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Abstract. Research has been conducted on the effect of adding MgO 
nanoparticle additives to the characteristics of porous hydroxyapatite as 
bone filler. The purpose of this study was to optimize previous research by 
replacing the ZnO nanoparticle additive with MgO nanoparticles 
accompanied by the use of the injection method. Porous hydroxyapatite 
synthesis is carried out by mixing nano-sized hydroxyapatite powder with 
MgO nanoparticles and making PVA solution. The composition of MgO 
nanoparticles varied at 8 wt%, 10 wt%, 12 wt% and 14 wt%. The 
hydroxyapatite-MgO mixture is dissolved in PVA solution so that the 
hydroxyapatite slurry is formed. Polyurethane foam is prepared with 
dimensions of 1 cm × 1 cm × 1 cm. Hydroxyapatite slurry is injected into 
polyurethane foam and followed by thermal treatments. The thermal 
treatments process was carried out in 3 stages, the drying stage at 80ºC for 2 
hours, the phase of removal of PVA and polyurethane foam by heating in a 
temperature of 650ºC for 1 hour, and the sintering stage at 1200ºC for 3 
hours. The effect of variations in the addition of MgO nanoparticles 
additives to the porous hydroxyapatite produced was characterized using 
porosity test, compressive strength test, morphological test with SEM, 
functional group test with FTIR, and cytotoxicity test using MTT assay. 
Based on the analyzes that have been done, it is known that the porous 
hydroxyapatite sample with the addition of 14 wt% of the MgO nanoparticle 
additive shows the best character with a porosity percentage of 68.60%, 
compressive strength value of 2.43 MPa, pore size of 100.3 - 314.3 µm, and 
not toxic. 

Keywords: bioceramics, porous hydroxyapatite, magnesium oxide, 
additives, injection method. 

1. Introduction
Bone cancer occurs because of cell dysfunction or uncontrolled bone cell growth. Bone 
cancer (osteosarcoma) is a systemic malignant disease that occurs in bone cells, 
hematopoietic components in bone, cartilage and fibrous or synoval material [7]. 
Technological developments in the medical industry encourage the development of 
biomaterials. Biomaterials aim to repair, restore, and replace damaged tissue or connect 
with the physiological environment of the body. Biomaterial as a bone implant application 
provides a better solution in handling cases of damage to bone tissue by tissue regeneration 
as an effort to repair and restore damaged tissue. The technique used is a network technique 
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that refers to the growth of new tissue using living cells that are controlled by the substrate 
structure of synthetic materials [8]. 
 Bone filler is one of the biomaterials as an application in the process of repair, 
recovery, and bone reconstruction due to accidents, bone tumors, bone cancer, and other 
bone degradation diseases. Bone filler is used to fill damaged bone cavities so that it 
triggers bone tissue growth. Hydroxyapatite is the main constituent of bone filler. As one 
type of natural ceramic, pure hydroxyapatite has low mechanical characteristics. Addition 
of additives to hydroxyapatite is needed to make bone fillers with suitable mechanical 
characteristics and can be applied to bone. Porous hydroxyapatite synthesis using the 
addition of ZnO additives and the polymer foam immersion method was continued by 
sintering at 1200 ° C for 3 hours performed by Yunita [14] produced porous hydroxyapatite 
with pore size, porosity, and cytotoxicity levels that met medical application standards as 
bone filler with a compressive strength of 0.319 MPa which did not meet the medical 
application standard for spongious bone of 7.5 - 41 MPa . 
 Magnesium oxide nanoparticle or MgO nanoparticle is one of the candidates for 
additives because magnesium is one of the elements found in bones and good mechanical 
characteristics. MgO nanoparticle has been introduced as a sintering additive to improve 
the mechanical properties of hydroxyapatite. The addition of MgO nanoparticle additives 
will increase the value of compressive strength or hydroxyapatite compressive strength to 
70% [3]. It is estimated that the addition of MgO nanoparticle additives to hydroxyapatite 
followed by the sintering process will produce bone filler products that have good 
properties and characteristics. 
 

 
 
2. Experiment 

design 
This research was carried out in two stages, namely the preparation stage and the stage of 
testing the porous hydroxyapatite sample. The preparation and sample preparation phase 
includes the manufacture of hydroxyapatite slurry, polyurethane foam injection process, 
drying, and sintering process.   Hydroxyapatite powder mixed with MgO nanoparticles 
powder with variations in the number of additions is 8 wt%, 10 wt%, 12 wt% and 14 wt%. 
Hydroxyapatite and MgO nanoparticles powder mixture is added little by little to distilled 
water and PVA solution until hydroxyapatite slurry is obtained. The cut polyurethane foam 
is then injected with hydroxyapatite slurry. Next, the sample is dried in the furnace at 
temperature 80 ° C for 2 hours. The temperature in the furnace was increased to 650 ° C for 
1 hour aimed at removing polyurethane foam and PVA. The sintering process in the sample 
was carried out at 1200 ° C for 3 hours. The phases of testing porous hydroxyapatite 
samples include FTIR test, SEM test, porosity test, compressive strength test, and MTT 
assay test. 
 

 
3. Results and discussion 
3.1  Synthesis Results 
The process of making pure hydroxyapatite-based porous hydroxyapatite with addition of 
MgO nanoparticles additives to produce cubical porous hydroxyapatite with dimensions of 
1 cm × 1 cm × 1 cm. Hydroxyapatite slurry injected on polyurethane foam as a pore frame 
has undergone reinforcement between particles of hydroxyapatite and MgO nanoparticles 
in the sintering process so that the porous hydroxyapatite solids are shown in Figure 1. 
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Figure 1. Porous Hydroxyapatite Samples with Addition of MgO Additives 
Nanoparticles 

 
3.2 Characterization Results 
3.2.1 Fourier Transform Infra-Red (FTIR) Test Results 
FTIR testing was carried out as a qualitative analysis of identification of sample functional 
groups based on the absorbance of infrared rays. The main purpose of FTIR testing is to 
identify the presence or absence of PVA functional groups and polyurethane foams. PVA 
and polyurethane foam are expected to disappear due to the heat treatment process. The 
results of FTIR testing on hydroxyapatite samples are shown in Figure 2. 
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Figure 2. FTIR Test Results for Porous Hydroxyapatite Samples with Addition of 

Substances of MgO Nanoparticle  Additives in total (a) 8 wt%, (b) 10 wt%, (c) 12 wt%, 
and (d) 14 wt% 

 
 
 

    The results of analysis of infrared absorption of porous hydroxyapatite samples showed 
the presence of hydroxyl (OH-) groups at wave numbers 3570 cm-1 and 633 cm-1. The 
hydroxyl function group is characterized by the vibration of the H - O - H function group [9] 
[10]. Cluster found carbonate (CO3

2-) on infrared absorption wave number 1423 cm-1. The 
peak width at 1400-1550 cm-1 indicates a large quantity of carbonate ions [9]. The presence 
of peaks at 1455-1410 cm-1 shows the presence of CaCO3 on the surface [9]. The phosphate 
group (PO43-) is found in infrared absorption of wave numbers 1090 cm-1, 1050 cm-1, 961 
cm-1, 602 cm-1, 571 cm-1, and 473 cm-1. Phosphate group on Infrared uptake ranges from 470 
cm-1, 960 cm-1, and 1090 cm-1 is characterized by symmetrical O-P-O compound bonds [9]. 
Infrared uptake in the range of 1050 cm-1 and 570 cm-1 showed the existence of asymmetric 
stretching mode and symmetric bending mode PO43- functional groups [2]. Infrared 
absorption in the range of 603 cm-1 shows a bending vibration and stretching from P-O to the 
PO43- functional group [10]. 
    The four porous hydroxyapatite samples with variations in the addition of MgO 
nanoparticles additives showed that infrared absorption results were not much different. This 
shows the identity of the compounds produced and shows the absence of new functional 
groups. There are three main functional groups of porous hydroxyapatite, namely hydroxyl 
groups, carbonate groups, and phosphate groups. The magnesium (Mg) function group does 
not appear in the results of the infrared absorption of porous hydroxyapatite samples. The 
use of small amounts of magnesium as an additive in porous hydroxyapatite samples causes 
absorption of magnesium functional groups not to be seen clearly or not. No infrared 
absorption from PVA functional groups and polyurethane foams were found in porous 
hydroxyapatite samples. This shows that PVA and polyurethane foam have melted and 
evaporated perfectly due to thermal treatments so that it does not cause impurities in porous 
hydroxyapatite samples. 
 

 
 
 
3.2.2 Scanning Electron Microscopy (SEM) Testing Results  
The results of SEM testing in the form of images or surface structure images that show the 
shape and pore diameter and the percentage of elemental composition in the porous 
hydroxyapatite sample with variations in the addition of MgO nanoparticles. The results of 
SEM testing are presented in Figure 3. 
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(d) 
Figure 3. Morphology of Porous Hydroxyapatite Samples with Variations in Substance 
Addition of Additives MgO Nanoparticles (a) 8 wt%, (b) 10 wt%, (c) 12 wt%, and (d) 

14 wt% Using SEM 
 

Analysis of the results of the morphological testing of porous hydroxyapatite samples was 
focused on observing pore shape and size. The results of observations and pore size analysis 
are presented in Table 1. 
 

Table 1. Results of Testing Porous Hydroxyapatite Sample Pore Size with Variations 
Composition of Substance Additions of MgO Nanoparticle Additives 

 
 
The addition of the composition of the MgO nanoparticle additive has an effect on the pore 
size of the porous hydroxyapatite sample. The pore size of the hydroxyapatite sample 
decreases with the addition of the composition of the MgO nanoparticle additive. This matter 
caused by the administration of nano-sized MgO nanoparticle additives will fill the empty 
spaces between the hydroxyapatite particles so that they can reduce the pore size. 
    Pore size is an important parameter in bone filler. Bone filler is expected to be able to 
support the osteointegration process between cells in bone tissue with bone filler. Pore size 
characteristics that are suitable for triggering bone cell growth are 100 - 400 µm and no 
tissue grows in the pore below the size of 5 µm [7] [12]. The results of the pore size analysis 
of porous hydroxyapatite samples with variations in the composition of the addition of MgO 
nanoparticle additives showed that the fourth pore size of the porous hydroxyapatite sample 
fulfilled the pore size characteristics as a bone filler application. 
 
 
3.2.3 Porosity Test Results 
Porosity testing was carried out to determine the percentage porosity of the porous 
hydroxyapatite sample. Porosity test results for porous hydroxyapatite samples with 
variations in the addition of MgO nanoparticles additives are presented in Table 2. 
   
 
 
 
 
 
 

 
Parameter 

Additions of MgO Nanoparticle Additives 
8 wt% 10 wt% 12 wt% 14 wt% 

Pore size 
(µm) 

 
157.1 – 364.3 

 
145.8 – 357.1 

 
171.4 – 342.9 

 
100.3 – 314.3 
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Table 2. Test Results for Porous Hydroxyapatite Sample Porosity with Variations 
Composition of Substance Additions of MgO Nanoparticle Additives 

 

                                                                                                                                                
 
The percentage of porosity decreased with the addition of the composition of the MgO 
nanoparticle additive in the porous hydroxyapatite sample. This is due to the addition of 
nano-sized additives to hydroxyapatite to improve densification between particles [12]. The 
process of densification or compaction will reduce the amount of porosity in porous 
hydroxyapatite samples [14]. The pore existence of porous hydroxyapatite is controlled by 
polyurethane foam as a pore frame or frame. The deposition of polyurethane foam during 
heat treatment will leave the cavities in the porous hydroxyapatite sample followed by the 
sintering process to assist the process of diffusion and inter-particle densification of the MgO 
nanoparticle and hydroxyapatite additives. 
     Porous hydroxyapatite as a bone filler application for trabecular bone in the femur has a 
porosity characteristic of ± 70% [5]. From the results of porosity testing, it is known that the 
four porous hydroxyapatite samples meet medical application standards as bone fillers 
because they have a range of porosity values that are in accordance with the literature of 
bone filler porosity characteristics of ± 70%. 
 

3.2.4 Compressive Strength Test Results 
A compressive strength test is carried out to determine the resistance of the sample by giving 
a number of forces or loads. The results of testing the compressive strength of porous 
hydroxyapatite samples for each variation of the addition of MgO nanoparticles additives are 
presented in Table 3. 
 

Table 3. Test Results for the Compressive Strength of Porous Hydroxyapatite Samples with 
Variation in Composition of Substance Additions of MgO Nanoparticles Additives 

 
The compressive strength of porous hydroxyapatite samples increases with increasing 
composition of MgO nanoparticle additives. This increase in compressive strength occurs 
because the nature of MgO nanoparticles as additives can improve the biochemical 
mechanical properties of brittle pure hydroxyapatite because MgO nanoparticles additives 
can improve the densification process along the grain boundary. Nano-sized magnesium 
oxide fills in the empty space between the hydroxyapatite particles thereby increasing the 
density of porous hydroxyapatite. The use of nano-sized additives contributes to better 
densification between particles [12]. In addition, the thermal treatment process carried out 
in temperature 1200ºC for 3 hours helps the process of combining and compacting particles 
optimally so that bond reinforcement occurs between items. Improvement of densification 
process has an effect on increasing mechanical properties of porous hydroxyapatite 
samples. Increased concentration of MgO nanoparticle additives on hydroxyapatite 
improves mechanical properties and increases the compressive strength of porous 
hydroxyapatite samples. 
    Compressive strength is an important parameter in bone filler. The bone filler strength 
required for spongious bone implant application is 7.5 - 41 MPa [13]. Samples with the 
composition of the addition of 14 wt% MgO nanoparticle additives have the best 
compressive strength value of 2.43 MPa. The four porous hydroxyapatite samples showed 
better compressive strength values compared to the results of previous studies conducted by 
Nurmanta [7] and Yunita [14]. In a study conducted by Nurmanta [7], the synthesis of pure 
hydroxyapatite without the addition of additives carried out by polyurethane foam 

 
Parameter 

Addition of MgO Nanoparticle Additive 
8 wt% 10 wt% 12 wt% 14 wt% 

Porosity(%) 70,19 70,07 68,89 68,60 

 
Parameter 

Additions of MgO Nanoparticles Additives 
8 wt% 10 wt% 12 wt% 14 wt% 

Compressive strength (MPa) 2,3
0

2,39 2,40 2,43 
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immersion method produced the best strength value of 0.5591 MPa. The use of MgO 
nanoparticles as additives on hydroxyapatite shows the results of compressive strength that 
are better than pure hydroxyapatite because additives are able to strengthen density and 
reduce porosity in the hydroxyapatite lattice thus increasing macroscopic properties such as 
hardness and compressive strength. Previously by Yunita [14], the synthesis of porous 
hydroxyapatite was carried out by the addition of ZnO nanoparticle additives by immersion 
method resulting in the best compressive strength value of 0.319 MPa. MgO nanoparticles as 
additives were able to increase the porous hydroxyapatite compressive strength compared to 
ZnO nanoparticles. This is caused by the mineral content of magnesium in bones which is 
more than zinc in bone. Magnesium as a bone mineral functions as a reinforcement of bone 
tissue located on the surface of hydroxyapatite bone crystals [1]. As much as 60% of 
magnesium minerals from total bone minerals other than calcium and phosphorus as the 
main form of hydroxyapatite, are stored in bone and 40% residual bone minerals such as Zn, 
Mn, Cu, etc. [4] [1]. Magnesium is also one of the main substitutes (predominant substitute) 
for calcium in biological apatites on hard tissues (enamel, dentine, and bone each containing 
0.44 wt%, 1.23 wt%, and 0.73 wt%) [11]. Therefore, the addition of MgO nanoparticles 
additives in hydroxyapatite is considered more optimal in improving the mechanical 
properties of porous hydroxyapatite samples than ZnO additives. 
 
    The replacement of the immersion method using the injection method is expected to 
increase the compressive strength of the porous hydroxyapatite sample. Injection techniques 
using injections or syringes provide an external force so that hydroxyapatite slurry can enter 
into polyurethane foam optimally. From the analysis of the compressive strength of porous 
hydroxyapatite samples with the addition of MgO nanoparticles additives it was found that 
the best compressive strength value was 2.43 MPa. The value of the best compressive 
strength in porous hydroxyapatite samples from the results of this study still does not meet 
the standard bone filler application, but looks at the trend or tendency of increasing the value 
of compressive strength along with the addition of MgO additive composition   
nanoparticles, the value of compressive strength can be increased by increasing the 
composition of MgO nanoparticles. The presence of pores is a factor that weakens the 
porous hydroxyapatite mechanical strength. The presence of pores in medical application 
biomaterials is expected to help the osteointegration process with bone tissue. However, the 
presence of pores causes the formation of empty spaces which causes a decrease in the 
mechanical properties of hydroxyapatite. Pore existence in bone filler causes a decrease in 
compressive strength compared to bulk forms [14]. Material compressive strength is 
inversely proportional to the level of porosity. The value of compressive strength will 
increase as the porosity of the biomaterial decreases. 
 
3.2.5 MTT Assay Test Results 
MTT assay testing is a quantitative test to determine the level of cytotoxicity in vitro and 
shows the absence of a porous hydroxyapatite sample. Cytotoxicity testing using cellular-
reduced MTT reagent based on the breakdown of yellow MTT tetrazolium salt into purplish 
formazan crystals. The color change method is used to detect cell proliferation. Cell 
mitochondria that experience proliferation will absorb MTT which causes the formation of 
purplish formazan crystals. Therefore, the intensity of purple that is formed is proportional to 
the number of living cells so that the intensity of purple that gets thicker will indicate an 
increasing number of living cells. Analysis of the results of cytotoxicity level testing using 
MTT assay on porous hydroxyapatite samples with variations in the composition of additives 
MgO nanoparticles additives of 8 wt%, 10 wt%, 12 wt%, and 14 wt% are presented in Table 
4. 
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Table 4. Results of Testing of Porous Cytotoxicity Levels with Composite Variations of 
Substance Addition of MgO Nanoparticles Additives Based on Percentage of Live Cells 

 
 
 

Parameter 
Addition of MgO Nanoparticles Additives 

8 wt% 10 wt% 12 wt% 14 wt% 
Live Cells (%) 87.09 91.29 94.87 98.60 

 
 
From Table 4 it is known that the percentage of living cells in the MTT assay for the four 
porous hydroxyapatite samples is more than 60%. This indicates that the four porous 
hydroxyapatite samples are not toxic to living cells. The inoxicity of porous hydroxyapatite 
samples is caused by the absence of polyurethane and PVA foams in the thermal treatments 
process in the form of polyurethane and PVA removal processes followed by the sintering 
process. The MTT assay test results reinforce the results of FTIR testing which shows that 
there are no groups forming polyurethane foam and PVA. From the analysis of the results of 
cytotoxicity testing using MTT assay it is known that the porous hydroxyapatite sample with 
the addition of 14 wt% of the MgO nanoparticle additive is a sample that shows the best 
percentage of living cells at 98.60%. 
 
 
 
4.Conclusion 
Based on the results obtained in this study, it can be concluded that: 
1. Variation in the composition of MgO nanoparticle additives in the preparation of porous 
hydroxyapatite in this study affected porosity, compressive strength, and pore size of porous 
hydroxyapatite samples. The percentage of porosity and pore size decreased with increasing 
composition of the addition of MgO nanoparticle additives. The value of compressive 
strength of porous hydroxyapatite samples increases with increasing composition of the 
addition of MgO nanoparticle additives. Porous hydroxyapatite samples from this study are 
also non-toxic. 
2. Addition of 14 wt% MgO nanoparticle additives in porous hydroxyapatite samples has the 
best character with a pore size of 100.3 - 314.3 µm, porosity percentage of 68.60%, 
compressive strength value of 2.43 MPa, and is non-toxic with a percentage of living cells of 
98.60%. Porous hydroxyapatite samples with the addition of 14 wt% MgO nanoparticle 
additives have the potential to be applied as bone fillers because they meet medical 
application standards pore size parameters are 100 - 400 µm and porosity is ± 70%. 
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