
Journal of Engineering Science and Technology 
Special Issue on WRICET2016, December (2018) 29 - 38 
© School of Engineering, Taylor’s University 

29 

MECHANICAL PROPERTIES OF BONE SCAFFOLD 
PROTOTYPES FABRICATED BY 3D PRINTER 

MOHD KHAIROL ANUAR MOHD ARIFFIN*, SITI HAJAR FAZEL,  
MOHD IDRIS SHAH ISMAIL, S. B. MOHAMED, ZALIHA WAHID 

1, 2, 3Department of Mechanical and Manufacturing Engineering, Faculty of Engineering, 

Universiti Putra Malaysia, 43400 Serdang, Selangor, Malaysia 
4Department of Manufacturing Technology, Faculty of Innovative Design and Technology, 

UniSZA, Malaysia 
5Department of Mechanical and Materials Engineering, Faculty of Engineering, Universiti 

Kebangsaan Malaysia, 43600 Bangi, Selangor, Malaysia 

*Corresponding Author: khairol@upm.edu.my 

 

 

 

 

 

 

 

 

 

 

 

Abstract 

Additive Manufacturing techniques enable freeform fabricating even for complex 

design part. Human bone is consisted of porous structure and therefore, Additive 

Manufacturing has made production of low quantity with individual personalisation 

and as complex as real human bone now possible. ABS as potential material was 

utilized and porously designed was tested for compressive properties to decide 

whether it suits as bone replacement or not. After testing been conducted to different 

six specimen, it was concluded that the strength and elastics modulus is lower than 

they will be needed to serve expected loadings as human cortical bone. 
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1.  Introduction 

Additive Manufacturing is a new fabricating technique where complex shape is 

ever possible to manufacture. Only by using CAD model in the form ’.stl’ file 

format, fabricating become easier when no mould or tools is required. This new 

technology is most beneficial for biomedical sector as medical related part, such as 

implant, bone replacement is viable even the production is for small lot size and 

must up to individual size customization.  

In orthopaedic area, bone becomes tricky to produce because in order to mimic 

real bone, it has to be porous, biocompatible and poses good mechanical properties 

that it able to cope with load transfers and withstanding mechanical stress [1]. To 

overcome the mismatch of the young´s modulus between metallic implant and 

cancellous bone, the use of porous materials or structures is a promising approach 

[2]. As outlined in Table 1, gained from various literature study are some 

mechanical properties of human bone.  

Table 1. Mechanical properties based on bone type in literature review. 

 Compressive 

Strength (MPa) 

Elastic Modulus 

(GPa) 

Researchers 

Cancellous/ 

Trabecular Bone 

 

7.7 0.1-0.5 [3] 

 0.05-2 [4] 

 0.02-2 [5] 

Cortical Bone 130-220 17-20 [3] 

130-180 12-18 [6] 

 3-30 [5] 

  15-30 [7] 

Polymer is known for its biocompatibility and with good mechanical properties, 

is a suitable candidate to be utilised as bone implant and replacement. In this study, 

ABS-like material is chosen and fabricated using MultiJet Printer technique by 

3DSystem. There already were some studies conducted to determine the 

mechanical properties of ABS, but from different 3D printing techniques, mostly 

by utilising Fused Deposition Modelling (FDM) [8, 9]. 

Compression is widely used to determine the stress/strain behaviour of 

specimen [10] and more favourable to investigate because in real application, 

common loading for bone are compressive and bending [3]. Most current implant 

materials have much higher compressive strength than one bone can with stand [5] 

and therefore, to match the application a one material must match with the strength 

as listed in Table 1.  

The objectives of this study is to measure the compressive strength and elastic 

modulus for porous scaffold of ABS material fabricated by 3D printing. Secondly 

is to compare the stiffness amongst two type of porosity, namely circular and 

lattice square. Additionally, one solid structure is included in the study as 

benchmarking purposes. 

2.  Materials and Methods  

Firstly, the strategy should include the physical structure of scaffold supports the 

polymer/ cell/ tissue construct from the time of cell seeding up to the point where 
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the hard tissue transplant is remodeled by the host tissue [3]. Secondly, the material 

must be selected, and the fabrication procedure should be designed with a 

degradation and resorption rate such that the strength is retained until the tissue 

transplant is fully constructed [4]. Thirdly, the mechanical properties of scaffolds 

should meet the sufficient strength and stiffness to function for time until the new 

tissue replaces the slowly vanishing scaffold matrix [4]. 

2.1. Scaffolds design 

In order to mimic the porous structure of human bone, the specimens were fabricated 

in scaffold designs. As depicted in Fig. 1 (Scaffolds designs) and Fig. 2 (Printed 

designs), a total of six specimens were prepared, comprises of two types of 

specimens; prism block and cylindrical with three different designs each. The first 

design was solid block for benchmarking purposes, hereafter referred as cylinder 

solid and block solid. Secondly, is block with circular shaped pore through, referred 

as Cylinder Circle and Block Circle. Lastly, the third scaffold design was lattice like 

structure with square shaped pores, namely Cylinder Square and Block Square. In 

this study, the two porous designs were chosen as these are the simplest basic type of 

porous structure, suitable with uniaxial compression and no complicated loading 

orientation application. There were some studies conducted on similar bone scaffold 

designs but using different material and processing techniques [11-13]. 

Solidworks® 2012 software (SolidWorks Corporation, Santa Monica, CA, 

USA) was utilized to prepare the ‘stl.’ file format of 3D scaffolds model prior to 

printing step. The testing were in accordance to ASTM D695 (Standard Test Method 

for Compressive Properties of Rigid Plastics) where the two type of specimen for 

compressive testing are cylindrical blocks with dimension of 12.7 mm (diameter ) 

by 25.4 mm (long) and rectangular prism 12.7 mm × 12.7 mm square cross section 

with 25.4 mm specimen length. Pore size is 1 mm × 1 mm for square and diameter 

of 1mm for circle variations. 

Stereolithography (STL) model were printed on 3D System Projet HD 3510 

printer (3D Systems, Rock Hill, SC, USA). The printed specimens were fabricated 

from a photopolymerizable urethane acrylate oligomers (acrylonitrile butadiene 

styrene, ABS) polymer (trade name of VisiJet® M3 Crystal). During printing, 

support of paraffin wax materials was deposited simultaneously to support 

overhanging features. Later on, the wax was removed from the internal structures 

by heating in about 70 ◦C surrounding. This ABS-like polymer, composed of 

urethane acrylate oligomers, has been certified by United States Pharmacopeia 

(USP) as Class VI material, suitable for biomedical purpose because of plastic bio- 

compatibility on a tensile modulus of 1.594 GPa and tensile strength of 35.2 MPa, 

which are closer to the trabecular bone [14]. 

2.2. Compressive test 

To understand the behavior of the structure under compressive loading, the 

specimens have been subjected to uniaxial compressive loading using a servo- 

hydraulic testing machine (INSTRON 8801) by applying a constant 

deformation rate of 1.3 mm/min of 9 kN load cell [12] as shown in Fig. 3. 

Before the procedure, the sample was aligned at the center of the base plate of 

the machine and the load was applied gradually and continuously until it fails 

or the 9 kN of cell was fully loaded. 



32       M. K. A. Mohd Ariffin et al. 

 
 
Journal of Engineering Science and Technology              Special Issue 12/2018 

 

After completion the testing of first sample, the procedure was repeated to the 

other sample and data collection and analyzing was carried out to produce stress-

displacement curve and later transformed to strain-stress relationship curve. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

Fig. 1. Scaffolds design (a) Cylinder solid, (b) Cylinder circle, 

(c) Cylinder square, (d) Block solid, (e) Block circle, (f) Block square. 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

Fig. 2. Printed designs (a) Cylinder solid, (b) Cylinder circle, 

 (c) Cylinder square, (d) Block solid, (e) Block circle, (f) Block square. 
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Fig. 3. Compressive testing and data generating. 

3.  Results and Discussions 

The result of compression tests will be discussed in detail in this section for each 

design. 

3.1.  Cylindrical specimen 

As shown in Fig. 4, Cylinder Solid design was able to withstand the fully 8 kN 

loading without crack being spotted or sign of failure deformation. It is expected 

that the solid design would exhibit the highest mechanical despite of observable 

displacement of the specimen length. Based on Hernandez et al. [15] preliminary 

test shown that no definite point of failure for ABS material compressive test, thus 

the curve are practically capped at a point equivalent to 30% of axial displacement. 

The Total displacement was obtained 9.4 mm from original length of 25.4 mm at 

maximum load of 8000 N.  

Therefore, from calculation, the Elastic Modulus of Cylinder Solid design is 

3.027 GPa and able to withstand at least 631 MPa of pressure. 

 

Fig. 4. Cylinder Solid after compression test and the plots during the test. 
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Next for cylindrical type of sample are with circle and square pores design. As 

can be seen from Figs. 5 and 6, crack can be spotted in different point in each 

sample. For Cylinder Circle type of sample there was vertical crack spotted as well 

as diagonal line of along the specimen. The crack may be initiated by unfused 

material or unwanted pores as stress concentration. Further detail examination 

using microscope will be needed to validate the hypothesis. 

While for Cylinder Square design, crack formation was one side and vertically. 

Upon failing, the sample was able to withstand up to 74 MPa of load. Obviously, 

for solid design, it did not fail even fully loaded (with 8 kN) but as can be seen for 

porous design, they failed under as low as 2.6 kN and 1.2 kN for circle and square 

porous design respectively. 

 

Fig. 5. Cylinder Circle after compression test and the plots during the test. 

 

Fig. 6. Cylinder Square after compression test and the plots during the test. 
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3.2.  Block specimen 

As mentioned before, the solid design was made available for benchmarking 

purposes. Thus, it is not surprising that both solid specimens shown good 

mechanical strength as compared to the porous scaffold. Based on Fig. 7, no failure 

of specimen was observed even after fully loaded.  

 

Fig. 7. Block solid circle after compression test and the plots during the test. 

Different mode of failure was observed on Block circle scaffold design. One 

layer of the side wall cracked and partially delaminated at very low loading which 

was just about 1.19 kN. Image of Block Solid after compressive testing is shown 

in Fig. 8. 

 

Fig. 8. Block circle after compression test and the plots during the test. 
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Similarly, Block square scaffold shown crack and fracture on one corner side 

and complete delamination as shown in Fig. 9. Relatively, the compressive strength 

of this scaffold design is the lowest although the elastic modulus of Block Square 

is comparatively high. 

 

Fig. 9. Block square after compression test and the plots during the test. 

3.3. Comparison of compression test data  

It is noted that the best candidate for bone scaffold must be one of the porous 

biomaterial in order to promote the osteogeneration of host cell after orthopedic 

surgery and its mechanical properties match those of bone such as stated in [16]. 

Despite of highest mechanical properties, both solid structures were excluded from 

the analysis and the study was focused on the other four specimens that equipped 

with porous designs. Table 2 summarizes all the test result for Maximum 

Compressive Strength and Elastic Modulus of each design. From Table 2 it can be 

seen that maximum compressive strength from the test is 205 MPa for porous 

Cylinder Circle type of structure and the elastic modulus was at the pick for Block 

Square with of 1.536 GPa which obtained by formula calculation. However the 

results for the mechanical properties of the scaffolds were only suitable for 

cancellous or trabecular bone but below comparable to that of a human cortical 

bone with compressive strengths measuring at least 130 MPa with elastic modulus 

of 3 GPa the lowest which is about double in the actual data. Figure 10 depicts all 

plots for all designs for easy reference and comparison. 

Table 2. Experiment result on compression test. 

Design Structure Maximum Compressive 

Strength (MPa) 

Elastic Modulus 

(GPa) 

Cylinder Solid 631.0 3.027 

Cylinder Circle 205.0 1.521 

Cylinder Square 74.4 1.291 

Block Solid 496.0 1.690 

Block Circle 75.6 1.176 

Block Square 58.9 1.536 
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Fig. 10. Overall plots for all design. 

4.  Conclusion 

To conclude, the compressive test for three different design for two types of 

specimens was successfully conducted. For six samples, the Compressive Strength 

and Modulus of Elasticity was determined from the plots where as expected, solid 

sample shown good mechanical properties while the porous on the other hand has 

highest elastic modulus of 1.536 GPa by Block Square and highest Compressive 

Strength is by Cylinder Circle, 205GPa. However, the fabricated design showed 

that with the highest or best properties, the printed scaffold only can be utilized as 

trabecular bone but none of the specimen is suitable for human cortical bone as the 

value is very low as compared to the mechanical properties of real (cortical)bone. 

To improve the properties, porosity and pore size may be important aspect to look 

into in future study. Other than that, optimization of the printing is pretty much 

significant to take into account next time. 
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