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Abstract: The synthesis of calcium phosphates of biological interest has been one of the strategies 

studied in the field of tissue regeneration due to its similarity to the inorganic components of bone. One 

of the aspects studied has been the process of dissolution of calcium phosphates in water and 

physiological serum, with the aim of being able to know everything related to the behavior of these 

materials during the bone regeneration process. The objective of this work was to evaluate the behavior 

in the water of a biomaterial composed of a three-phase mixture of calcium phosphate for use in tissue 

regeneration. Three phases of calcium phosphate were synthesized. A biomaterial with a mixture of 

these phases was elaborated and placed in water at 37ºC. The amount of calcium and phosphorus 

released was determined over time. The treated samples were evaluated by X-ray diffractometry and 

infrared spectrometry. The results of this study demonstrated that for calcium, the release overtime was 

not significant due to the reaction of these ions in solution with phosphate ions and the subsequent 

precipitation in the studied material. While for phosphorus, the release over time was significant. The 

results corroborate that the use of a triphasic mixture of calcium phosphates allows us to produce a 

biomaterial suitable for use as a material in tissue regeneration.  
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1. Introduction 

Bone is a structure formed by an inorganic part that contains calcium phosphates, 

mainly in the form of hydroxyapatite and an organic phase composed of collagen, proteins, and 

amino acids [1]. The bone tissue is metabolically active, consisting of an extracellular matrix 

and osteoclast cells, osteoblast, and osteocytes. These cells are in charge of maintaining and 

regenerating bone, providing it with the necessary strength and toughness [1, 2]. However, 

despite the properties of bone to regenerate without scar formation, this process depends on the 

type and magnitude of the defect, which leads to the search for new strategies that allow 

improving and increasing the capacity for regeneration. 

The synthesis of calcium phosphates of biological interest, such as amorphous calcium 

phosphate (ACP), calcium triphosphate (TCP), octacalcium phosphate (OCP) and 

hydroxyapatite (HA) has been one of the strategies that in recent years has been studied within 

the field of tissue regeneration, especially bone regeneration. These phosphates have a 
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biological and medical interest due to their biocompatibility, bioactivity, resorbability, and 

chemical structure that makes them similar to the inorganic components of bone, making it a 

suitable material to be used in bone regeneration processes [1, 3-7]. 

One of the aspects studied has been the process of dissolution of calcium phosphates of 

biological interest in water and physiological serum, with the aim of being able to know 

everything related to the behavior of these materials during the bone regeneration process. 

Factors such as the synthesis method, the content of different phases in the material, the density, 

the ionic substitutions in the apatite lattice, and the microstructure of the material, make the 

dissolution behavior vary widely in calcium phosphates [8-11]. 

The objective of this work was to evaluate the behavior in the water of a biomaterial 

composed of a three-phase mixture of calcium phosphate for use in tissue regeneration. 

2. Materials and Methods 

2.1. Synthesis of calcium phosphate and preparation of tablets. 

Amorphous calcium phosphate (ACP), tricalcium phosphate (TCP), and octacalcium 

phosphate (OCP) were synthesized according to Debone Piazza et al. [3]. Tablets (300 mg by 

weight) with the mixture of the three phosphate phases previously synthesized (100 mg in each 

phase) were prepared, according to Rodriguez Chanfrau [7]. 

2.2. Release study. 

Pre-weighed tablets (initial weight) were placed in a 10 mL capacity beaker. 5 mL of 

distilled water was added and placed in an air recirculation oven at 37 ° C. Times of 12, 24, 48, 

and 72 hours were evaluated. At the end of each time, the samples were removed from the 

beaker and placed on filter paper to remove drops of water left on the surface. The tablets were 

weighed (wet weight), and the amount of water absorbed was determined. Subsequently, each 

dried tablet was crushed, and the powder obtained used in the different analyzes and 

characterizations. In parallel, tablets were used as control (zero time). The experiments were 

performed in triplicates. 

2.3. Determination of calcium concentration.  

Calcium was determined by atomic absorption spectroscopy with a Spectr AA-50 

spectrophotometer (VARIAN, USA) using an acetylene flame in the air and the 422.7 nm 

wavelength line according to Garcia Pellizaro et al. [5]. 

2.4. Determination of phosphorus concentration. 

The percentage of phosphorus is determined by spectrophotometric measurement of the 

blue color of the phosphomolybdic complex that is formed by treating the samples with the 

molybdate-tartrate mixture, according to PNO procedure 01.047 of the Biomaterials Center, 

Havana, Cuba. With the values of calcium and phosphors, the Ca / P ratio was determined. 

2.5. X-ray powder diffraction studies.  

The XRD spectra were recorded at room temperature (25 ºC) with a SIEMENS 5000, 

DIFFRAC PLUS XRD diffractometer (Germany) with BRAGG-Brentano geometry, Cu Kα 

radiation (λ=0.154 nm), Flicker detector and graphite monochromator. A scattering angle range 
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from 4º to 80º with a 2θ step interval of 0.02º was used. The samples were placed in the glass 

sample holder, analyzed under plateau conditions. An operating voltage of 40 kV and a current 

of 30 mA was utilized, and the intensities were measured in the range of 5° < 2θ < 30°. Peak 

separations were carried out using Gaussian deconvolution. The d-spacings were calculated 

using the Bragg equation. Crystallographic search match software was used to identify the 

crystal structure of samples. 

The crystallinity index for each of the samples was calculated according to the method 

defined by Person et al. [13]. For this semi-quantitative analysis method, the reflections (2 0 

2), (3 0 0), (2 1 1) and (1 1 2), appearing between the 2ϴ values of 30° and 35°, were used. 

2.6. FTIR spectroscopy.  

FTIR spectra of the samples were measured on an FTIR-VERTEX 70/BRUKER 

spectrometer (Germany). Transmission mode was used with 64 cumulative scans and a 

resolution of 4 cm-1, in the frequency range of 4000 to 400 cm-1.  

2.7. Statistical evaluation. 

Statistical evaluation was performed using a one-way ANOVA. The different times 

were taken as factors, and as variable responses were the percentage of calcium and 

phosphorus, as well as the Ca / P ratio. Previously it was verifying the assumptions that 

guarantee a correct interpretation of the design by evaluating normality (Shapiro Wills test), 

homoscedasticity (Levene's test), and independence through the scatter plot. In all cases, the 

significance of α = 5% was used. All data were processed using the statistical software InfoStat 

(2017 version). 

3. Results and Discussion 

Ca/P molar ratio of each of the calcium phosphate phases used for the preparation of 

the tablets was 1.49, 1.51, and 1.31 for ACP, TCP, and OCP, respectively. These results 

coincide with the range of values reported by other authors for each phase of calcium phosphate 

studied in this work [14-21].  Tablets with a diameter of 13.0 ± 0.1 mm, a height of 2.5 ± 0.2 

mm, and a weight of 257.7 ± 0.015 mg were obtained.  

Table 1 shows the remaining content of calcium and phosphorus in the tablets after 

treatment over time, as well as the Ca/P ratio for each of the times studied. Meanwhile, Table 

2 shows the percentage of calcium and phosphorus released over time. 

The results showed that in the time studied, only 1.5% calcium is released. However, 

in the case of the phosphorus release study, it was observed that at 72 hours, about 26.2% had 

been released (Table 2). The statistical analysis showed that the data evaluated complies with 

the parameters of normality (p = 0.5618 and p = 0.2729 for calcium and phosphorus, 

respectively) and homoscedasticity (p = 0.3810 and p = 0.1220 for calcium and phosphorus, 

respectively). The results of the analysis by means of the scatter plot showed that for both cases, 

the data presented independence. Based on these results, a parametric ANOVA was applied, 

verifying that in the case of the calcium analysis there were no significant differences between 

the data over time (p = 0.9911), while, in the case of the phosphorus, a significant difference 

in time was observed (p = 0.0001). 
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Table 1. Content of calcium and phosphorus in the tablets after treatment over time and Ca/P ration 

(Media/SD). 

Time (h) Weigth Tablet (g) Ca (mg) P (mg) Ca/P ration 

0 0.2324/0.009 61.9/1.9 59.9/2.0 1.03 

12 0.2305/0.002 61.7/1.4 56.6/2.6 1.09 

24 0.2291/0.003 61.8/2.2 53.7/0.6 1.15 

48 0.2166/0.001 61.1/1.5 49.7/0.7 1.23 

72 0.2456/0.007 61.0/1.4 44.2/2.4 1.38 

Table 2. Percentage of calcium and phosphorus released over time. 

Time (h) Ca (mg) % P (mg) % 

0 0 0 0 0 

12 0.2 0.3 3.3 5.5 

24 0.1 0.2 6,2 10.4 

48 0.8 1.3 10.2 17.0 

72 0.9 1.5 15.7 26.2 

In this study, a biomaterial consisting of a three-phase mixture of calcium phosphates 

(ACP, OCP, and TCP/HA) was used. One of the most important properties of calcium 

phosphates is the possibility of predicting their possible behavior in vivo and their solubility in 

water, demonstrating that at physiological pH, the solubility varies depending on their chemical 

structure and the Ca / P ratio. A higher value of the Ca / P ratio implies a lower solubility. Of 

the phosphates of biological interest, HA is the most insoluble phase. [20]. Therefore, following 

this reasoning, it could be predicted that in the case of the biomaterial studied, the solubility in 

water could be OCP greater than ACP, greater than TCP/HA. 

Studies reported in the literature showed that during the calcium phosphate dissolution 

process, a precipitation mechanism competes in parallel. A placed the calcium phosphates in 

water, phosphate ions dissolve more readily than calcium ions. In this process, the calcium ions 

react with the HPO4
-2 ions, forming calcium phosphate, which precipitates on the surface of 

the material. This mechanism is simultaneously favored by the presence of HA in the sample 

[11, 22-23]. Both processes occur in parallel, being favored by the exposure time, temperature, 

and agitation of the medium. The results obtained in this work show that over time the release 

of phosphorus over time increases significantly, while the calcium concentration is not 

significant, which could be caused by the possible precipitation mechanism and the low 

concentration of this ion in the samples. 

An increase in time is observed in the case of the Ca/P ratio (Table 1). The statistical 

analysis showed that the data complies with the normality (p = 0.5339) and homoscedasticity 

(p = 0.3460); as well as with the independence, so it was evaluated by means of a parametric 

ANOVA. The results showed that there were significant differences over time (p = 0.0101). 

A possible explanation may be given to the dissolution process itself, where a quantity 

of phosphate ions is released into the medium. On the other hand, it is known that the OCP 

phase and the ACP phase are HA precursors. The OCP phase is transformed into more stable 

HA by means of a hydrolysis process that occurs at a pH between 6.2 and 7.4, and a temperature 

that ranges between 25ºC and 37ºC. Higher temperatures or pH facilitate the formation of 

biological apatites. This process is apparently controlled by transportation and nucleation 

mechanisms, and they influence the Ca / P ratio and the degree of saturation. While in the case 

of the ACP phase, its conversion to HA can be done directly or its conversion to an intermediate 

phase OCP and calcium deficient HA. In both cases, neutral or alkaline pHs favor the process 

and act on the Ca / P ratio [11, 20].  
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Table 3 shows the results of water absorption and weight percentage over time. An 

increase in the weight of the tablets of approximately 51%, due to the absorption of water, was 

observed. 

Table 3. Water absorption over time (mean / SD). 

  

 

 

 

Figure 1 shows the X-ray diffractograms of the tablets treated at different times. No 

major changes were observed in the diffractograms, except that the intensity of the signals 

between 25º and 40º 2θ increase over time. This area corresponds mainly to the presence of 

HA, ACP, and CaO (Figure 2). Specifically, an increase in the time of the peak to 26.4º 2θ, 

which corresponds to the presence of calcium-deficient HA, and the peak to 35 º 2θ, that 

corresponds to the presence of CaO, were observed. On the other hand, signals between 10º 

and 15º 2θ tend to decrease slightly over time. 

 
Figure 1. X-ray diffractograms of the tablets treated at different times. 

 
Figure 2. X-ray diffractograms of the tablets treated at different times (range between 25º and 40º 2θ). 

Time (h) Water absorption (mg) % in weigh 

0 0 0 

12 89.0/5.4 33.7 

24 95.3/6.3 35.8 

48 122.9/4.5 48.8 

72 145.2/8.4 51.6 
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The determination of the crystallinity index according to the methodology proposed by 

Parsoon showed that no appreciable variations of this index occurred over time (1.11; 1.10; 

1.12 and 1.11 for time zero, 24, 48, and 72 hours, respectively). 

Figure 3 shows the FTIR spectra of the samples treated at different times. Typical bands 

of the presence of phosphates in the samples are observed in all cases (1207 cm-1, 1186 cm-1, 

1136 cm-1,1064 cm-1, and 1068 cm-1). No appreciable changes were observed in the spectra of 

the samples over time, except in the band at 725 cm-1, which suffered a slight increase over 

time. This band corresponds to the presence of carbonate in the sample. 

 
Figure 3. FTIR spectra of the samples treated at different times. 

It has been reported in the literature that during the bone regeneration process, HA binds 

to bone through a layer of apatite that develops on the surface of the material. This layer is 

formed from the precipitation of calcium phosphate formed during the solubility process of the 

material in the medium. The apatite layer that forms on the HA surface is generally calcium 

deficient, with a Ca / P ratio ranging from 1.25 to 1.66. It also shows that the formation of 

carbonates in the material. [11]. This study shows that calcium-deficient HA formation and the 

presence of carbonate occurred during the process of exposing the biomaterial in water. 

4. Conclusions 

 The results of this study demonstrated the release of phosphate ions is significant over 

time, while the release of calcium ions overtime was not significant. This is our opinion, was 

motivated by the fact that during the process, the released calcium ions react phosphate ions 

with the consequent formation of apatite and subsequent precipitation on the studied material. 

The results suggest that during the study, the OCP and ACP phases undergo a hydrolysis 

process with the consequent formation of calcium-deficient hydroxyapatite and the formation 

of calcium carbonate. Furthermore, it is verified that over time the Ca/P ratio increases 

significantly due to the structural variations that the material undergoes. 

The results corroborate that the use of a triphasic mixture of calcium phosphates allows 

us to produce a biomaterial suitable for use as a material in tissue regeneration. 
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