
Scientific Inquiry and Review (SIR) 

Volume 3, Issue 2, April 2019 

ISSN (P): 2521-2427, ISSN (E): 2521-2435 

Journal DOI: https://doi.org/10.32350/sir 

Issue DOI: https://doi.org/10.32350/sir.32 

Homepage: https://ssc.umt.edu.pk/sir/Home.aspx 

Journal QR Code: 

A publication of the  

School of Science, University of Management and Technology 

Lahore, Pakistan. 

Article 
Review: Nature and Therapeutic Potential of 

Silica-based Mesoporous Bioactive Glass 

Author(s) 
Muhammad Ikram 

Shabbir Hussain 

Sadaf Sarfraz 

Online 

Published 
April 2019 

Article DOI https://doi.org/10.32350/sir.32.03 

Article QR 

Code 

To cite this 

article 

Ikram M, Hussain S, Sarfraz S. Review: Nature and 

therapeutic potential of silica-based mesoporous 

bioactive glass. Sci Inquiry Rev. 2019;3(2):17–26. 

Crossref 

Copyright 

Information 

This article is open access and is distributed under 

the terms of Creative Commons Attribution – 

Share Alike 4.0 International License. 

Indexing Agency 

https://doi.org/10.32350/sir
https://doi.org/10.32350/sir.32
https://ssc.umt.edu.pk/sir/Home.aspx
https://doi.org/10.32350/sir.32.03
https://doi.org/10.32350/sir.32.03


18 Scientific Inquiry and Review 
Volume 3 Issue 2, 2019 

Review: Nature and Therapeutic Potential of Silica-based 
Mesoporous Bioactive Glass 

Muhammad Ikram1, Shabbir Hussain1*, Mohsin Javed2

1Department of Chemistry, Lahore Garrison University, Lahore, 
Pakistan 

2Department of Chemistry. University of Management and Technology, 
Lahore, Pakistan 

*dr.shabbirhussain@lgu.edu.pk

Abstract 
Bioactive materials have received much consideration in the last couple 
of years because of their astounding properties in various fields. 
Bioactive Glasses (BGs) are utilized as part of biomedical applications, 
such as antibacterial materials. BGs can be delivered by means of 
dissolve extinguishing strategy or sol-gel technique. Bactericidal silver-
doped sol-gel inferred mesoporous silica-based bioactive glasses were 
accounted for the first time in 2000, having the synthesis 76SiO2-19CaO-
2P2O5-3Ag2O (wt%) and a mean pore width of 28 nm. Bioactive glasses 
doped with metallic elements such as silver, copper, zinc, cerium and 
gallium are the focus of this audit in which SiO2, SiO2-CaO and SiO2-
CaO-P2O5 frameworks are incorporated as the parent glass creations. 
Run of the mill uses of mesoporous BGs doped with antibacterial 
particles incorporate bone tissue recovery, multifunctional earthenware 
coatings for orthopedic gadgets and orbital inserts, scaffolds with 
upgraded angiogenesis potential, osteostimulation and antibacterial 
properties for the treatment of various bone imperfections and also in 
wound recuperating. 
Keywords: antibacterial, bioactive glass, bone, therapeutic, wound 

1. Introduction
Biomaterials are known as bioactive because of their responsive conduct 
in natural conditions; when they are embedded in such conditions they 
tend to foot sole area, recovery and mineralization of body tissues, bone 
and organs by bond development with bones and tissues [1]. Bioactive 
Glasses (BGs) have received much consideration because of their 
interesting and potential applications in the clinical field. To begin with, 
BGs were accounted for by Hench in 1969, who indicated that BGs are 
fundamentally made out of silicate organize containing calcium, 
phosphorus and sodium in various amounts and concetrations [2]. BGs 
are to a great extent utilized in biomedical field because of their capacity 

mailto:dr.shabbirhussain@lgu.edu.pk


Ikram  et al.  

19 

to shape bond with bone tissues. BGs are made of silicate and their uses 
in clinical and medicinal fields require safety precautions for the 
wellbeing of concerned individuals. Different researches have attempted 
to guarantee the safety of BGs for therapeutic utilization and they have 
been demonstrated as protected and sound materials for medicinal use 
[3]. The current study has been performed to overview the nature, types 
and biomedical properties of BGs and to explore their therapeutic 
potential. 

2. Creation of Novel Biodynamic Glasses 
BGs belong to the artistic family material. They are essentially made of 
silicates organize in which distinctive minerals or metals are joined. 
Generally utilized BGs comprise 45% SiO2, 24.5% Cao, 24.5% Na2O, 
6% P2O5. Si is known as an imperative component in metabolic 
procedures which are additionally connected with bone arrangement and 
mineralization of teeth. Calcium and phosphorus are primary 
constituents of regular apatite layer that is an essential segment of human 
bone and tooth veneer and these chemicals play a large part in bone 
development. In recent research work, different pieces of BGs were 
accounted for containing Na and Ca to various extents and numerous 
other metals and minerals, such as strontium, magnesium, potassium, 
and boron which are supplanted in the silica system to upgrade the 
bioactivity of glass [4]. The organization of glass network assumes a 
vital role in determining the properties of BGs; any variation in the 
concoction structure of glass extraordinarily influences its bioactive 
properties [5]. 

3. Mechanism 
BGs, when set inside the fortified body liquid, coresspond with the liquid 
to create a bone with bone tissue. They experience concoction that 
structures hydroxyl apatite gel like layer on the surface of glass material 
and solid synthetic bond shapes among bone and the bioactive material. 
The hydroxyl apatite gel layer framed on glass surface is like common 
bone minerals. It is vital to note here that the bond between bioactive 
material and bone ought to happen at bone-bioactive interphase. This 
bond arrangement is the trademark property of bioactive materials 
utilized in the process of bone repair, bone substitution and tissue 
designing [6]. The silica system of BGs is disturbed when embedded in 
body liquid because of the disintegration of calcium and phosphorus, 
thus apatite layer shapes HCAP (Hydroxyl Carbonated Apatite Layer) 
and its development relies upon the solvency of Ca and P in body liquid. 
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4. Types of Bioactive Glasses
BGs can be partitioned into various families relying on their substance 
organization. They depend on silicon organize in which different 
minerals are doped for better application in various fields. In the 
beginning, BGs were silicate based with demonstrated potential 
applications in clinical fields. Lately, numerous minerals have been 
consolidated in the silica system of BGs and this has resulted in 
incredible outcomes. Some of them are specified underneath [7]. 

5. Silicate Based Bioactive Glass
BG was discovered by Hench et al. and was silicate based having the 
chemical composition SiO2-Na2O-CaO-P2O5. The silicate based BGs 
are potential contenders for utilization in tissue designing [8], [3], [9]. 
Silicon content assumes an imperative part in bond arrangement; if 
silicon content is expanded with a particular rate it can defer security 
development. Due to low quality and weakness, their usage is restricted 
to tissue designing [10]. This disadvantage can be overwhelmed by 
fusing distinctive metal particles, such as Zn/BG [11] Ce/BG in silica 
systems to upgrade their bioactivity [12]. 

6. Phosphate Based Bioactive Glass
Phosphate based BG Na2O-CaO-P2O5 has received much consideration 
because of its less poisonous nature and the fact that it is a synthetic and 
fundamental constituent of bone tissues. It is generally utilized as a part 
of tissue building to configure bone framework material and bone filling 
material because of high dissolvability by virtue of its substance 
structure. Different oxides can be dropped in the phosphate system to 
make a stable phosphorus based bioactive material [13]. 

7. Calcium Based Bioactive Glass
Other than silicate and phosphorus, calcium assumes an essential role in 
the disintegration of BG in order to make bond with bones. Different 
types of BGs with various concentrations of calcium have been utilized 
to examine the impact of calcium in biomedical applications. It was 
found that a bigger share of Ca in silica organize upgrades the bioactivity 
of BG [14]. 

8. Properties of Bioactive Glass

8.1. Glass Change and Crystallization 
Glass change and crystallization both are principle properties of BGs that 
characterize their bioactivity. Glass progress is a temperature based 
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change. This temperature change is fundamental to clarify and think 
about every single physical property of BGs, such as quality, dissolution 
etc. Crystallization process significantly influences progress temperature 
and bioactivity of BGs; if BGs experience crystallization then their 
bioactivity is extraordinarily diminished, because crystallization avoids 
particle trade between bioactive material and body liquid [15]. 

8.2. System Course of Action  
System course of action of silicates in BGs can be utilized to clarify the 
reactivity and solidness of BGs. Diminished system course of action 
leads to bringing down progress temperature and higher solvency, when 
BGs are set inside body liquid they respond to it and the consequent 
disintegration of metal particles upsets the silica system and bond with 
human bone tissues. Consequently, higher system requires higher 
transition temperature (Tg) and vice versa [16].     

8.3. Stiffness  
BGs are weak at high transition temperature (Tg) and less receptive 
because of hardness in structure. Hence, they are less valuable in the 
therapeutic field. There is a direct connection between hardness and glass 
progress of BGs [16]. 

9. Techniques for the Planning of Bioactive Glasses 
Bellantone et al. have revealed the techniques utilized for the readiness 
of BGs which are as follows:-   
1. Conventional Melting technique  
2. Sol-gel technique [8] 

9.1. Conventional Melting Technique  
The conventional liquefying technique has been utilized for a long time 
to check the readiness of biodynamic glass. Jones et al. discovered the 
traditional liquefying strategy. This technique incorporates a blend 
containing carbonates or oxides as glass is softened. The softening is 
done within the sight of platinum pot. At that point, the blend is 
homogenized at a high temperature, up to 1250-14000°C. Liquid glass is 
acquired which is then thrown into a shape of steel or graphite. 
Subsequent to throwing the liquid glass into the form of graphite or steel, 
it will create mass embed. Long lasting pounding and cleaning is 
important to acquire the required resilience [17]. 

9.2. Hindrances in Liquefying Strategy  
The softening strategy utilized for the arrangement of biodynamic  
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glasshas various impediments and these are given below:- 
• High virtue isn’t acquired using the liquefying technique, since high

immaculateness is required for high bioactivity of glass. However,
because of high temperature utilized as a part of this strategy, it
produces pollution and reduces the bioactivity.

• Grinding, sieving and cleaning are distinctive procedures which
introduce BGs to various contaminants and influence their bioactivity.

• Multiple gears are required due to multi-steps and work is required to
deal with this procedure, thus the cost is high.

• Compositional impediment is forced on BGs by the softening
strategy. It is a direct result of high temperature of SiO2 [18].
On the other hand, another technique is utilized for the readiness of

BGs that contains the specified confinement. 
9.3. Sol-Gel Technique  
The sol-gel technique for the arrangement of biodynamic glass has been 
utilized throughout the previous couple of years because of its points of 
interest. Boccacccini et al. revealed the sol-gel strategy which includes 
the blending of metal oxide forerunners (TEOS, TEP and Calcium 
nitrate) which are more energetically efficiante in arrangement due to 
their inorganic system [19]. 

Abbasi Z and his collaborators announced the essential advances 
associated with the planning of BGs which are given below:- 

• Hydrolysis
• Gelation
• Low temperature terminating
If there should arise an occurrence of sol-gel strategy, then the extent

of particles is controlled by controlling the different parameters given 
below:- 

• Reaction temperature
• Monomer antecedent
• Catalyst
• Water to all oxide proportion [20]

10. Points of Interest of Sol-Gel Technique
Biodynamic glass arranged by sol-gel technique has certain focal points. 
Due to them, this strategy has been utilized in recent years. These points 
are as follows:- 
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• Low temperature is required for sol-gel strategy. Farooq et al.described 
in detail that the glasses arranged by this technique have  

   expanded bioactivity [21].  
• Fu et al. described in detail that the glass arranged by sol-gel technique 

has a huge surface region and its porosity has expanded, which results 
in enhanced bioactivity [7]. 

• Li et al. revealed that bioactivity is expanded and controlled by 
changing arrangement strategically in ready glass [18]. 

• It is an easy strategy for arrangement and considerable homogeneity is 
acquired by this technique [20].  

11. Characterization 
Different sorts of procedures are utilized for the portrayal of biodynamic 
glass. Strategies most regularly utilized for the portrayal of biodynamic 
glass incorporate SEM, FTIR, XRD and EXD. Hong et al. utilized TEM 
for the assurance of size and state of BG composite nanoparticles [7]. Li 
et al. utilized FT-IRRS for the development of hydroxyl apatite layer and 
this strategy affirms that whether HAP is framed or not. The physical 
and substance properties of BGs are described through X-Ray 
Diffraction and BET [18]. Abbasi et al, utilized FTIR, Transmission 
Electron Microscopy (TEM), Scanning Electron Microscopy (SEM), 
and thin layer X-Ray diffraction (TF-XRD) for the affirmation of 
structural and organizational similarity of hydroxyl apatite layer with 
bone [20]. 

12. Uses of Bioactive Glasses 
BGs are broadly utilized as part of clinical medicines because of their 
bond arrangement capacity. They are a potential means of quick bone 
development, bone uniting, dental medications, antibacterial activity and 
tissue building [21], [22]. 

12.1. Muscle Construction  
BGs are generally utilized in tissue designing as framework material 
related with polymer. BGs assume a critical role in enhancing 
mechanical properties and surface reactivity of platforms for their 
utilization in bone designing [23].  

12.2. Decline in Congealing period  
BGs are utilized as hemostatic operators that aid in decreasing blood 
thickening period by 25%. It works by discharging calcium particles with  
hesitating property [24]. 
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12.3. Malevolence Pills 
BGs are additionally utilized for tumor treatments. Ferromagnetic BGs, 
planned by doping magnetite in silica arrange, are utilized generally in  
hyperthermia treatment of growth, effectively [25]. 
12.4. Counter to Bacteriological Action  
BGs are not just utilized in the clinical field, they are likewise utilized 
for antibacterial activity because of their extraordinary characteristics. 
When they are embedded in body they tend to build pH of that zone that 
eliminates microscopic organisms. Silver doped BGs are likewise 
utilized for this reason because of their mitigating the microorganism’s 
inhibitory property [26]. 

12.5. Dental Tablets 
BGs doped with different minerals are to a great extent utilized in dental 
medications. For instance, BGs doped with fluoride are utilized for 
demineralization, since doping diminishes fluorides and expends the 
solvency of the teeth that keeps them safe from demineralization and aids 
in the demineralization of tooth lacquer [26]. 

13. Conclusion
BGs contain different arrangements and are utilized for different dental, 
clinical, bone repairing surrenders and numerous other applications in 
different fields. BGs are set up by customary dissolving technique 
although it is a cumbersum process. Hence, sol gel strategy has been 
utilized and it has defeated the impediment of softening strategy. High 
surface territory and porosity are achieved by sol-gel strategy which 
improves the application of BGs in different fields. BGs have anti-
bacterial properties and they also have crystallization, hardness and 
insect microbial properties. A focal point of future work ought to be the 
utilization of various manufacturing techniques for the readiness of 
extreme and solid BG platforms and afterwards their assessment in non-
stacked and stacked bone imperfections locales in creature models. 
Based on the current medical uses of BGs, a splendid future in the field 
of medicine is anticipated. 
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