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Abstract 

Bioglass is a material which can repair damaged living tissues and organs by interacting with biological systems. 
Bioglass were irradiated by different beam qualities (gamma and X-ray). The effectiveness of different doses and 
energies of gamma ray and X-ray were studied on bioglass as well as some dosimetric properties of bioglass 
were studied by applying the thermoluminescence technique and spectrometer technique. Results showed that 
the efficiency of electron and hole center generation depends on basic bioglass composition and also dependent 
on the type of ionizing radiation. The response of dose is not effective at working voltage 70 kV which means 
that the bioglass may be safe under this value of applied volt. 

Keywords: Gamma ray, X-ray, bioglass, spectrophotometer, fading 

1. Introduction 

Historically the function of biomaterials has been to replace diseased or damaged tissues. First generation 
biomaterials were selected to be as bio-inert as possible and thereby minimize formation of scar tissue at the 
interface with host tissues. 

The human body rejects metallic and synthetic polymer materials by forming scar tissue because living tissues 
are not composed of such materials. Bone contains a hydrated calcium phosphate component, hydroxyapatite 
[HA] and therefore if a material is able to form a HA layer in vivo it may not be rejected by the body (Hench, 
2006). 

Bioactive materials used for either tissue replacement or for tissue regeneration must possess controlled chemical 
release kinetics that synchronise with the sequence of cellular changes occurring in wound repair (Hench, 1998). 
If dissolution rates are too rapid the ionic concentrations are too high to be effective. Oonishi et al., 2000 and 
Wheeler et al., 2000 indicate that there are two classes of bioactive materials. Class A bioactivity leads to both 
osteoconduction and osteoproduction as a consequence of rapid reactions on the bioactive glass surface. Class B 
bioactivity occurs when only osteoconduction is present; i.e. bone migration along an interface, due to slower 
surface reactions, minimal ionic release and only extracellular responses occur at the interface (Hench, 1998). 
Differences between Class A and B bioactive materials are summarized in reference (Hench, 1998; Hench & 
West, 1996). 

Since the discovery of bioglass materials, many different applications for the use of these materials have been 
explored, including coatings of bioglass materials on devices for use in orthopedic, maxillofacial, middle ear and 
dental surgeries. Bioglass materials in powder or paste form also have a very large potential utility. Powders and 
pastes have found use in filling bony wounds as a putty, or through injection, whereas bulk bioglass materials 
usually require either clinical or preclinical shaping before surgical application (LeGeros, 1988).  

The aim of this work is to study the physical characteristics of prepared bioglass samples usually used in 
reparation of human bones by using two techniques, thermoluminescence and spectrometer. Two sources were 
used (x-ray and gamma ray) for irradiating the samples to cover the energy range (70kv - 662kv), to conclude the 
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effect of different energy on samples if peoples exposed to diagnostic or therapeutic ray. 

2. Materials and Methods 

2.1 Bioglasses Preparation 

High purity silica, tellurium oxide, reagent-grade calcium carbonate, sodium carbonate and ammonium 
dihydrogen phosphate were used to obtain glass compositions. Raw materials were mixed and melted in alumina 
crucibles in an electric furnace at temperature range from 800 °C to 1400 °C for 1 hour. The melt was 
occasionally swirled to assure homogeneity and attainment of thermal and chemical equilibrium. 

After refining, the melting glass was poured by pressing the sample between two ceramic plates to yield disc 
shaped samples. All samples prepared were homogenous, air bubbles-free and stored in desiccators for 
characterization. The glassy sample was then inserted directly into the furnace and held at the temperature of 
heat treatment for the desired time before cooling normally to room temperature. The samples were heat-treated 
at temperatures 620 ºC, 860 ºC and 1000 °C for time interval 10 hours. The average grain size of the various 
specimens was measured ≈ 60-90μm by Scanning Electron Microscope (SEM). The X-ray investigations were 
used to confirm the amorphous or crystalline nature of the structure. 

2.2 Irradiation Sources 

The irradiation of the pellets was performed using 137Cs gamma source with dose rate 1.645 mGy/min at 300 cm 
have been measured using secondary standard dosimetry system where the combined uncertainty value is 
1.75 % . The samples were irradiated at different gamma doses from 120.85 to 1450.2 Gy 

The X-ray machine used for irradiation in this study was of model MCN-323 metal-ceramic Philips double pole. 
The high voltage (HV) was directly measured by built in potential divider connected to the HV generator. The 
HV and tube current were adjusted in the range 15 to 320 kV and 0 to 22.5 mA, respectively. The setting needed 
for the X-ray tube according to TRS No. 469 of the International Atomic Energy Authority (IAEA, 2009).  

The samples were irradiated for both medium X-ray at 100 and 135 kV and low X-ray at 70 kV, according to 
CCRI (The Consultative Committee of Ionizing Radiation) (Liatano et al., 2005, Burns and Roger 2001). 

2.3 Thermoluminescence Technique 

TL measurements were made using Harshaw TL reader Model 4500. A heating rate of 5 oC /sec was used to heat 

the samples from room temperature up to 400 oC. The combined uncertainty value was calculated for the TLD 

samples were found to be ±10. 93% . 
2.4 Spectrophotometer Technique  

The UV-Visible spectrophotometer were made using Shimadzu Model 3101PC. The surface were scanned at 
wavelengths from 200 nm to 3000 nm with the monochromator slit width at 5 nm and operated at a scan rate of 
100 nm/min to obtain maximum accuracy. 

3. Results 

3.1 Optical Absorption Spectra 

The UV visible absorption spectra before and after irradiated to different gamma doses were studied for prepared 
bioactive glasses and shown in Figure 1. 

The prepared bioglasses are colorless and reveal no characteristic band before irradiation. The samples were 
irradiated to gamma doses up to 1450.2 Gy and measured in the visible region showed an ultraviolet band at 
about 210 nm and this band is usually assigned to trace iron impurities in phosphate (Marzouk et al., 2011; Rai et 
al., 2011) and silicate (Khalil et al., 2010; Gusarov et al., 2010) glasses. On subjecting the glass to gamma 
irradiation, a shifting of the beginning of absorption to higher wavelength is observed with the resolution of a 
broad band extending from about 220 to 320 nm with a maximum depends on the gamma ray dose. With 
increasing g-doses, the intensity of the broad band increase accompanied with a progressive shifting of the 
beginning of absorption to higher wavelength. 
The induced bands are observed to split to two absorption peak at 300 and 320 nm by high doses of gamma rays. 
Experimental results obtained in all bioglasses show almost an initial fast growth in the induced bands, reaching 
some sort of equilibrium or saturation condition as the dose rate is increased, where the ultraviolet bands are 
attributed to the electron surface. 
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Figure 1. UV spectra for glassy samples after irradiation with different gamma doses 

 

X-ray operating voltage at 70 KV 

The effect of X-ray irradiation on the absorption spectra of prepared glass samples are shown in Figure 2. The 
broad irradiation-induced absorption increment can be simulated by a superimposement of three Gaussian 
contours centered at 1.75, 3.04 and 4.29 eV. Such bands are known to appear in silicate glasses under UV, X-ray, 
gamma and electron irradiation and are attributed to color centers in glass (Gomonnai et al., 2001a). 

It should be noted, when the glassy matrix irradiated to high X-ray doses the irradiation-induced blue shift of the 
absorption edge was observed to decrease slightly. As seen from Figure 3, for the most heavily irradiated 
samples to high working voltage (100 kV) the absorption edge position shifts by 0.045 eV for the high dose 
where the intensity (a.u) value arising than at low dose. Note that further irradiation dose results in no changes in 
the absorption spectrum. Such effect can be attributed to the post-irradiation relaxation which is generally typical 
for dielectric glass matrices (Gomonnai et al., 2001b). 

 

 

Figure 2. UV spectra for glassy samples before and after irradiation with different X-rays doses at operating 
voltage 70 kV 
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Figure 3. UV spectra for glassy samples before and after irradiation with different X-rays doses at operating 

voltage 100 kV 

 
X-ray operating voltage at 135 KV 

Generally, several factors can be responsible for the observed behavior of absorption spectra under X-ray 
irradiation. The gradual smearing of the observed bands, observed for all samples, can be attributed to the X-ray 
induced ionization due to electron (hole) transfer between the building units and irradiation-activated electron 
(hole) traps in the host matrix. With the increase of the irradiation dose the transferred charge-carriers occupy the 
confinement-related levels in the nanocrystals, gradually disabling the lower-energy transitions. Therefore, in 
glassy samples the irradiation-induced changes affect only the lower energy features. In this case the discussed 
effect results in the observed blue shift of the absorption edge. 

Note that, a similar effect (the blue shift of the absorption edge) was observed in glasses under X-ray irradiation 
as in Figures 3 and 4. In both cases the blue shift is explained by photoionization process, the photoelectrons 
leaving the microcrystals and being captured by the traps in the glass. However, one should note that, the X-ray 
induced defects differs from the photo induced defects. 

However, there are at least two more possible explanations for the absorption edge blue shift in the irradiated 
samples. At normal conditions, vibrational units in the glassy matrix already sustain hydrostatic pressure from 
the matrix. X-ray irradiation can result in the additional hydrostatic pressure due to the known phenomenon of 
radiation swelling of the glass matrix (Glebov et al., 1986). It should be also noted that, since the host glass 
matrix in contains a considerable amount of filler, the blue shift of the absorption edge can also be related to the 
incorporation of this filler into the glass structure through formation of non-bridging atoms. 

 

 
Figure 4. UV spectra for glassy samples before and after irradiation with different X-rays doses at operating 

voltage 135 kV 
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3.2 Thermoluminescence Glow Curve 

The characteristic glow curves for glassy samples indicated single broadening glow peak, where the broadness of 
the peak may be as a result of the existence of closely spaced trapping center. The peak is very stable, and it 
remains in the same position independently of the radiation dose used gamma doses increase linearly with the 
TL-arbitrary unit. 

The asymmetric and broadening of peak lead us to may use it in the monitoring to the TL response for glassy as 
in Figure 5 where represents TL–response for glassy samples before and after irradiation to different gamma 
doses from 120.85 to 1450.2 Gy. 

Figure 6 shows linearity rising TL response with increasing X- ray doses at different applied voltage 70, 100 and 
135 kV. It was noticed that at working voltage 70 kV the response effect is negative value less than 2 Gy which 
means that the bioglass may be safe under this value of applied volt. But at 135 kV the response dose more than 
0.5 Gy effect on bioglass and may be make fragile. 

Figure 7 shows the integrated TL-intensity after storage period of two weeks at room temperature. It was noticed 
that the fading is very high dropping equal 3% through 14 days which indicate that the bioglass doesn’t keep the 
exposure dose. 

 

Figure 5. TL–response curve for glassy samples irradiated to different gamma doses from 120.85 to 1450.2Gy 

 

 

Figure 6. TL–response curves for glassy samples irradiated to different X-ray doses from 0.5 to 11.5 Gy at 
operating voltage 70, 100and 135 kV 
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Figure 7. Fading by (day) viruses the relative unit for TL–output (nC) for glassy samples 

 

4. Conclusions 

The influence of different doses of X-ray and gamma ray were studied for bioglass used as a reparative material 
which can repair damaged living tissues and organs. The response of different doses of X-ray and gamma ray on 
bioglass samples gives a straight line. The dose is not effective at working voltage 70 kV which means that the 
bioglass may be safe under this value of applied volt. But at 135 kV the response dose more than 0.5 Gy effect 
on bioglass and makes it fragile. Fading studied indicated that the bioglass rapidly loss the exposure dose. 
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