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Abstract: Materials science has contributed to developing new nano-biomaterials for specific 

applications in several areas. The present work aims to characterize the physicochemical properties 

of a composite nanobiomaterial in the form of blocks for application in bone regeneration. The 

scaffold had block shapes and was a mixture of nano-hydroxyapatite, β-Tricalcium phosphate, and 

type I collagen of bovine origin. The biomaterial was characterized by scanning electron microscopy 

(SEM), Transmission Electron Microscopy (TEM), microanalysis, and X-ray diffractometry (XRD). In 

the SEM and TEM analyses, it was possible to identify the layers of the materials and, with 

microanalysis, quantify the chemical composition. The XRD spectra showed the presence of nano-

hydroxyapatite and nano-ß-TCP. The results showed that the composite does not contain 

contamination from manufacturing procedures. It can be concluded that the n-HA/β-TCP and type 

1 collagen composite is free of manufacturing contaminants and can be suited for clinical testing.  
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Introduction  

Mixtures of nano-hydroxyapatite with collagen fibers are used to design materials for bone 

regeneration procedures [1]. The biocompatibilities of collagen fiber and nano-hydroxyapatite 

promote ideal conditions to create an efficient biomaterial for bone formation process [2]. 

The physicochemical characteristics of nano-hydroxyapatite (n-HA) prove to be extremely 

efficient in the bone remodeling process. When compared to micro-hydroxyapatite, the percentage 

of newly formed matrix and blood vessel proliferation are statistically higher for the n-HA groups, 

[3]. 

Type 1 collagen from bovine or other sources, such as porcine pericardium, is widely used as a 

hemostatic barrier or protective barrier in cases of guided bone regeneration. However, its association 

with materials that serve as pillar for bone remodeling surgery, such as hydroxyapatite and nano-

hydroxyapatite, is being widely developed because the combination of both promotes material 

stability at the time of surgery and post-surgery [4]. 

Transmission electron microscopy (TEM) is an excellent tool for determining the collagen 

bundles present in materials used in guided bone regeneration. Collagen fibrils are very characteristic 

and the more organized they are, the more organic the sample will be and the better its 

biocompatibility [5]. 
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Characterization methods, such as scanning electron microscopy (SEM), are necessary to 

develop new biomaterials. These methods provide high-resolution images to identify the 

biomaterials in the samples [6]. 

Semiquantitative chemical analysis using a microprobe coupled to the SEM helps determine the 

semiquantitative percentages of the chemical elements present in the sample analysis. This technique 

is suited to identify the possible contaminants from manufacturing procedures that potentially can 

spoil the material's performance [7]. 

X-ray diffraction can identify the crystalline phases and chemical elements present in the 

material. The Rietveld technique quantifies each phase and calculates the chemical percentages of the 

material [8]. 

Currently, in the science of biomaterials, the diversity of technical analyses to make it easier and 

improve the development of biomaterials accelerates the emergence of new potential products. 

Combining several materials to form a single product becomes a very interesting strategy to improve 

the final product in several areas, including bone formation [9]. 

The objective of the present work was to characterize the morphology, identify the crystalline 

phases, and determine the chemical composition of a composite obtained by combining of nano-

hydroxyapatite/β-Tricalcium phosphate and type 1 collagen for use as a biomaterial. 

Materials and Methods 

The analyzed material, named Blue Bone Block®, was synthetized by an inorganic reaction of 

two different salts, calcium nitrate and dibasic ammonium phosphate in a very controlled condition 

keeping the perfect mass balance and the necessary stoichiometry of the reaction, 10:6 

Calcium/Phosphorus. The alloplastic biomaterial mixture was synthesized and named Blue Bone® 

at the facilities of Regener Biomaterials Co (Curitiba, Brazil). The biomaterial had nanometric 

particles of hydroxyapatite and ß-TCP morphologies. 

The collagen type 1 were prepared at Regener® Biomaterials facilities by performing 3 simple 

steps: cleaning the raw material using two chemical baths, sodium hydroxide and acetone for fat 

removal; extracting the type 1 collagen using acetic acid from the cleaned bovine tendons; and 

purifying the extracted material by lyophilization process. The collagen type 1 had an expected 

reabsorption time of up to 30 days. 

The chemical composition of the composite was determined using semi-quantitative chemical 

analysis with a microprobe coupled to the SEM and TEM. 

Scanning Electron Microscopy and Transmission Electron Microscopy 

Gold-coated collagen type 1 surfaces were analyzed using a Field Emission GUN Quanta 250 

FEG (FEI Company, Oregon, USA). A 5000 magnification was used to investigate the homogeneity, 

a 15,000 magnification to observe cell clusters, and a 20,000 magnification to identify specific cell 

types. For the SEM analysis, the fixation procedure started with osmium tetroxide and potassium 

ferrocyanide (1.0 wt%, 0.8 wt%, respectively) with a cacodylate buffer (0.1 M, pH 7.4) incubation for 

1 h in the dark, followed by three sodium cacodylate buffer rinses in distilled water (0.2 M, pH 7.4) 

for 1 h. This was followed by sequential ethanol grades (25–100 vol%) rinse for specimen dehydration. 

The slices were immersed in hexamethyl disilazane for 10 min before placing in an evaporation 

chamber for drying. Specimen mount on aluminum stubs was achieved using colloidal silver 

adhesive (Electron Microscopy Sciences, Peabody, MA, USA). The specimens were coated with gold 

film by sputtering (Cool Sputter Coater—SCD 005, Bal-Tec, Berlin, Germany). 

The results of SEM analysis were complemented with roughness measurements using a Zygo 

NewView 7100 optical roughness meter (Zygo Corporation, Connecticut, United States). The 

implants' roughness parameters Ra, Rsk, Rms, Rku, PV, Rpk, Rk, and R3z were obtained. The 

analyzed regions presented homogeneous roughness with similar values for all regions. 

Thin collagenous type 1 sections were analyzed using a JEOL JEM-1011 transmission electron 

microscope (JEOL, Ltd., Akishima, Tokyo, Japan), operatin at 60 kV. Digital micrographs were 
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captured using an ORIUS CCD digital camera (Gatan, Inc., Pleasanton, CA, USA) at 8000×, 10,000× 

and 25,000× magnification. 

The preparation of the samples for TEM analysis was the following: fixation in 2.5 wt% 

glutaraldehyde diluted in 0.1 M cacodylate buffer solution (overnight). Washing in 3 baths in 

cacodylate buffer solution (0.1 M), for 15 min each bath. Dehydration in 30 vol% acetone bath (15 

min), 50 vol% acetone, 70 vol% acetone (15 min), 90 vol% acetone (15 min), 100 vol% acetone (15 min), 

and 100 vol% acetone (15 min) Infiltration in acetone + epon mixture (2:1) for 2 h; acetone + epon (1:1) 

for 2 h; acetone + epon mixture (1:2) for 2 h, infiltration in pure Epon (overnight) Inclusion in Epon 

and polymerization between 48 and 72 h at 60 °C. Plate cuts with a thickness of 1 micrometer and 

staining with toluidine blue. Cutting with ultramicrotome to obtain 70 nm slides, which were 

collected on 300 mesh copper grids. Contrasting of the slides with uranyl acetate (for 20–30 min); and 

TEM observation. 

The X-Ray Diffraction (XRD) 

The biomaterial was characterized by X-ray diffraction (XRD), porosimetry, and pycnometer 

tests. The morphology of the samples was characterized using a scanning electron microscopy (SEM) 

Field Emission Gun (Quanta FEG 250; Hillsboro, Oregon 97124 - USA). 

The X-ray diffraction (XRD) was performed using a Panalytical (Almelo, Netherlands) 

Empyrean diffractometer, with Cu-Kα radiation, 2θ range of 20–80°, a step width of 0.02°, and an 

exposure time of 5 s. 

The diffraction peaks were identified by comparing them with standard ICDD (International 

Centre for Diffraction Data) diffraction files and COD-Jan2012 (Crystallography Open Database) 

PDF2-2004 databases. The Rietveld method was employed to quantify the phases and analyze the 

crystal structures.  

Rietveld analysis of XRD data was used to identify and quantify the percentages of the phases. 

The X-ray diffractograms were recorded on a Siemens diffractor (Bruker AXS; Durham—UK), model 

D-5000 (θ-θ), equipped with a graphite curved monochromator, secondary beam and Cu tube. The 

quantitative analysis of the phases was determined by the mathematical refinement method 

proposed by Rietveld. 

The Rietveld Method involves adjusting the theoretical diffraction peaks calculated from 

crystallographic information to the experimentally measured diffraction pattern. The criterion for 

this adjustment is to minimize the sum of the squares of the differences. 

Results  

The SEM photomicrographs showed different gray shades material bordered by a light clear 

region. Different regions were aleatory selected for higher magnification and semiquantitative 

chemical analysis. (Figures 1–3)   

 

Figure 1. - Micrograph of the sample indicating the regions of chemical analysis in the square boxes 

(A), and the collagen type I membrane associated with nano-hydroxyapatite/β-tricalcium phosphate. 

The round particle is a nano-hydroxyapatite/β-tricalcium phosphate (B). 
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The collagen fibrils can be identified as bundles of different thickness and diverse directions 

(Figure 2a to 2f) 

 

Figure 2. a to 2f - Photomicrographs detailing the points where the semiquantitative chemical 

analyses were carried out. Figure a (50x); Figures b, c (220x) and Figures d, e, f (1000x) magnification. 

The SEM analyzed images showed sheets and plates of collagen in diverse plans of orientations 

and a highly angulous and porous surfaces of the calcium phosphate granules (Figure 3a, 3b)  

 

Figure 3. – The SEM photomicrographs of the surface morphology of the analyzed biomaterial. (a) 

Image obtained with secondary electrons (b) image obtained with backscattered electrons. The area 

of collagen fibers stands out in the red circle, and the calcium phosphate granule is highlighted in the 

yellow circle. Figure A (99x) and Figure B (100x) magnification. 
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Transmission Electron Microscopy (TEM) 

Transmission electron microscopy showed the type 1 collagen fibers, which are organically 

arranged in straight bundles. It was also possible to see that there was no external agent in the type 

1 collagen, indicating the purity of the sample. (Figure 4A, 4B) 

 
 

Figure 4. The TEM photomicrograph showed a well-organized type 1 collagen bundles (A) (800x 

magnification), that is characteristic of this model of bovine type 1 collagen fibrillar pattern (B) (12000x 

magnification). 

Microanalysis of Calcium Phosphate  

In the microanalysis of the sample containing calcium phosphate, it was possible to identify the 

chemical elements forming the n-HA/β-TCP and type 1 collagen composite. (Figure 5a to 5e) 

 

Figure 5. a to 5e - Spectrum of calcium phosphate microanalysis with magnification. Regions analyzed 

with 1000x magnification. 
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The chemical percentages of type 1 collagen fibers were recorded, and no impurities were 

identified. The Figure 6 shows images of the mapping of carbon, nitrogen, and oxygen distribution 

on the samples' surfaces. 

 

Figure 6. - Mapping of the distribution of chemical elements on the surface of one of the analyzed 

samples. (a) Mapped area, (b) Carbon (C), (c) Oxygen (O), and (d) Nitrogen (N). 

Roughness 

Figure 7 shows the image collagenous type 1 surface morphology obtained by interferometry 

during roughness measurements. The surface was homogeneous. The roughness surface Ra 12.9 µm, 

Rms 13.1 µm, and Rku 1.1 µm. 

  

Figure 7. - collagenous type 1 surface morphology. Images obtained by interferometry. 

The X-Ray Diffraction (XRD) 

Figure 8 shows the diffraction spectra and peaks of the crystalline phases. The peaks of the 

diffractograms were identified based on information from the database using the Diffrac software. 

EVE. V4.22. 
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(A) (B) 

Figure 8. In the diffractogram of the sample (A) the peaks of the phases characterize only nano-

hydroxyapatite while in the diffractogram (B) the peaks of the phases characterize nano-

hydroxyapatite (in red) and nano-ß-TCP (in blue). 

Discussion  

The herein morphological and chemical biomaterial analysis indicates that nano-

hydroxyapatite/β-Tricalcium phosphate (n-HA/β-TCP) and type 1 collagen composite is perfectly 

suitable for further in vivo testing.  

The development of new graft biomaterials is an excellent alternative to improve the 

performance of the regenerative properties for patient treatments and adding other types of 

components to hydroxyapatite has been proven to do so.  

Literature data showed that adding chitosan to nano-hydroxyapatite improved osteogenesis and 

reduced bacterial adhesion [10].  

The collagen molecule contributes to key aspects of bone regeneration, such as: cell migration, 

attachment, migration, cell division and differentiation. Therefore, collagen participates in 

osteinduction and osteoconduction in bone healing. In addition, collagen is the main scaffold that 

sustain mineralization in human body, notably in intrafibrillar mineralization pattern [11,12].  

Previous work showed that the mixture of hydroxyapatite with collagen had characteristics such 

as microstructure, absorption kinetics, and mechanical properties suitable as bone substitutes [11]. 

The results of the present work corroborate those cited in the literature [13–18]. Figure 3 shows the 

interaction between calcium phosphate and collagen. 

A study using rabbits confirmed through several tests, including microanalysis, that the calcium 

concentration in the material can form different types of hydroxyapatites [19]. In the tests carried out 

in the present work, it was possible to verify that the percentages of calcium and other chemical 

elements were similar to those of hydroxyapatite. Figure 3b shows n-HA granules. 

The identification of material phases is mainly determined by XRD testing [20–22]. Data from 

the literature showed that the percentage of nano-hydroxyapatite was similar to that of dentin. The 

nano-hydroxyapatite induced more collagen cross-links, increased the rate of organic matrix, and 

promoted better mineralization [23]. 

The association of nano-hydroxyapatite with collagen was analyzed in tests, and the results were 

compared with materials containing only hydroxyapatite. The results showed that the structure and 

performance can be improved by mixing appropriate percentages of collagen and hydroxyapatite 

[24].  

In fact, when nano-hydroxiapatite is mixed with n-HA, the cell viability, cell integration and 

differentiation processes were improved [25]. 

Moreover, it was demonstrated that n-HA and collagen scaffolds acted synergistically in 

osteoconduction process and that bone morphogenetic protein-7 (BMP7) and (BMP2) participated in 

the process [26]. 

The results obtained in the present work extended the previous works. It should be noted that 

the percentages of nano-hydroxyapatite and collagen influence the biomaterial's performance in bone 

repair. 
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Conclusion  

Based on the results obtained in the present work, it can be concluded that the analyzed nano-

biomaterial composed of nano-hydroxyapatite/β-Tricalcium phosphate (n-HA/β-TCP) and type 1 

collagen composite does not contain manufacturing processing impurities and is suitable for in vivo 

assays. 
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