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5.1       Introduction: 

            In 1969, Prof Hench discovered bioglass, which led to an enormous research 

interest in the development of bioactive glass materials in the last six decades [1-4]. A 

bioactive glass material is found to be a great replacement for the bone tissues in our 

body in case of fractures and other issues. They adopt our body tissue’s bond and form 

a bone shape as required. They are much more adaptable in different sizes as well as in 

nature [5-7]. They are more efficient than steel as they are inserted in the bone body in 

fluid forms. The main benefit of these bioactive glasses is their ability to create an amorphous 

calcium phosphate film. After SBF immersion, the formation of HA was observed [8-9]. 

Hydroxyapatite (HA –Ca10(PO4)6(OH)2), a naturally existing calcium phosphate ceramic, is 

present in bone and teeth. Metal orthopaedic implants are often coated with HA in order to 

encourage bone growth around the new implant, but HA is also used in foam and powder forms 

to help repair bone voids [10-11]. HA is an excellent bioactive, biocompatible compound for 

regeneration, but poor mechanical properties are its limitations. The occurrence of infections 

associated with orthopaedic devices is a significant challenge within medical facilities. It may 

create a loss of bone tissue, several replacement operations, and, in extreme circumstances, 

amputation infection and even patient death [12]. According to existing literature, the 

prevalence of infection after implant surgery might reach a maximum of 3%. This rises to 14% 

in the case of revision procedures [13-14]. The occurrence of osteomyelitis associated with 

fractures varies depending on the specific bone and kind of fracture. The death rate caused by 

infection might reach a maximum of 28% [15]. The only possible method of cure in case of 

such infections is antibiotics. Antibiotics are also harmful to the human body. Bioactive glasses 

are being used as a substitute material in place of human bone for different applications [16-

21]. Bioactive implants are coated with bioactive compounds to decrease the risk of infection 



[22]. Titanium dioxide may be subjected to reduction processes to provide a transition metal 

characterized by relatively low density, and notable strength. Titanium provides a passive TiO2 

layer, allowing improved corrosion resistance [23-25]. Titanium is widely used in the field of 

bioactive materials [26]. Using titanium alloy, namely titanium oxide, has improved the 

mechanical strength of materials employed in fracture, spinal fixation and other applications 

[27-30]. Borate glass was invented by Otto Schott, a German scientist, in the 19th 

century. Borate glass is a complex composition of silicate glass and alkali ions [31-32]. 

It is being used in the field of bioactive glass in orthopaedic applications [33-35]. 

Characterization of titanium ions doping with various components in borate glass was 

done [36-37]. 1393 glass is widely used in bioactive materials [38-43]. However, the 

complete replacement of SiO2 with B2O3 causes uncontrollable degradability of the glasses 

in SBF solution. Such faster degradability is controlled by various researchers [44-45].  

1393-B3 Borate glass with the molecular formula (53-X) B2O3, 20CaO, 12K2O, 6Na2O, 

5MgO, 4P2O5 and (X) TiO2 (wt%) where X = (0.0, 1.0, 1.5, 2.0 and 2.5) are being 

manufactured. Here, in 1393-B3 glass, silica was replaced with boric oxide to get the result 

at less melting temperature, resulting in energy saving and more economical bioactive glass. 

The 1393-B3 glass has shown bioactivity when substituted with various elements [46-47]. 

Thus, in the present investigation, our aim is to produce bioactive glasses at low temperatures 

with better mechanical strength and better bone compatibility properties suitable for 

orthopaedic purposes. 

5.2       Materials and methods: 

5.2.1    Synthesis of bioglass: 

            Glass batch calculation is performed to choose the ideal batch of raw ingredients for a 

glass melt process. All the chemicals are purchased from Loba Chemie Pvt Ltd, which has 98% 



purity. To prepare these bio glass samples: boric oxide (H3BO3, source of B2O3), calcium 

carbonate (CaCO3 source of CaO), sodium bicarbonate (Na2CO3 source of Na2O), ammonium 

dihydrogen orthophosphate (NH4H2PO4 source of P2O5), magnesium carbonate (MgCO3 

source of MgO), potassium carbonate (K2CO3 source of K2O) and titanium dioxide (TiO2) were 

properly weighed using electronic balance and then mixed in proportion in mortar and pestle 

as given in Table 5.1. All the chemicals used were of analytical reagent grade, and the weight 

of various oxides was calculated according to the formula 

Wa = 
𝐗𝐚𝐙𝐚

∑ 𝐗𝐢𝐙𝐢𝐧
𝐢=𝟏

 

Wa = Weight fraction, Xa = Mole fraction, Za = Molecular weight of oxide 

            After preparation, each of the batches was taken in a clean platinum crucible. The 

crucible was filled with sample batches and placed inside the electric furnace. Each batch is 

melted at 1100°C for two hours. After homogeneous melting, the glass was poured into a 

preheated stainless steel plate die, and the obtained sample was placed in an annealing furnace 

at 500ºC for 2 hours. After 2 hours, the furnace temperature is decreased to room temperature 

at the rate of 1°C per minute. After the glasses are cooled, they are cut into small pieces, and 

some glasses are crushed using mortar and pestle and then converted into powdered form with 

the help of the ball mill technique. Pellets are made from these samples, and their physical, 

chemical, and mechanical properties like density, compressive strength and flexural strength 

are measured. SBF is prepared using the well-known Kokubo method [8]. The concentration 

of SBF closely resembles that of human blood plasma. The samples are kept in small plastic 

containers in a ratio of 1:100, where 1 is the weight of the sample, and 100 is the weight of the 

SBF solution in gm [48]. The containers are kept in an incubator at 37°C. The pH value of the 

samples is measured at intervals of 1,7,15,21, and 28 days. After that, the SBF solution is taken 



out from boxes, and it is kept in an air oven at 70°C temperature for drying. Then, these samples 

are carried to room temperature. 

Table 5.1 Composition of BG bioactive glass (wt%). 

 Chemicals Base BG1 BG2 BG3 BG4 

B2O3 53 52 51.5 51 50.5 

CaO 20 20 20 20 20 

Na2O 6 6 6 6 6 

P2O5 4 4 4 4 4 

MgO 5 5 5 5 5 

TiO2 0 1 1.5 2 2.5 

K2O 12 12 12 12 12 

5.2.2    Physico-chemical, mechanical and thermal properties: 

5.2.2.1 Physico-chemical properties: 

            Density: Archimedes principle was used to determine the density of the bioactive glass 

samples taking distilled water as a buoyant material, with an accuracy of 0.001 gm. A digital 

balance was used to measure all of the weights. According to this principle, the buoyant force 

acting upward above the axis of the mass of the liquid being moved is equal to the mass of the 

liquid that the body displaces, whether the body is totally submerged or partly submerged [49].  

The density (ρ) of the samples was calculated with the formula: 

𝛒 =
𝐰𝐚

𝛚𝐚−𝛚𝐛
𝛒𝐛     ………(5.1) 

Here, ρb = Density of buoyant, wa = Weight of the sample in air, and wb = Weight of 

the sample in buoyant 

pH measurement: We measured the pH value of the SBF solution after submersing 

powdered glass samples with the help of the EI Alpha 01 Digital pH Meter at room 



temperature for 2, 7, 15, 21 and 28 day intervals, which helped us to analyze the 

movement of ions in the samples. 

5.2.2.2 Mechanical properties: 

            To measure the mechanical properties, the sample pallets are prepared. Here, the 

powdered samples are pressed uniaxially at 10-ton pressure in a hydraulic machine for 80 secs. 

Then, these samples are sintered at 500°C for 2 hrs with a heating and cooling rate of 5° per 

minute. 

            Compressive strength: It is also referred to as compression strength, which is the 

inherent ability of a material or system to resist loads that exert a force aimed at reducing its 

dimensions [42].  

The compressive strength (σ) of the bioactive glass is calculated with the formula: 

𝛔 =
𝐅

𝛑𝐫𝟐
      ………………..(5.2) 

Here, F= load in Newton, r=radius of the pallet 

            Flexural strength: The flexural strength of a material is often described as the highest 

amount of bending stress that may be given to the material before it undergoes mechanical 

deformation [50]. 

Flexural strength (MPa) =
𝟑×𝐅×𝐥

𝟐×𝐛×𝒉𝟐
 ………..(5.3) 

Where, F=load in Newton, l=length b=width h =thickness of the pallet 

            Elastic properties measurement: The velocities of ultrasonic waves, both longitudinal 

and transverse, were recorded for titanium substituted 1393-B3 borate bioactive glass and the 

basic glass. These measurements were conducted using the Olympus equipment (M-45, USA) 

made in the USA. The glass samples, which are to undergo velocity measurements, were 



prepared by cutting and polishing them into cubic pieces. The measurement process included 

determining the time that passed between the commencement of a pulse and the reception of 

the pulse on the screen of an ultrasonic defect detector. This was achieved using a typical 

electrical circuit. 

            Using data on longitudinal and transverse velocities, we calculate the following elastic 

properties: 

1. Poisson’s Ratio (υ): It is the deformation of a material perpendicular to the applied load.  

2. Young’s Modulus (E): It is a material parameter that describes its ability to undergo 

stretching and deformation. 

3. Bulk Modulus (K): It defines the ability of a material to restore its initial volume when 

subjected to compression. 

4. Shear Modulus (G): It determines the level of stiffness exhibited by an object. 

We determine these values with the help of the following formulas: 

𝛎 =
𝐕𝐋

𝟐−𝟐𝐕𝐓
𝟐

𝟐(𝐕𝐋
𝟐−𝐕𝐓

𝟐)
   ………(5.4) 

𝐄 =
𝛒𝐕𝐋

𝟐(𝟑𝐕𝐋
𝟐−𝟒𝐕𝐓

𝟐)

𝐕𝐋
𝟐−𝐕𝐓

𝟐    …..(5.5) 

𝐊 =
𝟏

𝟑
𝛒(𝟑𝐕𝐋

𝟐 − 𝟒𝐕𝐓
𝟐) …..(5.6) 

𝐆 = 𝛒𝐕𝐓
𝟐  ……(5.7) 

Here, VT = Transverse velocity, VL= Longitudinal velocity and ρ=density of the sample. 

5.2.2.3 Thermal properties: 

            Differential scanning calorimetry (DSC) was used to determine the glass transition 

temperature of experimental compositions and optimal temperatures for isothermal treatments 

of glasses. Thermo-gravimetric Analysis (TGA) measures the mass of a sample as it is heated, 

cooled or held at a constant temperature [51]. Here, the heat flow and weight loss value were 



measured by heating the borate bioactive samples. The samples were ground in agate mortar 

with a pestle for 20 minutes before testing. A TG-DSC (Mettler Toledo, Germany) thermal 

analyzer was used to record DSC and TGA curves in the temperature range from room 

temperature to 700 ºC with a heating rate of 10°/min.  

5.2.3    In-vitro analysis: 

            In-vitro bioactivity studies of the bioglass samples are done after submersing the 

powdered samples in SBF solution for different time intervals. Then we dried the powdered 

samples in a hot oven at 70ºC for 48 hours. Other testing techniques, XRD (X-ray diffraction), 

FTIR (Fourier-transform infrared spectroscopy), and SEM (Scanning electron 

microscope)/EDAX (Energy dispersive X-ray analysis) results help us to determine the 

changes in samples after SBF soaking. 

5.2.3.1 Phase, functional group and surface morphology study: 

            Phase analysis, functional group and surface structure study of the bioglass samples are 

done by using XRD, FTIR and SEM/EDAX techniques. Rigaku Miniflex II XRD machine is 

used to determine phases of the bioglass samples in the range of 10 to 80º with a scanning 

speed of 2ɵ using Kα radiations. Bruker Tensor 27 FTIR spectroscope is used to find the 

functional group present in the samples in the range of 400-4000 cm-1. EVO - Scanning 

Electron Microscope MA15 / 18 machine gives the surface morphological images of the 

prepared glass samples to find different elements present in them, and the EDAX part shows 

the elemental analysis of the sample. All these testing methods show that the HA layer formed 

on the sample’s surface after immersing them in an SBF solution, the composition of which is 

approximately the same as that of human body plasma. 

5.2.4    Hemocompatibility: 

            Hemolysis occurred tells us its compatibility with human blood. Initially, heparin-

coated tubes are used to collect human blood from the median cubital veins, serving as an 

https://www.indiamart.com/proddetail/alpha-01-digital-ph-meter-22610567555.html
https://www.indiamart.com/proddetail/alpha-01-digital-ph-meter-22610567555.html
https://www.indiamart.com/proddetail/alpha-01-digital-ph-meter-22610567555.html
https://www.indiamart.com/proddetail/alpha-01-digital-ph-meter-22610567555.html
https://www.indiamart.com/proddetail/alpha-01-digital-ph-meter-22610567555.html
https://www.indiamart.com/proddetail/alpha-01-digital-ph-meter-22610567555.html


anticoagulant. [54-55]. A centrifugation procedure was conducted at a force of 650g for a 

duration of 10 minutes, with a temperature maintained at 4ºC. After that, the supernatant was 

properly repudiated. The RBC pellets were cleaned until the supernatant was purified. 

Subsequently, Phosphate-buffered saline (PBS) was added to dilute the blood in a 1:10 blood-

to-PBS ratio. This was followed by adding 0.1 ml of red blood cell suspension (RBCs) and 1 

mg/ml (in PBS) of the products to make 0.9 ml. The pH of PBS is 7.4, and it shows no obvious 

lysis value. Triton X-100 functions as a positive control, signifying complete lysis at a 100% 

rate. The mixed products were incubated in a shaker-type incubator at 37 ± 1 °C for 1 hour, 

with constant stirring. Following this incubation period, the mixture was subjected to 

centrifugation with a force of 650 g for a duration of 10 minutes at 4ºC. This centrifugation 

stage was performed to separate the non-lysed RBCs from the rest of the components. To 

evaluate the degree of lysis, the supernatant's optical density at 540nm was evaluated using a 

microplate reader. The supernatant’s optical density at 540nm was evaluated using a microplate 

reader in order to quantify the degree of lysis [55]. Hemolysis calculated using following 

equation:                         𝐇𝐞𝐦𝐨𝐥𝐲𝐬𝐢𝐬 =
𝐎𝐝sample−𝐎𝐝𝟎

𝐎𝐝𝟏𝟎𝟎−𝐎𝐝𝟎
 𝐗 𝟏𝟎𝟎    

Odsample, Od100, and Od0, represented as optical density (OD) values of the samples, 

positive control (Triton-X) and negative control (PBS), respectively. 

5.2.5    In-vitro cellular analysis: 

            The osteosarcoma cell line MG-63 was obtained from NCCS Pune, India. Genetix 

(Genetix Biotech Asia Pvt. Ltd) were provided DMEM (Dulbecco's Modified Eagle Medium) 

along with a 12-well cell culture plate. From Eppendorf, we bought 96 well plates and T-25 

flasks. Gibco supplied us with Penicillin-Streptomycin, FBS (Fetal Bovine Serum) and 

Trypsin-EDTA. The analysis ingredient from a well-known brand was used to make PBS; for 

characterization, cell lines were grown in DMEM enriched with 10% FBS and a pen-strep 



antibiotic solution. The culture was maintained at a temperature of 37 °C in a humidified 

atmosphere with 5% carbon dioxide (CO2). The statistical analysis was performed using one-

way ANOVA followed by Tukey’s test. 

            To check cellular compatibility, Cell viability tests were carried out to examine the 

effect of titanium-substituted borate glass samples (Base, 1%, 1.5%, 2% and 2.5%) on MG-63 

cells [54]. 1× 104 cells were sown in every well of the 96-well cell culture plate and incubated 

the whole night for adherence. 1 ml of PBS was used to suspend the titanium-substituted borate 

glass samples at 5 mg/ml stock concentration. The cells underwent treatment with different 

concentrations (100, 200, 400 and 600 µg/ml) of titanium-substituted borate glass samples and 

incubated for 24 hours. The exhausted media were discarded, followed by the addition of an 

MTT-containing medium to each well. The MTT-containing medium was further incubated for 

2 hours, and after that, spent media were discarded, and each well received 100 µl of DMSO 

to dissolve formazan crystal for 30 minutes. 

            We check the phase images of the samples regularly. The validation of proliferating 

MG-63 cells was conducted using in-vitro live cell pictures using a phase contrast microscope 

[55]. Following a 24-hour treatment period of samples, pictures were acquired using an 

inverted phase contrast microscope (EVOS FL cell imaging system, Life Technologies, USA) 

at 100X magnification.  

 

 

 

 

 

Figure 5.1 (a) Density of base (b) pH value, and TiO2 substituted 1393-B3 glass samples. 

(a) (b) 



5.3       Result and discussion: 

5.3.1    Physico-chemical, thermal and mechanical properties: 

5.3.1.1 Physico-chemical properties: 

            Density: The density of the sample is determined by using Equation 5.1. In the 1393-

B3 borate glass, Figure 5.1a shows that as the TiO2 substitution increases, so does the density 

of the bioactive glass sample. The substitution of B2O3 with TiO2 increases density due to its 

more precise structural arrangement. Enhancing the compactness of samples contributes to the 

enhancement of their hardness. 

           pH analysis: Figure 5.1b depicts the pH fluctuations of the 1393-B3 borate bioactive 

samples substituted with TiO2 while submerged in a solution of SBF as a function of the time 

of immersion. The findings indicated that the pH values of the samples exhibited a rise upon 

immersion. Indeed, the observed outcome may be attributed to the rise in alkali ions (Na+, Ca2+, 

Mg2+) and P5+ concentration within the solution, which originates from the dissolving of glass 

in the SBF solution. This observed fluctuation provides evidence of the ion exchange 

mechanism occurring between the glass surface and the biological media, potentially 

promoting the formation of the HA layer [54]. The pH value exhibits an upward trend over a 

period of 15 days as a result of ion movements facilitating the development of HA. pH value. 

decline continues until reaching a stable level after a period of 28 days.  

Figure 5.2 Mechanical properties variation of base and TiO2 substituted 1393-B3 glass 

samples (a) Compressive strength and (b) Flexural strength. 

(a) (b) 



Table 5.2 Longitudinal velocity and transverse velocity. 

Sample VL VT 

BG0 (1393-B3) 6497 3587 

BG1 (TiO2 1.0%) 6525 3608 

BG2 (TiO2 1.5%) 6566 3641 

BG3 (TiO2 2.0%) 6589 3657 

BG4 (TiO2 2.5%) 6647 3696 

 

Table 5.3 Poisson’s ratio, young’s modulus, bulk modulus and shear modulus values. 

Sample Υ E K G 

BG0 (1393-B3) 0.2807 90.022 68.426 35.136 

BG1 (TiO2 1.0%) 0.2797 91.950 69.578 35.915 

BG2 (TiO2 1.5%) 0.2779 94.283 70.764 36.880 

BG3 (TiO2 2.0%) 0.2774 95.705 71.659 37.459 

BG4 (TiO2 2.5%) 0.2762 98.435 73.309 38.563 

 

5.3.1.2 Mechanical Properties: 

            The compressive strength and flexural strength of the sample are determined by using 

Equation 5.2 and Equation 5.3, respectively. As shown in Figure 5.2, the sample's flexural and 

compressive strengths have risen as the TiO2 substitution increases. The samples exhibit a 

greater prominence of compressive and flexural strength when subjected to bone contact. 

Samples of bone tissue linkages grow stronger and more adaptive. It is widely seen that the 

main drawback of HA lies in its mechanical properties. Even so, through enhanced mechanical 

properties, these limitations may be effectively reduced.  

            Elastic properties: The longitudinal velocities and transverse velocities of the bioglass 

under investigation are shown in Table 5.2. The elastic properties of the BG bioglass samples, 

Poisson's Ratio, Young's Modulus, Bulk Modulus, and Shear Modulus, are determined using 

equations 5.4-5.7 respectively. Table 5.3 shows the change in these elastic properties with 



different TiO2 substitution percentages. The analysis of the elastic properties reveals that the 

substitution of TiO2 in the 1393-B3 borate glass results in an increase in both longitudinal and 

transverse velocities, as well as young's modulus, shear modulus and bulk modulus of the 

bioactive glasses. However, a slight decrease in the value of Poisson's Ratio is observed. The 

observed increase in the elastic modulus and longitudinal and transverse velocities may be 

attributed to the concurrent rise in the interconnection of the glass network. The enhancement 

of the glass network in 1393-B3 borate bioactive glass is seen with increasing TiO2 substitution. 

When interatomic distance is considered, the concepts of Young's modulus, bulk modulus, and 

shear modulus become evident. Specifically, the octahedral coordination of the Titanium ion 

plays a role in the glass network as modifiers, occupying interstitial positions. This occupation 

leads to an augmentation in the average quantity of network bonds per unit volume. Therefore, 

the observed enhancement in these characteristics may be attributed to the contribution of TiO2, 

which results in an increase in the interconnectivity within the investigated bioactive glass 

structure. An increase in the glass network's crosslink density may cause the observed decrease 

in Poisson's Ratio of the BG bioactive glass sample as the network modifier concentration rises. 

Crosslink density is defined as the number of bridging bonds per cation.  

 

Figure 5.3 DSC graph of base 1393-B3 borate glass before sintering. 



Figure 5.4 Thermal properties of base and TiO2 substituted 1393-B3 glass samples (a) DSC 

graph and (b) TGA graph. 

5.3.1.3 Thermal properties: 

In Figure 5.3, the DSC study of base 1393-B3 borate glass sample exhibited a glass transition 

temperature of 467.5°C and glass crystallization temperature (Tcr) at 634.6°C. Figure 5.4a 

displays the DSC-heat flow graph for all the samples. This study showed that the substitution 

of boric oxide with TiO2 resulted in a significant increase in heat flow, particularly at higher 

temperatures [52]. In comparison, TiO2 has a very high melting temperature. The heat flow 

value decreases when a more significant proportion of TiO2 is substituted. Figure 5.4a shows 

the glass transition temperature in the range of 450-520 ºC value, while the glass crystallization 

temperature is in the range of 600-700 ºC. Here, in Figure 5.4b, we obtained that the TGA 

weight loss value is altered very with a very small amount. We even observed that for base 

1393-B3 borate glass, the weight loss value was increased at higher temperatures. For the TiO2 

substituted samples, the weight loss value starts decreasing in the temperature 30-70 ºC range. 

These results show better adaptability as weight loss decreased after TiO2 substitution.  

(a) (b) 



Figure 5.5 FTIR spectrum for different compositions of TiO2 substituted 1393-B3 borate 

glass before immersion in SBF. 

 

Figure 5.6 FTIR spectrum for BG1(1%), BG2(1.5%), BG3(2%) and BG4(2.5%) for different 

TiO2 substituted 1393-B3 borate glass after 1,7,15,21 and 28 days immersion in SBF. 

 

5.3.2    In-vitro analysis: 

5.3.2.1 FTIR spectroscopy analysis: 

            FTIR absorbance spectra analysis was used to examine the presence of functional 

groups within the bioactive BG glass [53]. Figure 5.5 illustrates the bonding configuration 

observed in the different TiO2 substituted samples. In this observation, the B-O bond stretch is 



detected at a wavenumber of 740 cm-1, the B-O tetra bond stretch is seen at 975 cm-1, the B-

O stretch is identified at 1580 cm-1, and the O-H bond stretch is found at 3690 cm-1. The 

presence of boron oxide and hydroxy linkages in the BG samples is shown. Figure 5.6 shows 

the various bonds present in 1% (BG1), 1.5% (BG2), 2% (BG3), and 2.5% (BG4) TiO2 

substituted 1393-B3 borate bioglass samples while submerged in SBF solution for different 

durations. In this study, we observed the stretching of B-O tetra bonds, hydroxyl bonds, 

and phosphate and carbonate bonds, which indicate the creation of an HA layer on the sample's 

surface [54]. 

Figure 5.7 XRD graph of different wt % of TiO2 substitution in 1393-B3 borate glass (a) 

before SBF immersion and (b) after SBF immersion. 

5.3.2.2 XRD analysis: 

            The property of the obtained base and TiO2 substituted 1393-B3 borate glass was found 

to be only amorphous in nature, and no indications of crystalline phase were seen either in the 

base glass or in the TiO2 substituted 1393-B3 borate glass from the XRD pattern in (Figure 

5.7a) proves that [52]. In this, we see that there is no sharp peak present in all five BG samples. 

In Figure 5.7b, we can observe a sharp peak at 31.6º (2 thetas) denoted with * denotes the 

creation of Ca10.042 (PO4)5.952 (OH)2.292 (JCPDS code-2536) HA bond in the 1393-B3 base and 

TiO2 substituted 1393-B3 borate glass samples which were submerged in SBF solution for 28 

(a) (b) 

2536 7099 



days. So, the creation of the phosphate band occurs after 28 days. This steep peak indicates the 

creation of the HA link. Another steeper peak is also found at the base, and 1%, 1.5%, 2%, and 

2.5% TiO2 substituted 1393-B3 borate glass bioactive glasses. The steep peak at 45.3º (2 thetas) 

indicates the creation of a sodium phosphate bond, Na2(HPO)4 (code 7099), and this 

represents the phosphate bonds, as shown in JCPDS data analysis [54]. Thus, these findings 

suggest the creation of an HA layer on the surface, which leads to an increase in bioactivity. 

Figure 5.8.1 SEM image for base 1393-B3 borate bioactive glass sample (a) before SBF 

immersion and (b) after SBF immersion. 

Figure 5.8.2 SEM-EDS image for 1 % TiO2 substituted 1393-B3 borate bioactive glass 

sample (a) before SBF immersion and (b) after SBF immersion. 

(a) 

(b) 

(a) (b) 



Figure 5.8.3 SEM-EDS image for 1.5 % TiO2 substituted 1393-B3 borate bioactive glass 

sample (a) before SBF immersion and (b) after SBF immersion. 

Figure 5.8.4 SEM-EDS image for 2 % TiO2 substituted 1393-B3 borate bioactive glass 

sample (a) before SBF immersion and (b) after SBF immersion. 

(a) 

(b) 

(a) 

(b) 



Figure 5.8.5 SEM-EDS image for 2.5 % TiO2 substituted 1393-B3 borate bioactive glass 

sample (a) before SBF immersion and (b) after SBF immersion. 

 

5.3.2.3 SEM-EDS analysis: 

            A SEM instrument is employed to examine the surface morphology of BG 

samples before and after immersion in SBF. EDS is used to identify the constituent 

components inside various samples. In Figure 5.8.1(a), it is clear that there are no layers in the 

base 1393-B3 borate sample. Conversely, figure 5.8.1(b) demonstrates the formation of a white 

spots layer, i.e., HA layer on the surface of the base 1393-B3 borate sample after immersion in 

SBF [41-45]. The SEM/EDAX images of 1%, 1.5%, 2%, and 2.5% (TiO2 substituted) are 

shown in figures 5.8.2(a), 5.8.3(a), 5.8.4(a), and 5.8.5(a) correspondingly showing no layer on 

the surface, i.e. no elements of the HA layer. Figures 5.8.2(b), 5.8.3(b), 5.8.4(b), and 5.8.5(b) 

depict the SEM surface picture exhibiting a white HA layer on the samples. EDAX result 

displays the constituent components found within the samples. In the EDAX study, after SBF 

solution immersion, it was observed that the levels of phosphorus, calcium, and oxygen 

elements exhibited a rise, suggesting the creation of a HA layer.  

(a) 

(b) 



Figure 5.9 Ex vivo haemocompatibility of the TiO2 substituted 1393-B3 borate glass (A) 

represents the after haemolytic study (B) % of haemolytic activity. 

5.3.3    Hemocompatibility: 

            The experiment results indicated that all of the BG borate bioactive samples can be 

mixed with human blood. As shown in Figure 5.9(A), blood samples cannot be lysed. That's 

why we can say that it works with human blood [55]. As shown in Figure 5.9(B), the products 

caused less than 4% haemolysis, substantially lower (p < 0.01) than the positive control group 

(triton x-100), which was known to have a strong haemolytic effect [41]. The created items 

were found to be compatible with blood and would work for bone substitution. 

Figure 5.10.1 Bar diagram represents a cellular proliferation of titanium substituted with 

1393-B3 borate glass sample against MG-63 cell line. Here * denotes a significant difference 

(p<0.05) compared to the control. 
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Figure 5.10.2 Phase contrast microscopic images (400µm) of TiO2 substituted 1393-B3 glass 

samples (Base, 1%, 1.5%, 2%, and 2.5%) against MG-63 cell lines at various concentrations 

(100, 200,400 and 600µg/ml) showing proliferation of cells in a concentration-dependent 

manner. 

 

5.3.4    In-vitro cellular analysis: 

            This study demonstrates the biocompatibility of all samples produced following the 

introduction of TiO2 substitution, as seen by the bar graph and accompanying photos. The 

diagram illustrates a positive correlation between the proliferation value and the level of TiO2 

substitution in the BG borate bioactive samples. 

5.3.4.1 Cellular compatibility assay: 

            The titanium-substituted 1393-B3 borate glass samples (Base, 1%, 1.5%, 2% and 2.5%) 

induced concentration-dependent proliferation against MG-63 cells even at higher 

concentrations. Significant proliferation was seen in the treatment group as compared to the 

control group. Thus, in Figure 5.10.1, the results suggested that titanium borate glass samples 

significantly support cell survival and growth, which signifies a potential scope for bone 

regeneration [55].  



5.3.4.2 Phase-contrast Imaging: 

            In-vitro cell imaging with phase contrast microscope data revealed that the proliferation 

of MG-63 cells increased with the concentration of titanium in 1393-B3 borate glass samples. 

As shown in Figure 5.10.2, Cells were proliferated maximally in 1% titanium-substituted 1393-

B3 borate glass samples at the concentration of 600 µg/ml. This further validates the result of 

the cellular compatibility assay. Thus, the present result demonstrates that titanium substituted 

1393-B3 borate glass samples have a significant application on bone regeneration. 

5.4       Summary 

            Based on the observed data, it can be concluded that the 1393-B3 borate bioactive glass 

substituted with TiO2 exhibits different bioactivity. Earlier XRD had an amorphous character, 

with no evidence of a crystalline phase detected in the base glass or either in the TiO2-

substituted borate glass. The bioactivity of bioglass samples was shown by the use of SBF and 

subsequent testing utilizing XRD, FTIR, and SEM/EDAX characterizations. The identification 

of HA within the obtained data indicates the existence of bioactivity in the bioactive 

glass materials. It has been observed that different TiO2 substitution percentages have a 

considerable impact on the mechanical properties of the samples, particularly those associated 

with bone replacement. Haemocompatibility results show that they are compatible with human 

blood. During an investigation of cellular compatibility on the MG-63 osteosarcoma cell line, 

it was shown that introducing TiO2 into 1393-B3 borate bioactive glass samples resulted in an 

enhancement of cell proliferation. The best result for cellular compatibility is found for 1% 

TiO2 substituted 1393-B3 borate bioactive glass. The findings indicate that the incorporation 

of TiO2 into the 1393-B3 borate bioactive glass enhances its bioactivity, making it a potentially 

suitable substitute for orthopaedic implants used in joint replacement surgeries. 
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