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Abstract 
 

 
Aim: The physicochemical properties of dental graft materials are very 
important because they strongly influence the bone regeneration 
capabilities of biomaterials. The purpose of this study is to investigate 
the chemical composition and surface energies of white (WPTG) and black 
porous titanium granules (PTG), bovine bone graft, and equine-derived 
bone graft through energy dispersive X-ray spectrometry (EDX) analysis of 
the comparison. 
Methodology: The surface chemical compositions of PTG, WPTG, 
bovine bone graft and equine-derived bone graft were measured by EDX 
analysis. All graft materials’ morphologic characteristics, such as particle 
and granule dimension were evaluated with Scanning Electron Microscopy 
(SEM). The EDX measurement of samples was evaluated at between x85 
to x50000 magnification. 
Results: PTG grafts showed elements of sodium (%8.88±9.98), chlor 
(2.44±1.96) and aluminum (0.99±0.37) as well as titanium (90.06±11.34) 
molecule at x5000 magnification. In WPTG, titanium (%34.55±6.41) and 
oxygen (%65.44±6.42) molecules were detected. EDX analyses have 
detected the presence of sodium, calcium, and phosphorus in the equine-
derived and bovine bone graft. 
Conclusion: It has been found that the PTG surface was not made of 
pure titanium, it has different chemical molecules at larger 
magnifications and xenografts exhibited different organic material 
content. Cell culture and experimental studies are needed to establish a 
relationship between the different commercial dental grafts and their 
regenerative properties. 
 

Keywords: Energy dispersive X-ray technique, surface composition, 
scanning electron microscopy, bone substitute 
 

Introduction 
 
Bone substitutes have the potential for 

regeneration as long as there is sufficient space for 
bone formation. In regenerative periodontal and 
intraoral surgery, different bone grafts are used for the 

reconstruction of periodontal defects and the 
treatment of peri-implantitis, socket preservation, 
odontogenic cysts, and sinus lifting, as well as in bone 
augmentation techniques for horizontal and vertical 
alveolar ridge deficiency (1, 2). Bone grafts can be 
classified as allogeneic, xenogenic, or alloplastic. In 
addition, bone grafts may have osteoinductive or 
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osteoconductive properties that increase bone cell 
production or preserve the bone defect cavity (3, 4). 

It is thought that the physicochemical properties 
of biomaterials, such as the surface chemistry and 
particle morphology, may affect the macrophages in 
the adhesion, apoptosis, fusion, and cytokine 
production of target cells (5) and are among the most 
important factors affecting in vivo biomaterial 
performance (6, 7). Thus, accurately evaluating the 
clinical results requires knowing the characteristics of 
a bone substitute. 

When selecting the ideal bone graft, the tissue 
biocompatibility, defect size, manipulation of the 

graft, price, biological properties, and risks of the 
complication must be considered. Each graft will have 
different advantages and disadvantages. For example, 
autogenous bone graft ultrastructurally shows a 
trabecular structure with serious osteoinductive 
potential, as well as a pore size of 1 mm and porosity 
of 90% (4, 8). The chemical composition, morphology, 
and microstructural properties of bone grafts are also 
important to the development and growth of scaffold-
based bone tissue. In particular, the size of the pores 
is important for bone healing and cell migration (9). 

By avoiding the main deficiencies of allografts and 
xenografts, more durable biomaterials can be produced 
(10). In the recent past, many calcium-to-phosphate 
(Ca/P) ratios have changed, and many calcium 
phosphate-based materials (e.g., hydroxyapatite, 
calcium tetraphosphate, and tricalcium phosphate) 
have been used in the manufacture of porous scaffolds 
(11). It has been shown that biomaterials with a low 
Ca/P ratio are absorbed faster and cannot support 
tissue mechanically and cellularly (11,12). For this 
reason, the Ca/P ratio must be controlled to create 
stronger biomaterials(12). 

Allografts have several disadvantages, such as 
their reduced mechanical strength in the sterilization 
stages, risk of infection, and limited availability. In 
general, xenogenic bone materials can be bovine-, 
porcine-, or equine-derived and are used often because 
they are widely available and chemically and 
biologically similar to human bone (13). 

Porous titanium granules (PTG) are obtained from 
Grade 4 pure titanium that is manufactured in two 
forms: black porous titanium granules (PTG) and 
oxidized white porous titanium granules (WPTG). PTG 
granules consist of irregularly shaped and highly porous 
granules with a diameter of 0.7–1.0 mm (14). PTG has 
been used in dentistry for sinus lifting, furcation 
defects, and regenerative treatments of peri-
implantitis (15–18). In one study where the physical and 
cytotoxic properties of PTG were compared with bovine 
bone grafts and alloplastic materials, it was found that 
the mechanical strength properties of PTG were 
greater than in the other bone substitutes (19). In 
another study where the crystallinity and oxide layer 
thickness of surface-grafted TiO2-particles were 
changed to match the surface of PTG using the 
anodization method, it was reported that the 
bioactivity of the oxidized PTG developed (20). 

To the best of the researchers’ knowledge, no 
prior study has compared the surface chemical 
composition of PTG, WPTG, and different types of 
xenografts. The aim of this study is to compare the 
chemical components of PTG with xenografts obtained 
from different sources using the scanning electron 
microscope (SEM) and energy dispersive X-ray 
spectrometry (EDX) technique. 

 
Materials and Methods 

 
There is no need for an ethical committee since 

the physicochemical properties of synthetic 
biomaterials are used in this study. 

This study analyzed the physical and chemical 
structures of bone grafts derived from three different 
sources: bovine-bone xenografts, equine-bone grafts, 
and black and white porous titanium granules. Large 
granule xenografts were included in the study for their 
compatibility with the PTG graft. The properties of the 
graft materials are described below: 

Porous Titanium Granules (PTG) (Natix, Tigran 
Technologies AB, Malmö, Sweden) are composed of 
pure titanium. PTG has been shown to be more flexible 
than xenografts. The percent porosity of the granules 
is 55.8%, while the porosity is 24.6 μm. The granule is 
about 0.7–1 mm in size (21). 

White Porous Titanium Granules (WPTG) (Natix, 
Tigran Technologies AB, Malmö, Sweden), which are 
synthetic bone graft materials, are derived from the 
heat treatment and oxidation of black PTG (21). 

Apatos (OsteoBiol, Roen Dental Products, 
Pianezza, Italy) is a biocompatible, osteoconductive 
biomaterial of equine origin having properties similar 
to mineralized human bone. The natural microporous 
consistency of Apatos accelerates the process by 
facilitating the formation of new bone tissue in the 
bone defect area. Apatos nanocrystalline 
hydroxyapatite is a mixture of cortical and cancellous 
bone granules. An equine-derived bone graft granule is 
about 1000–2000 μm in diameter (22). 

Bio-Oss (Geistlich Pharma AG, Wolhusen, 
Switzerland) xenogenic spongiosa granules are natural 
bone minerals derived from bovine bones. The granules 
are non-organic, formed by a special extraction 
process, and treated with strong alkali and organic 
solvents at temperatures of up to 300°C. The granules 
are 0.25–1 mm in size (23).  

 

SEM and EDX analysis 
All bone grafts were removed from their storage 

boxes as instructed by the supplier. The samples were 
placed on carbon discs and carbon plaster for fixation 
and then put inside the microscope chamber under 
vacuum conditions. Images of the samples were taken 
with a Nova NanoSEM 650 (FEI Company, Hillsboro), a 
field emission scanning electron microscope, at a 
working distance range of 6–15 mm and an acceleration 
voltage of 20 kV. Images were taken with 
magnifications ranging from ×85 to ×50 000. 
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Energy dispersive X-ray spectrometry analyses of 
all samples were performed three times. All specimens 
were also morphologically evaluated on SEM at ×85, 
×250, and ×5000 magnifications. Chemical surface 

analyses with EDX were made on the same 
magnifications on all substitutes. The mean values of 
three different particles from all bone grafts were obtained, 
and the results were evaluated (Figures 1 and 2). 

 

 

 
 

Figure 1.  Porous titanium granules SEM images a) PTG images at x85 magnification, b) PTG images at x5000 
magnification, c) White PTG images at x85 magnification, d) White PTG images at x5000 magnification. 

 

 

 

 
Figure 2. SEM images of Xenografts a) Bovine bone graft particules images at x250 magnification, b) Bovine 
bone graft particules images at x5000 magnification, c) Equine bone graft particules images at x250 
magnification, d) Equine bone graft particules images at x5000 magnification.  

 

 
Statistical analysis 

 
The data were analyzed using the software 

program SPSS for Windows V20.0 (IBM SPSS Inc., 
Armonk, NY, USA). All parameters were analyzed using 

the Kolmogorov-Smirnov test to determine the 
normality distribution. All descriptive values were 
recorded as mean ± SD and percentages. A p-value less 
than 0.05 was considered statistically significant.  
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Results  
 

The surfaces of the PTG were composed of Na (8.88 
± 9.98%), Cl (2.44 ± 1.96%), Al (0.99 ± 0.37%), and Ti 
(90.06 ± 11.34%) molecules. 

The surfaces of the WPTG granules appeared to be 
composed of O (65.44 ± 6.42%) and Ti (34.55 ± 6.41%) 
molecules.  

The equine bone graft was composed of O 
(49.11±1.88%), Na (1.11±0.7%), Ca (28.82±0.72%), P 
(19.25±0.54%), N (3.45±0.01%), and Mg (0.55±0.025%) 
molecules.  

 The bovine bone graft appeared to be composed of 
O (18.85±0.71%), Na (0.6±0.71%), Ca (54.6±0.79%), P 
(20.72±0.014%), N (4.84±0.4%), and Mg (0.39±0.15%) 
molecules (Table 1).  
 

The Ca/P ratio was 2.63 for the bovine bone graft and 
1.49 for the equine bone graft. While these two 
xenograft P ratios were similar, the Ca ratios were 
higher in the bovine-bone graft. When the O values were 
compared, the highest percentage was found in the 
WPTG, while the lowest percentage was found in the 
bovine bone graft. The Ti ratio in the PTG was higher 
than in the WPTG.  

When the O/Ti ratios of the titanium granules were 
evaluated, the values were found to be 0.01 for the PTG 
and 1.89 for the WPTG. 

PTG and WPTG grafts have osteoconductive 
properties and, morphologically, have a more porous 
structure than xenografts. 

 
 

Table 1. Chemical composition of all graft materials (atomic weighted%) 
 

 Ti(%) O(%) Na(%) Cl(%) Ca (%) Al(%) P(%) N(%) Mg(%) 

Bovine - 18,85±0,71 0,6±0,71 - 54,6±0,79 - 20,72±0,014 4,84±0,4 0,39±0,15 

Bone graft          

Equine - 49,11±1,88 1,11±0,7 - 28,82±0,72 - 19,25±0,54 3,45±0,01 0,55±0,025 

bone graft          

Porous          

Titanium 90,06±11,34 - 8,88±9,98 2,44±1,96 - 0,99±0,37 - - - 

Granules          

White 
Porous 
Titanium 
Granules 

         

34,55±6,41 65,44±6,42 - - - - - - - 

         

Discussion 
 
The physicochemical surface properties of bone 

substitutes play a key role in cell response and 
interactions at the organic-inorganic interface (24). This 
study investigated the physical and chemical structure 
of bone grafts obtained from three different sources. In 
this study, two different bone xenografts were selected 
together with two PTG grafts. In the literature, the two 
most preferred bone grafts for regenerative treatment 
are bovine- and equine-derived bone grafts (25). In the 
studies presented, it was reported that the granules of 
PTG are very similar in structure to human bone (26). 

In the study by Karaji et al., Ti granules were 
treated with the anodization method, and it was 
reported that the ratio of O in the TiO2 layer increased 
on the surface of the granules (20). In addition, in an 
analysis of EDS, the PTG showed high-intensity peaks of 
Ti and low-intensity peaks of O, and the O/Ti ratio was 
found to be 0.53 (20). In the present study, while the 
O/Ti value was 0.01 in the PTG, it was found to be 1.89 

in the WPTG. According to the anodization method, it 
can be concluded that oxidation occurred in the WPTG 
as the manufacturing was stronger, but comparative 
studies at the cell culture level are required to confirm 
this conclusion. 

Studies have reported that the osteoinductive 
potential of CaP-containing biomaterials mostly 
depends on their physicochemical properties, but that 
increases in the amount of CaP, especially in tricalcium 
phosphate-containing biomaterials negatively affects 
their osteoinductive potential (27, 28). In one study, it 
was reported that the microporous structure, in 
addition to the chemical surface, of CaP-containing 
biomaterials increases the affinity and osteoinduction of 
bone cells (29). 

Another study evaluated the chemical compositions 
of three bone substitutes with a hydroxyapatite 
structure and one bone substitute with a calcium 
carbonate structure, both of which are frequently used 

in dentistry (7). In the grafts with similar chemical 
properties, significant differences were detected in 
terms of particle size, crystallinity, porosity, pore size 
distribution, surface area, and mineral content (7). 

In another study, the physicochemical properties of 
biomaterials with different CaP content were 
evaluated, and the results showed that Bio-Oss had 
lower crystallinity properties, fewer nanoscale crystal 
grains, and a nanoscale surface architecture for the 
nanoscale microporosities (24). The same study also 
reported that Bio-Oss had a low CaP release and showed 
a high degree of protein adsorption (24). In the present 
study, general SEM images were used to evaluate Bio-
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Oss, Apatos, PTG, and WPTG. However, mercury 
intrusion data would be required for a microporosity 
evaluation. Therefore, evaluations of the mechanical 
properties, such as microporosity and micropore size, 
and in vitro comparative studies are needed in the 
future. 

Ca and P ions released from CaP-containing 
biomaterials may have positive effects on osteoblastic 
activities. One study has shown that mesenchymal stem 
cells have an effect on the differentiation of 
osteoblastic activity (30), but there are also studies 
reporting that bone formation is negatively affected in 
some bone substitutes that release more CaP directions 

(24). In a study by Desterro, the Ca rate was found to be 
33.52±1.20 for a bovine bone graft (Bio-Oss), and the P 
ratio was found to be 15.74±1.41 (31). In a report 
presented HA, a bovine bone graft was shown to be 
39.9% calcium (Ca) and 18.5% phosphorus (P) in the 
mineralized phase of the bones (32). In the present 
study, two bone grafts with a hydroxyapatite structure 
from different sources were evaluated, and the Ca and 
P surface values were obtained. In addition, when the 
Ca and P values of the hydroxyapatite bone grafts were 
evaluated as an atomic weight percentage, the Ca and 
P values for the bovine bone were (54.6 ± 0.79%) and 
(20.72 ± 0.014%), respectively; for the equine-derived 
bone graft, these values were recorded as (28.82 ± 
0.72%) and (19.25 ± 0.54%), respectively. However, in 
the future, studies comparing the CaP release and 
osteogenic detection capacities are needed. 

Ca is important for enhancing the osteoconductive 
properties and tissue integration of biomaterials (33). 
Studies have reported that higher calcium 
concentrations are more prone to resorption and help to 
compensate for the negative charges of phosphate (34). 
One study reported that the Ca/P ratios were 1.35 ± 
0.07 for porcine-derived xenografts and 1.75 ± 0.16 for 
hydroxyapatite calcium phosphates (7). In an 
experimental study where a porcine-derived bone graft 
was used for socket healing after the repair of small and 
large defects, the Ca/P ratios detected by EDX analysis 
in the eighth week were reported to be 4.11 ± 0.71 in 
the small defects and 3.67 ± 0.57 in the large defects 
(35). Another study reported that the average Ca/P 
ratios of the two materials were 1.72 ± 0.07 (DBB) and 
1.63 ± 0.02 (BCP), respectively (36). In this study, the 
Ca/P ratios were found to be 2.63 for Bio-Oss and 1.49 
for the equine-derived bone graft. 

In another study, a surface chemistry analysis of 
Bio-Oss was performed, showing the granules to be 
approximately 0.4% Na and 0.5% Mg, with the beta-
tricalcium phosphate consisting entirely of CaP (36). In 
the present study, Mg and Na were detected in both of 
the hydroxyapatite bone grafts compatible with this 
study. However, in contrast to the previously mentioned 
study, N and O molecules were also detected. The 
equine-derived bone graft was found to be (49.11 ± 
1.88%) O molecules, while the bovine bone graft was 
found to be (18.85 ± 0.71%). 

Bone grafts with mechanical integrity and good 
structural support should be used due to their 
osteoconductive properties. The TiO2 molecule has been 

proven to possess biocompatibility, increase bone 
formation, improve vascular growth, and limit the 
bacteriostatic effect (19). The penetration of 
phosphorous and calcium to the Ti structure could 
induce apatite formation and improve bone-to-implant 
contact (37). In this study, black PTG was evaluated at 
low magnification and found to consist of 100% titanium; 
the ×2000 and ×50 000 magnifications showed that Na, 
Cl, and Al were also present. This content is thought to 
form during the production of PTG. 

This study has evaluated the physicochemical 
properties and inflammatory responses of porcine-
derived (Osteobiol) and hydroxyapatite bone grafts. The 

granules of porcine-derived bone grafts have been 
reported to be more irregular and spicular but less 
inflammatory than hydroxyapatite alloplast 
biomaterials (38). In this study, PTG and WPTG were 
also found to be more irregular and pore-like than 
hydroxyapatite xenografts. However, in vivo 
experimental studies should be conducted to determine 
the effects of morphological and chemical properties on 
the inflammatory response.  

Through EDX analysis, the present study found that 
WPTG had just two molecules: titanium and oxygen. A 
prior study showed that the cell viability of fabricated 
TiO2 was two times greater than that of black PTG. 
When the cell proliferation was evaluated, no 
significant difference was found between the fabricated 
TiO2 and black PTG (19). 

Due to its surface properties, pore widths, and 
porosity, PTG facilitates the affinity, binding, and 
migration of osteoblasts to the graft surface. However, 
no appropriate pore size or pore diameter assessment of 
PTG has been performed for osteoblasts (39, 40). Both 
PTG and WPTG are irregular, and further studies on how 
osteoblast biological effects occur in cases where the 
crystallinity and physicochemical surfaces are regulated 
and standardized are needed. 

 
 

Conclusions 

 
According to this study, the physical and chemical 

properties of bone substitutes may affect the biological 
response. Porous titanium granule (PTG) and white 
porous titanium granule (WPTG) grafts have 
unrestrained osteoconductive properties and a more 
porous structure than xenografts. However, xenografts 

can be resorbed despite their osteoconductive 
properties, show a flatter structure, and may be 
reinforced over a longer period during equine-bone 
grafting by modifying their calcium-to-phosphate (Ca/P) 
ratios. Further cell culture studies are needed on this 
subject. It should be noted that there are no 
standardized studies in the literature since biomaterials 
have very different physical and surface chemistries for 
their crystallinity, microporosity, and porosity. 
Therefore, controlled in vivo and in vitro studies for 
each feature of a biomaterial are required. 
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