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ABSTRACT 
 
Spine metastases are a common and painful complication of cancer. The treatment often consists of bone 
cement injection (vertebroplasty or kyphoplasty) within vertebral body for vertebrae stabilization, followed by 
external beam radiation therapy. Recently, researchers introduced the concept of radioactive bone cement for 
spine tumors therapy. Then, investigations about bioactive and radioactive materials became interesting. In this 
study, we present the synthesis of calcium phosphate incorporated holmium (CaP-Ho) via sol-gel technique, and 
its characterization by XRD, FT-IR, NA and SEM. Results showed a multiphasic bioceramic composed mainly 
of hydroxyapatite, β-tricalcium phosphate, holmium phosphate and traces of calcium pyrophosphate. 
Furthermore, the nuclide Ho-166 was the major radioisotope produced. Despite that, the radioactive bioceramic 
CaP-166Ho must be investigated in clinical trials to assure its efficacy and safety on spine tumors treatment. 
 
 

1. INTRODUCTION 
 
Spinal metastases are a common manifestation of many types of cancer. Specifically, 
metastatic lesions in the spine have been found in 90%, 74% and 45% of patients who died 
from prostate, breast and lung cancer, respectively [1]. Vertebral metastases cause pain and, 
due to the proximity of the spinal cord, can lead to serious neurological complications 
resulting from vertebral collapse. Treatment must address the tumor itself as well as the 
structural deficiency it may cause in the bone [2]. The conventional treatment often occurs in 
two steps, a surgical procedure in which polymethylmethacrylate (PMMA) bone cement is 
injected into the vertebral body to restore bone strength (vertebroplasty or kyphoplasty), 
followed by multiple daily radiotherapy sessions to control tumor growth [3]. 
 
The most common type of radiotherapy for spinal metastases is external beam radiation 
therapy (EBRT). Although EBRT effectively delivers radiation to the vertebral body, 
adjacent radiosensitive tissues such as the spinal cord is also irradiated, often limiting the 
dose that can be safely delivered to the tumor [4, 5]. Thus, to maximize treatment 
effectiveness while minimizing collateral damage to normal tissue, EBRT is fractionated into 
ten daily treatment sessions, inconveniencing patients whose quality of life has already been 
compromised. Intensity modulated radiation therapy (IMRT) and stereotactic body radiation 
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therapy (SBRT) have emerged as improved radiotherapy techniques, but both techniques still 
irradiate the spinal cord (albeit to a lesser extent), and are expensive [3, 6, 7]. 
 
Few years ago, a new therapy modality named radiovertebroplasty, proposed to combine the 
two steps of the conventional treatment approach into a single procedure utilizing radioactive 
bone cement, i.e. bone cement mixed with a radionuclide [8]. If effective, this combined 
approach would integrate radiation therapy and the surgical strength-restoration procedure 
into a single procedure for treatment. Additionally, by directing radioactive bone cement to 
the location of the tumor, a beta-emitting radionuclide can be used to create emissions that 
penetrate only the adjacent bone/tumor, potentially allowing for a higher dose to the target 
bone and minimal dose to the spinal cord and other normal tissue nearby. Few researchers 
published his preliminaries investigations about this new technique, therefore more studies is 
obviously necessary till assure the radiovertebroplasty benefits [3, 9-11]. 
 
Polymethylmethacrylate (PMMA) is the material most used as bone cement, it has good 
mechanical performance and is inert to human boby [12]. At the same time, biomaterials 
based on calcium phosphates ceramics (CaPs) have been extensively investigated as bone 
substitutes because their similar chemical characteristics originate bioactive properties as 
osteoconduction and osteointegration [13-17]. There are many kinds of calcium phosphates 
bioceramics, each one has distinct properties of strength, stability and solubility in 
physiological environment. They have been explored to applications in bone replacements, 
coatings on implants, bone cements, including in association with PMMA. Among the 
existing calcium phosphates, the most interesting ones are hydroxyapatite and tricalcium 
phosphate [18-19]. 
 
Considering that, we suggest the composite PMMA/CaP-beta emitter as a promising 
radioactive bone cement taking account the interesting properties of its components.  
 
In this work, it was synthesized and characterized calcium phosphate incorporated holmium 
(CaP-Ho). The radionuclide 166Ho (half-life 26,8 hours) undergoes beta decay to 166Er, emits 
β

- particles with mean energy of 665 keV and maximum range in bone of 5,2 mm. 166Ho can 
be produced by neutronic activation of 165Ho (100% natural abundance). The radioactive 
bioceramic CaP-166Ho when added on PMMA gives rise to a radioactive bone cement. We 
hope its injection inside the tumor location will stabilize the vertebrae and additionally 
control the tumor by a local dose deposition. 
 

2. MATERIALS AND METHODS 
 

2.1. Synthesis 
 

Sol-gel route was the choice as synthesis technique by its simplicity, flexibility and low cost. 
It were produced bioceramics of holmium incorporated calcium phosphate (CaP-Ho) and 
calcium phosphate (CaP) pure for some comparisons. The starting materials employed in 
bioceramics synthesis are calcium nitrate tetrahydrate [Ca(NO3)2.4H2O], distilled water, 
phosphoric acid 85% (H3PO4), and specifically in CaP-Ho, holmium oxide (Ho2O3) dissolved 
in nitric acid. The chemicals ratio in CaP were calculated to induce the formation of 
hydroxyapatite with molar ratio Ca/P= 1,67. While in CaP-Ho, the same chemicals ratio was 
used except that 10% of calcium atoms were substituted by holmium atoms. 



INAC 2011, Belo Horizonte, MG, Brazil. 
 

 
To prepare the solutions, calcium nitrate was firstly dissolved in distilled water and then the 
others reagents were added. The sols were stirred in vortex for 10 minutes and placed in a 
ceramic crucible to age for 24 hours at ambient conditions. Afterward, the solvents were 
eliminated by drying for 18 hours at 100°C. The gels obtained were calcined in a furnace for 
1 hour at 700°C without atmospheric control. At the end of the process a ceramic formation 
was observed into the crucible. They were powdered with mortar and pestle for future 
applications in powder form.  
 

2.2. Characterization 
 

2.2.1. X-Ray Diffraction (XRD) 
 
Powder X-ray diffraction (XRD) patterns were recorded with CuKα radiation on a 
diffractometer (Rigaku, model D/MAX Ultima automatic). The crystalline phases were 
qualitatively determined from a comparison of the registered patterns with the ICDD powder 
diffraction file (PDF).  
  

2.2.2. Fourier Transform Infrared Spectroscopy (FTIR) 
 
The characteristics infrared absorptions from functional groups  were analyzed on a Fourier-
transform infrared spectrometer (Thermo Scientific, model Nicolet 380) with a resolution of 
4 cm-1, recorded in the range of 400-4000 cm-1, using KBr pellets. 
 

2.2.3. Neutron Activation (NA) 
 
Neutron activation of bioceramics was performed in TRIGA MARK I IPR-R1 research 
reactor. Irradiation spent 8 hours under thermal and epithermal neutron flux of 8,0x1011 e 
3,5x1010 n.cm-2.s-1, respectively. The activity of irradiated material was measured with a dose 
calibrator (CAPINTEC, model CRC-25R). The gamma spectrum was recorded by a high-
purity germanium detector (Camberra, model GC5019) coupled to a multichannel analyzer 
(Camberra, model DSA 1000) and counting time of 500 seconds. 
 
To determine the elemental concentration in the bioceramic samples it was applied the 
technique k0-instrumental neutron activation analysis (k0-INAA) as set up in the Laboratory 
for Neutron Activation Analysis, CDTN/CNEN [20].  
 

2.2.4. Scanning Electron Microscopy (SEM) 
 
Morfologic characterization was obtained in a scanning electron microscope (FEI, model 
Quanta 200 FEG). 
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3. RESULTS AND DISCUSSION  
 
The XRD patterns of the bioceramics (Fig. 1) detected the existence of several crystalline 
phases. In CaP (Fig. 1a), the main phase is hydroxyapatite (HAp), but it was noted traces of 
calcium oxide.  In CaP-Ho (Fig. 1b), the major phases are HAp and β-tricalcium phosphate 
(β-TCP), the minor phase is holmium phosphate. The holmium incorporation into the 
bioceramic matrix was accommodated as holmium phosphate and gave rise to a second phase 
beyond HAp, the β-TCP with molar ratio Ca/P=1,5. 
 
 
 

 

 

Figure  1. X-ray diffraction patterns (XRD) of (a) CaP and (b) CaP-Ho. 

 
 
 
The FTIR spectrum of CaP (Fig. 2a) revealed the typical HAp vibrational modes of 
orthophosphate (PO4

3-) at 569, 602, 962, 1045 and 1090 cm-1, and hydroxyl (OH-) at 631 and 
3572 cm-1 [21,22]. Several pyrophosphate (P2O7

4-) peaks at 727, 1157, 1188 and 1211 cm-1 
demonstrated the existence of calcium pyrophosphate (Ca2P2O7) [23-25]. The absorption 
band centered at 1460 cm-1 and the peak at 877 cm-1 are associated  to carbonate (CO3

2-) in 
substitution of orthophosphate in HAp structure, it comes from the atmospheric carbon 
dioxide absorved during the synthesis and generates the carbonated hydroxyapatite type B 
(CHAp) [26, 27]. Carbonate incorporation in HAp structure is not easy to be detected by 
XRD, however the calcium oxide observed in CaP diffraction pattern (Fig. 1a) probably came 
from CHAp decomposition during the thermal treatment [28]. The FTIR spectrum of CaP-Ho 
(Fig. 2b) exhibited HAp absorption peaks of orthophosphate at 1045 and 1090 cm-1 and small 
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hydroxyl peaks at 631 and 3572 cm-1. These less intense hydroxyl peaks might be due the 
decrease in crystallinity or even another phase like β-TCP, previously detected by XRD (Fig. 
1b) [26, 29]. The shift of ortophosphate peaks at 569 and 602 cm-1 to 557 and 604 cm-1 is 
consistent with β-TCP existence. A small peak from pyrophosphate at 727 cm-1 suggests 
discrete quantities of calcium pyrophosphate. Orthophosphate characteristics vibrations 
assigned to holmium phosphate were not detected [30]. In both CaP and CaP-Ho the infrared 
spectrum evidenced HAp as major component corroborating to XRD measurements, but 
indicated the calcium pyrophosphate presence that was not detected by XRD, and possibly in 
small concentrations was hidden by more numerous phases. 
 
 
 

 
 

Figure 2. Infrared spectrum (FTIR) of (a) CaP and (b) CaP-Ho. 

 
 
 
After CaP-Ho irradiation, specific activity measured was 12,61 MBq/mg, however this value 
can be modified with time irradiation and neutron flux (variable with position on reactor). 
The gamma spectrum obtained from radioactive CaP-Ho (Fig. 3) was useful to evaluate its 
radiochemical purity. As expected, the gamma spectrometry analysis demonstrates that the 
highest activity in CaP-Ho is due to 166Ho radionuclide. The peaks correspond to the energies 
of gamma radiation emitted by 166Ho and K-edge X-rays of 166Er, stable product of 166Ho. 
Other expected radionuclides, such as 41Ca, 45Ca, 47Ca, 49Ca and 32P have short half-lifes or 
their precursor nuclides have low neutron capture cross section. 
 
Calcium and holmium concentrations, measured by k0-INAA, were summarized in Table 1. 
Phosphorus and oxygen concentrations are not detected due to limitations of the technique. 
Calcium mass concentration of CaP is 38%, similar to HAp that is 39,9%. Holmium mass 
concentration in CaP-Ho is 13,7%, and a smaller calcium concentration of 29% is consistent 
with holmium insertion, a heavier atom. 
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Figure 3. Gamma spectrum of activated CaP-Ho  

(a) in low energy and (b) in high energy. 

 
 
 

Table 1. Elemental concentration by employing k0-INAA. 
 

Elemental mass concentration CaP CaP-Ho 
Calcium 38%  (± 1) 29%  (± 1) 
Holmium - 13,7%  (± 0,5) 
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SEM micrographs revealed the morphologic aspect of the powders. In CaP (Fig. 4a), it is 
possible to visualize the needle-like nanoparticles of hydroxyapatite, while in CaP-Ho (Fig. 
5a) the particles densification are more evident due to calcination process at 700°C. In both 
bioceramics (Fig. 4b and 5b) the grains have irregular sizes and shapes due to milling 
process. 
 
 

 

 
 

Figure 4. SEM micrographs of CaP (a) 25000X and (b) 5000X. 
 

 
 

Figure 5. SEM micrographs of CaP-Ho (a) 25000X and (b) 5000X. 
 
 
 
 
 
 
 
 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

4. CONCLUSIONS  
 
In this work, it was synthesized calcium phosphate incorporated holmium, a promising 
bioceramic for spine tumors treatments. Results showed a multiphasic bioceramic composed 
mainly of hydroxyapatite, β-tricalcium phosphate, holmium phosphate and traces of calcium 
pyrophosphate. Moreover, the nuclide of interest 166Ho was the major radioactive specimen 
produced. However, its bioactivity as well as its efficacy on spine tumors therapy must be 
investigated in clinical trials. 
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