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INTRODUCTION  

Calcium phosphates (CaP) such as beta-tricalcium phosphate (β-TCP) 

and hydroxyapatite (HAP) are commonly used as blocks, cements, pastes, 

powders or granules and have gained acceptance for various dental 

applications such as fillers for periodental defects. The main force behind 

the use of CaP as bone substitute materials is their chemical similarity to the 

mineral component of mammalian bones and teeth [1]. In addition, they are 

biocompatible, non-toxic, not recognized as foreign materials in the body 

and, most importantly, exhibit bioactive behavior and integrate into living 

tissue by the same processes as in bone healing, termed osteointegration. 

Currently, different synthetic or natural bone substitution materials were 

characterized by high-resolution x-ray (XRD), infrared spectroscopy 

(FTIR), thermogravimetry (TGA) and scanning electron microscopy [2]. 

The composition and morphology of all investigated materials were found 

strongly different suggesting wide range of applications. Because of their 

resorption in the body and direct contact with tissues, in order to inactivate 

bacteria, fungal spores and viruses, they are usually sterilized by γ-

irradiation. However, literature provides little information about effects of γ-

irradiation [3,4]. Furthermore, there are lots of studies of ionic substitutions 

in CaP, including Si, Sr, Mg, Zn and Mn, as a tool to improve the biological 

performance [5,6]. The ion that was demonstrated to be the strongest 

inhibitor of precipitation from calcium phosphate calcifying solution was 

Mn
2+

. In this study, Electron Paramagnetic Resonance spectroscopy (EPR) 

was used to distinguish details in HAP and -TCP based dental implants 

present on the market, in the subtle structural differences within different 

ion substitutions and defects in the structure of CaP obtained by γ-radiation 

at the atomic level that were not detected by XRD, FTIR and TGA.  
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MATERIAL AND METHODS  

Eight different dental graft materials were investigated by EPR 

spectroscopy. The following data of investigated bone substitution materials 

were obtained from manufacture’s specification. Bioresorb
®
 Macropore, 

Poresorb
®

-TCP, Easy-Graft
™

 and Cerasorb
®
 are synthetic β-tricalcium 

phosphates, Easy-Graft
™

 crystal and Ossceram
®

 are two phase synthetic 

CaP consisting of 60 % HAP and 40 % β-TCP, while Dexabone
®
 and Bio-

Oss
® 

are bone graft material of bovine origin. 

All samples were obtained from the manufacturers in sealed vials and 

used without further treatment for analysis. 

EPR spectra were recorded at Varian E109 X-band EPR spectrometer 
using a Bruker ER 041 XG microwave bridge, operating at 9.5 GHz with 

100 kHz modulation, equipped with a variable temperature unit ER4111VT 

by Bruker Instruments. DPPH was used as external magnetic field marker. 

 

RESULTS  
EPR spectra of two-phase CaP Easy-graft

TM
 crystal are shown in 

Figure 1. Spectrum is characterized by the broad line centered at g = 2.000 

of the linewidth 60.0 mT that suggests large dipolar interaction between 

paramagnetic ions, Mn
2+

 and/or Fe
3+

. 
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Figure 1. X-band EPR spectrum of Easy-graft

TM
 crystal at room 

temperature. Experimental conditions: microwave power 6.3 mW and 

modulation amplitude 0.4 mT (in insert microwave power 1.0 mW). 
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The absence of the zero field splitting suggests that Mn
2+

 ions are not 

located in the biphasic Easy-graft
TM

 crystal structure (in -TCP nor in 

hydroxylapatite [7-9]). The line at g = 4.27 is due to Fe
3+

 ions, and suggests 

that a part of Fe
3+

 ions are incorporated into the structure of hydroxylapatite 

phase [10]. In Figure 1 in insert spectrum with six sharp hyperfine lines split 

by A = 9.2 mT suggest Mn
2+

 ions located in CaCO3 at the surface of the 

sample as impurity. The lines at g = 2.000, prominent in the rectangle, are 

due to  2CO paramagnetic center, while two sharp hyperfine lines separated 

by A = 49.7 mT confirm presence of trapped hydrogen atoms, formed by γ-

irradiation during the sterilization process [11]. Although Ossceram
®
 is two-

phase CaP, EPR shows less paramagnetic species: Mn
2+

 ions that are not 

located, Fe
3+

 and 

2CO  radicals.  
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Figure 2. X-band EPR spectrum of Bioresorb

®
 Macropore sample at room 

temperature recorded at microwave power 1.0 mW and modulation 

amplitude 0.01 mT.  

 

EPR studies of β-TCP structures reveal: in Easy-graft
TM

, Mn
2+

 and 

Cr
3+

, and trapped H-atoms, in Bioresorb
®
 Macropore, Cr

3+
, trapped H-

atoms, while in Poresorb
®
-TCP and Cerasorb

®
 only Mn

2+
 ions. In Figure 2 

EPR spectrum of sample Bioresorb
®
 Macropore is presented. Spectrum is 

characterized by the two lines with the hyperfine splitting constant A = 49.9 

mT due to the hydrogen atoms. Each line is split in four super-hyperfine 

lines (low field, 315.6 mT, and high field, 365.5 mT, the lines are shown in 

insert) due to two 
31

P atoms from the two different neighbouring 
31

PO4 
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groups ( mT 07.0 mT, 15.0 21
3131 

PP
AA ) confirming that hydrogen atoms 

are incorporated in the structure of -TCP as impurity during the γ-

sterilization [12, 13]. As in the Easy-graft
TM

 sample Cr
3+

 ions incorporated 

into the structure of this sample were detected but far away from the trapped 

H-atoms. 

EPR spectra of bone graft samples from bovine origin highly depend 

on composition, method of preparation[14], γ-sterilization and storage 

conditions. In both samples, Dexabone
®

 and Bio-Oss
®  2CO  radicals were 

detected. In Dexabone
®

 Fe
3+

 ions, trapped H-atoms (A = 49.9 mT) and 
 2

3NO ( mT 8.6 mT, 4.3 ||  AA ) were recognized. The absence of trapped 

H-atoms and  2

3NO radicals in other sample can be due to thermal treatment 

after irradiation [12].  

 

CONCLUSION  

EPR spectra of eight bone graft samples show that spectroscopic 

parameters depend on the structure of the bone graft materials and its 

constituents. So, the impact of sterilization by irradiation is expected to be 

different regarding each sample. Further EPR analysis of the impact of 

sterilization is necessary for each of these samples separately due to the 

differences in the synthesis and structures. Additionally, EPR spectroscopy 

can provide information on stability of irradiation induced radicals and 

processes for reducing them.  

The results obtained by EPR spectroscopy suggest that this technique 

has to be introduced in the procedure of development of new bone graft 

materials. The techniques XRD, FTIR and TGA cannot detect structural 

details due to ionic substitutions, nor the free radicals induced during the 

sterilization processes. In the process of formation of new bone graft 

materials such an EPR study of the new material seems to be inevitable.  
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Calcium phosphates such as beta-tricalcium phosphate (β-TCP) and 

hydroxyapatite (HAP) are frequently used as dental implants due to proven 

excellent biocompatibility. Because of their resorption in the body and 

direct contact with tissues, in order to inactivate bacteria, fungal spores and 

viruses, they are usually sterilized by γ-irradiation. However, literature 

provides little information about effects of γ-irradiation on the formation 

and stability of the free radicals in the bone graft materials during and after 

sterilization procedure. In this study EPR (electron paramagnetic resonance) 

spectroscopy was used to investigate HAP and -TCP based dental implants 

present on the market. Eight dental graft materials present on the market 

were investigated: Bioresorb
®
 Macropore, Poresorb

®
-TCP, Easy-Graft

™
 and 

Cerasorb
®
 synthetic β-tricalcium phosphates, Easy-Graft

™
 crystal and 

Ossceram
®
 two phase synthetic CaP consisting of 60 % HAP and 40 % β-

TCP, and Dexabone
®
 and Bio-Oss

® 
bone graft material of bovine origin. 

EPR study shows that this is the only technique for characterization of 

free radicals that can simultaneously determine not only the presence and 

content, but also the position and the structure of free radicals formed by γ-

sterilization in the investigated materials, as well as the paramagnetic 

substitutions incorporated in the materials during the synthesis (such as 

Mn
2+

, Fe
3+

 or Cr
2+

). Additionally, EPR provides information on stability of 

irradiation-induced radicals ( 

2CO , trapped H-atoms, 2

3NO  etc.) and 

processes for reducing them. Results show that EPR should be considered as 

a valuable technique in improving the quality of bone graft materials, which 

must be sterile, and to offer the high quality, efficacy and reliable materials 

to the patients. 
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