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Abstract. Spinal tuberculosis is one of the infectious diseases which according to the World Health 
Organization (WHO), is a major cause of health problems and one of the top 10 causes of death 
worldwide. The aim of this study was to fabricate a 3D printing scaffold with the design of 
truncated hexahedron, then combined with Injectable Bone Substitute (IBS) paste as a method for 
drug delivery in the case of spinal tuberculosis. Injectable Bone Substitute (IBS) paste was 
synthesized by combining some materials including hydroxyapatite, gelatin, hydroxypropyl 
methylcellulose (HPMC), and streptomycin. The scaffold was characterized with IBS paste through 
the digital microscope and the mechanical test to determine the mechanical strength of the scaffold. 
The results of the 3D printing scaffold showed that the scaffold has interconnectivity between 
pores. After being injected with IBS, it was seen that the entire surface of the scaffold pores was 
covered by IBS paste evenly. Scanning Electron Microscope (SEM) tests showed that the surface of 
the scaffold has been covered by IBS paste, and proves that the pores are still formed. Energy 
Dispersive X-Ray (EDX) test results showed that the IBS paste containing a hydroxyapatite 
component consisting of Ca, P, and O elements. Mechanical tests showed that the scaffold for all 
pore sizes had a compressive strength of 1.49-3.97 MPa before IBS injection and increased to 3.45-
4.77 MPa after IBS injection. Then the bending test showed that the scaffold had a bending strength 
of 16.76-36.09 MPa and increased to around 21.57-40.36 MPa after being injected with IBS. The 
drug release test showed that the 3D printing scaffold could release streptomycin by 4.944%-
6.547%, which has met the percentage of drug release that is able to kill tuberculosis bacteria. It can 
be concluded that 3D printing scaffold combined with IBS paste can be applied as a drug carrier as 
well as a method of healing spinal tuberculosis. 

1. Introduction 
Tuberculosis (TB) is a disease caused by Mycobacterium tuberculosis (MTB). Referring to the 

[1], 10 million people worldwide suffer from TB and it causes 1.2 million people to die every year. 
In Indonesia, there were 443,235 TB cases recorded throughout 2021 [2]. In general, TB infects the 
lungs but can also infect organs such as the spinal. Spinal tuberculosis can cause damage to the 
vertebral body and spinal deformities that can pose a risk of spinal cord compression [3]. The most 
effective treatment method that can be used to treat spinal TB is the surgical method, taking the 
infected bone part and replacing it with a scaffold to induce the spinal stability and healing process 
[4]. 
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A scaffold is a temporary structure that provides a supportive environment for stem cells to carry 
out the processes of adhesion, proliferation, and differentiation to produce the desired new bone 
tissue [5]. In the previous literature, additive manufacturing-based 3D printing attracted attention as 
a technology that could overcome these drawbacks [6]. The formation of pores and 
interconnectivity between pores are essential factors in scaffold fabrication [7, 8]. 3D printers based 
on fused deposition modeling (FDM) have many advantages, such as affordable prices, fast 
production speeds, and are often used for tissue engineering [9-11]. FDM-based scaffolds have 
excellent pore interconnectivity to supply nutrients and metabolites required for cell infiltration and 
cell metabolism [12]. 

Biodegradable porous scaffolds provide new approaches methods to orthopedic surgery to repair 
bone injuries [13]. Biodegradable polymers are one of the most commonly used 3D printing 
materials due to their favorable physiochemical properties. In previous research, several polymers, 
such as PolyLactic Acid (PLA), Polycaprolactone (PCL), and Poly Lacticco-Glycolic Acid (PLGA), 
have been reported on the fabrication of bone tissue engineering scaffolds through different 3D 
printing techniques [14-17]. Among biodegradable polymers, PLA is one of the most important 
biopolymers with its substantial application in the field of medicine, such as for bone tissue 
engineering, medical implants, drug delivery system, bone fixation and reconstruction, and suture 
material [18,19].  

Besides being used as a place for cell growth, the scaffold can also function as a drug carrier. 
The scaffold is filled with Injectable Bone Substitute (IBS) paste which consists of Hydroxyapatite 
(HA), gelatin, Hydroxy Propyl Methyl Cellulose (HPMC) and streptomycin [20]. Hydroxyapatite is 
the main portion of the extracellular matrix consisting about 60-70% of the bone mass [21]. It 
is generally used as a macroporous ceramic for healing bone tissue [22]. Hydroxyapatite is 
extensively used in various biomedical applications (gene therapy, drug delivery system, 
regenerative medicine, and tissue engineering) due to its excellent biocompatibility, 
osteoconductivity, bioactivity, and chemical stability [23-27]. However, hydroxyapatite has the 
disadvantage that it is brittle, so it needs to be combined with other materials to form composites, 
especially gelatin. Gelatin is also biocompatible, biodegradable, non-toxic, and is often used in 
medicine. Due to its hydrophilicity, gelatin has great affinity with HA and shaping through the gel 
which has perfect combination with the HA [28]. HPMC is used as a gelling agent while 
streptomycin is a drug that can help the healing process in case of spinal tuberculosis [29]. 

The mechanical properties of the scaffold should be similar to the mechanical properties of the 
natural bone at the defect site to ensure the implant is providing sufficient support [30, 31]. Larger 
pores favor high vascularity, but an increase in cavity volume decreases the mechanical strength of 
the scaffold [32]. In conclusion, this study aims to fabricate a 3D printing scaffold with the design 
of truncated hexahedron, combine it with an IBS paste, and then applied as a treatment of spinal 
tuberculosis. SEM-EDX test was conducted to observe the surface of the scaffold after IBS paste 
was injected, and to determine the percentage of elemental composition on the scaffold. Mechanical 
tests, including compressive and bending test, was conducted to determine the mechanical strength 
of the scaffold so that it can be qualified with the characteristics of human bones. A drug 
degradation test was also conducted to determine the level of streptomycin released from the 
scaffold. The contribution of this study is that the pore size and the pore design of 3D printing 
scaffold can be used as an alternative as a drug delivery that is possible with various doses of drug 
depending on the severity of tuberculosis cases or bone osteoporosis. The 3D printing scaffold 
design can be made according to the shape and architecture that can cover bone defects which can 
be adjusted according to the results of the radiography. 
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2. Materials and Methods 
2.1 Materials 

 

PolyLactic Acid (PLA) filament was used as the main scaffold material, IBS paste ingredients 
including hydroxyapatite powder from cattle bone comes from hospital tissue bank dr. Soetomo, 
Surabaya, Indonesia, aquades, gelatin (150 bloom Rousselot, Guangdong, China) from cowhide, 
Hydroxy Propyl Methyl Cellulose (HPMC) (Sigma Aldrich H7509, Singapore), and streptomycin 
sulfate from PT. Meiji Indonesia. The material for the drug release test was Phosphate Buffer Saline 
(PBS) with a PH of 7.2 from maxlab, Tangerang, Indonesia. 

 
2.2 Methods 

 

At first, In the 3D printing scaffold fabrication, the scaffold design uses the SolidWorks 2014 
software with a truncated hexahedron-shaped unit cell with a 2 mm width. The process of the 
design begins by making octagon shapes on the front, top, and right. Then flipping the planes at an 
angle of 900, so the design framework is obtained. All of the sides were swept using Swept 
Boss/Base, so a truncated hexahedron unit cell is obtained. The test samples were designed 
according to the standard with various pore sizes of: 600, 800, 1000, 1200, and 1400 µm. The pore 
size was made by determining the distance between the fibers (strut). The process of merging or 
assembly is carried out on the unit cell to obtain a geometric design. The design results of the 
SolidWorks 2014 application are saved in .stl format. The scaffold was printed using a 3D printing 
machine based on the FDM method with a nozzle diameter of 0.4 mm. 

The next step is the synthesis of IBS paste was carried out according to the research [4]. The 
gelatin solution (20% w/v) was stirred for 1 hour at 40 0C, then the synthesized hydroxyapatite with 
the composition of HA: gelatin (65:35 w/w) was added. Streptomycin (10%) was added to the 
solution. In the last step, the HPMC solution was added to the mixture at a temperature of 40 0C for 
6 hours.  

In the scaffold characterization, several tests were carried out. Scaffold pore observation was 
carried out using a digital microscope. The surface morphology of the scaffold after injection of the 
IBS paste was observed using SEM test, while the determination of the percentage of elemental 
components was conducted using EDX test. The mechanical strength of the scaffold was obtained 
through compressive and bending tests on the scaffold before and after IBS injection.  

The compressive strength is calculated using Equation 1. Where F is the magnitude of the 
applied force (N), while A is the initial cross-sectional surface area of the scaffold (m2). 

𝜎𝜎 = 𝐹𝐹
𝐴𝐴
           (1) 

The equation for calculating the bending strength value can be seen in Equation 2. F is the 
amount of force applied (N), L is the length of the scaffold (m), b is the width of the scaffold (m), 
and d is the thickness of the scaffold (m). 

𝜎𝜎𝑠𝑠 = 3𝐹𝐹𝐹𝐹
2𝑏𝑏𝑑𝑑2

           (2) 

A drug release test was conducted to determine the amount of streptomycin released from the 
scaffold. Scaffold injected with IBS was immersed in Phospate Butane Saline (PBS) solution, then 
tested in a UV-Vis spectrophotometer to specify the concentration of streptomycin. 

3. Results and Discussion 
3.1 3D Printing Scaffold 

One of the results (pore sizes of 1000 µm) of a 3D printing scaffold with a geometric design of 
the truncated hexahedron can be seen in Figure 1. It can be seen that the printed scaffold has 
interconnectivity between pores. After IBS paste was injected, it can be seen that the entire surface 
of the 3D scaffold pores was covered by IBS evenly. 
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Figure 1. (a) 3D printing scaffold design, (b) result of 3D printing scaffold, (c) 3D printing 
scaffold injected with IBS paste 

3.2 Injectable Bone Substitute (IBS) Paste 
The results of the IBS paste synthesis appear white based on the main ingredient, namely 

hydroxyapatite. Characterization in the form of FTIR test results, injectability, setting time, acidity 
and cytotoxicity can be referred to in research [4]. The results of IBS paste synthesis can be seen in 
Figure 2:  

 
Figure 2. IBS paste synthesis result 

3.3 SEM Test 
SEM test was carried out with magnifications of 5000x and 20000x on scaffolds with a pore 

size of 600 µm which showed that the surface of the scaffold had been covered with IBS paste, and 
proved that there were still pores formed. The pore results seen in the SEM test results are smaller 
than the digital microscope results, this can be caused by the selected surface is not exactly the same 
between the two tests, with the surface not clearly visible in the SEM test results. In addition, on the 
surface of the scaffold there are dots that represent hydroxyapatite crystals from IBS [4]. This is 
based on the fact that the HA material used in the synthesis of the IBS paste is not a nanoparticle, so 
there are still white dots in the form of a granular which indicates HA crystals. The results of SEM 
tests on the surface of the scaffold can be seen in Figure 3: 

 

 

 

(a) (b) (c) 
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Figure 3. SEM test results for scaffold after IBS paste injection (a) 5000x magnification (b) 20000x 
magnification 

3.4 EDX Test 
 The presence of hydroxyapatite and other compositions in the 3D printing scaffold injected 

with IBS paste was shown by the EDX results. The results of percentage of elemental composition 
can be seen in Table 1, and then the graph results of EDX analysis was shown in Figure 4: 

 
Figure 4. EDX analysis for scaffold after IBS paste injection 

Table 1. Percentage of elemental components 
Element Wt% At% 

  CK 37.47 50.68 
  NK 09.84 11.42 
  OK 29.02 29.46 
 NaK 01.62 01.15 
  PK 03.88 02.04 
 NbL 05.11 00.89 
 MoL 04.09 00.69 
 ClK 00.83 00.38 
 CaK 08.13 03.29 

EDX results showed that in the IBS paste there was hydroxyapatite powder consisting of Ca, P, 
and O elements. P in hydroxyapatite is 1.67 [33]. The Ca/P ratio which is greater than the 

Scaffold 

IBS 
IBS 

Scaffold 

Pore 

(a) (b) 
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theoretical value indicates that the calcium content in HA is greater than the phosphate content. 
There are also other elements which observed as impurity elements. It may come from the initial 
material, or are caused by an unsterile manufacturing process. 
3.5 Compressive Strength 

The results of the compressive test on the scaffold can be seen in Figure 5. Based on Figure 5, it 
shows that the pore size affects the compressive strength of the scaffold. The increase in pore size 
causes a decrease in the compressive strength of the scaffold. The addition of IBS paste into the 
scaffold also affects the compressive strength value. The value of the compressive strength of the 
scaffold will increase after being injected with IBS paste. The value of the spine compressive 
strength is 1.5-7.8 MPa [34], so based on the these results, the compressive strength value of each 
scaffold meets the criteria as a bone substitute.  

 
Figure 5. The graph of the compressive strength test results of PLA and PLA+IBS scaffolds 

3.6 Bending Strength 
The results of the bending test for scaffolds before and after IBS injection can be observed in 

Figure 6. Based on Figure 6, there is a negative relationship between the pore size of the scaffold 
and the bending strength value for both scaffolds without IBS injection and after IBS paste 
injection. The addition of IBS paste into the scaffold increased the bending strength value. This was 
due to the presence of IBS paste which fills the volume of the scaffold so that it can be stronger in 
supporting the load so that a greater maximum force was obtained. This increase indicates that more 
IBS paste enters the scaffold, thereby increasing its bending strength. 

 
Figure 6. The graph of the compressive strength test results of PLA and PLA+IBS scaffolds 

3.7 Streptomycin Release Test 
Test using a UV-Visible spectrophotometer was conducted to determine the potential release of 

streptomycin from the scaffold. Scaffolds with variations of five pore sizes that have been injected 
with IBS paste were tested for each sample. The wavelength to observe the absorption of the 
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streptomycin is around 272-274 nm [35]. Before testing the scaffold, a standard curve was made by 
testing several concentrations of streptomycin using a UV-Vis spectrophotometer. The 
concentratio0n of streptomycin used was 1-5% in 10 ml of PBS. Based on this test, the absorbance 
data were obtained from each solution concentration (Figure 7a). 

The value of each absorbance peak was used to create a linear standard curve, and a 
relationship was found between the concentration of streptomycin tested and the absorbance value. 
The relationship between absorbance value as y-axis and streptomycin concentration as x-axis is 
depicted in Cartesian diagram with linear regression equation [36]. The standard curve for 
streptomycin release is presented in Figure 7b. The regression equation is obtained: 

𝑦𝑦 = 0.4608 𝑥𝑥 + 0.086         (3) 

So that the equation can be made to find the concentration of the drug released. Equation 4 defines 
the concentration of streptomycin released from the scaffold as the absorbance value minus the 
correction factor which is then divided by the gradient graph in Figure 7b. In mathematical form, 
Equation 4 can be written:  

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = (𝑎𝑎𝑏𝑏𝑠𝑠𝑎𝑎𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−0.086)
0.4608

       (4) 

  
 

Figure 7. (a) Absorbance of UV-Vis calibration solution, (b) standard curve of streptomycin 
concentration 

 
Figure 8. UV-Vis absorbance results for streptomycin released from 5 variations of IBS paste 

scaffold pore size  
The graph of peak absorbance of each scaffold injected with IBS paste can be seen in Figure 8. 

The absorbance results for each scaffold with variations in pore size were then substituted into the 
concentration calculation (Eq.2) to obtain the percentage of streptomycin released. Concentration of 
released streptomycin data can be seen in Table 2. 
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Table 2. Result of released streptomycin concentration 
Pore size of scaffold 

(µm) 
Absorbance Concentration of released 

streptomycin (%) 
600 2.364 4.944 
800 2.625 5.510 
1000 2.881 6.066 
1200 3.103 6.547 
1400 2.793 5.875 

Based on the results above, the concentration of released streptomycin for all pore sizes ranged 
from 4.944% to 6.547%. Referring to research conducted by [4], the released streptomycin 
concentration of 0.6% was able to kill bacteria with an inhibition zone of 28-33 mm from the initial 
diameter of 9 mm. The results of this study indicate that the percentage of drug released was able to 
kill the Mycobacterium tuberculosis, thus proving that 3D printing scaffold combined with IBS 
paste can be used as a method of treating tuberculosis. 

The results of this study have limitations, especially in the pore design and the properties 
studied are only limited to the pore design in the form of a truncated hexahedron. In fact, there are 
many forms of pore design that can be varied and tested for various physical properties, degradation 
rates, and all of them have not been reported. 

In addition, this research can be developed by testing other characteristics of the 3D printing 
scaffold after the injection of IBS paste through in vitro tests, namely the MTT assay test and anti-
TB test. Another test on the characteristics of the scaffold, namely the in vivo test, can be conducted 
to determine the ability of the scaffold as a substitute for human bone. 

4. Conclusion 
Fabrication of 3D printing scaffold has been conducted with the design of truncated hexahedron. 

Hydroxyapatite combined with gelatin, HPMC, and streptomycin, then injected into the 3D printing 
scaffold as a means of drug carrier and a method of treating spinal tuberculosis. The results show 
that the scaffold has interconnectivity between pores. SEM test results showed that the IBS paste 
had been set in the scaffold and micropores were formed. Based on the results of the EDX test, the 
Ca/P ratio was 1.90 which was close to the hydroxyapatite ratio. Based on the value of the Ca/P 
ratio, it has been proven the presence of HA in the IBS paste. Mechanical tests showed that the 
scaffold for all pore sizes had a compressive strength of 1.49-3.97 MPa and increased to 3.45-4.77 
MPa after IBS injection. Then the bending test showed that the scaffold had a bending strength of 
16.76-36.09 MPa and increased to 21.57-40.36 MPa after being injected with IBS. The drug release 
test showed that the 3D printing scaffold could release 4.944%-6.547% of streptomycin which had 
met the percentage of drug release that was able to kill Mycobacterium tuberculosis. It can be 
concluded that 3D printing scaffold combined with IBS paste can be applied as a drug carrier as 
well as a method of healing spinal tuberculosis. This research can be developed by testing other 
characteristics of the 3D printing scaffold after injection of IBS paste through in vitro and in vivo 
tests to determine the ability of the scaffold as a tissue engineering bone replacement. 
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