapidly form a hydroxyapatite
layer on their surface, they have been widely studied and
used in the restoration of hard tissues such as bone and
teeth (Agrawal & Patel, 2025; Borhan & Esmaceilzadeh,
2023; Jafari et al., 2022; Majumdar et al., 2021; Ren et
al., 2025; Upadhyay et al., 2024).

In addition, the structure and properties of BGs have
been investigated by various methods, such as molecular
dynamics (MD) simulation, which provides detailed
studies at the atomic scale and the investigation of the
BG’s properties in different biological conditions
(Cormack & Du, 2001; Hollingsworth & Dror, 2018;
Tilocca, 2009a).

Therefore, in this study, short-range, medium-range,
and long-range structural differences and their effect on
the biological properties of 50Si0,-50CaO silicate-
based BGs and 50P,0s-50CaO phosphate-based BGs
were investigated using MD simulation.

2. MATERIALS AND METHODS

The force fields used in the simulation of BGs are a
combination of the long-range Coulomb force fields and
short-range Buckingham force fields. The simulation of
the studied samples was performed using the large-scale
atomic/molecular  massively  parallel  simulator
(LAMMPS) software, and the velocity Verlet algorithm
method was used to numerically integrate the equation
of motion with a time step of 1 fs.

3. RESULTS AND DISCUSSION

The final structure obtained from the simulation of
50S and 50P BGs is presented in Figure 1. Also,
according to the results of the bond distribution function,
the average bond length of Si-O, Ca-O, and O-O was
calculated to be 1.605, 2.48, and 2.6 (A), respectively.
According to the results of the bond distribution
function, the average bond length of Si-BO and Si-NBO
was calculated to be 1.62 and 1.58 (A), respectively, and
for P-BO and P-NBO bonds, it was calculated to be
1.655 and 1.476 (A), respectively.

Also, according to the results of the angular
distribution function, reducing the size of the Si-NBO
and P-NBO bonds led to a decrease in the distance of
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NBOs relative to each other, creating an electrostatic
repulsion force between them, and consequently
increasing the NBO-Si-NBO and NBO-P-NBO angles
relative to BO-Si-BO and BO-P-BO. According to the
0-Ca-O bond angle, the presence of two peaks in the
range of 60 and 85 degrees in the 50S BG and the
presence of a strong peak at an angle of 90 degrees and
a weak peak in the range of 60 degrees for the S0P BG
was confirmed. Meanwhile, as shown in Figure (2-A),
the coordination number of Si and P atoms relative to O
atoms in the chemical composition of 50S and 50P BG
was calculated to be 4, which is consistent with the O-
Si-O and O-P-O bond angles, and the presence of
tetrahedral local structures in both BGs compositions
was confirmed. In addition, according to Figure (2-B),
the distribution of BOs and NBOs in 50S BG was
reported to be 34.62 and 65.38 percent, respectively, and

in 50P BG, 32.9 and 67.1 percent, respectively. Also,
according to Figure (2-C), in the 50S BG, the Q" values
with n values of 0-4 were calculated to be 4.3, 22.5,42.9,
23.9 and 6.4%, respectively, and for the SOP BG, they
were calculated to be 0.65, 21.29, 59.03, 19.03 and
0.0%. In addition, the densities of the 50S and 50P BGs
were reported to be 2.81 and 2.15 g/cm?, respectively).

4. CONCLUSION

According to the results, S0P BG has a higher
degradation rate due to higher NBO and Q? values,
which leads to higher ion release than 50S BG.
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Figure 1. The structure of A. 50S and B. 50P bioactive glasses.
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Figure 2. The structure of A. 50S and B. S0P bioactive glasses.
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