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Abstract 

 
In recent years, patient-specific solutions and additive manufacturing (AM) have become increasingly 
important in the treatment of bone defects in studies performed on the medical field. In this direction, additive 
manufacturing methods use in scaffold fabrication, and many advantages of these systems come to the 
forefront. Porosity affects the mechanical properties, biocompatibility, and biodegradability of tissue 
engineering scaffolds. In this study, the effect of different porosity ratios on the mechanical properties of 
scaffolds for polylactic acid (PLA) and polycaprolactone (PCL) scaffolds was studied. With this fabrication 
method can be formed entirely three dimensional (3D) interconnected porous scaffolds with pore size. Three 
different (20%, 35%, and 50%) porosity ratios were determined for both materials, and the mechanical 
properties of the samples were determined by compression test. The scaffolds fabricated with larger pore size 
showed lower mechanical performance compared to scaffolds with smaller pore size. 
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1. Introduction 

 
Scaffolds may be potentially metallic, ceramic, polymeric, natural or composite materials. 
Scaffolds are usually porous up to a ratio, but may also be non-porous[1]. The function of the 
tissue engineering scaffolds is to direct the development of cells by allowing the cells to migrate 
from the surrounding tissue and to assist in cell development within the hollow structure of the 
scaffold.[2]. Scaffolds with appropriate 3D microstructure and biomechanical properties support 
the promotion, development, reproduction and functional differentiation of cell attaching[3]. An 
ideal scaffold must have a 3D and highly interconnected hollow structure, have a biocompatible 
and bioresorbable structure, have a suitable surface structure for cell bonding, and 
differentiation, as well as mechanical properties compatible with the tissue to be applied.[4]. 
 
Biocompatibility, bioactivity, mechanical strength and porosity are some of the main features of 
scaffolding. These requirements can be obtained using biomaterials and AM processes[5]. The 
Fused Deposition Modeling process leaves a molten material fiber, usually made with a plastic 
filament, on a layer using a moving head. The material is heated to a temperature slightly above 
the melting point in the head, then extruded from a nozzle to a layer and cooled until it solidifies 
and forms a layer.[6].  
PLA is semicrystalline, biodegradable, biocompatible, and has found use in several medical 
applications like orthopedic implants, drug delivery systems, and biofabrication[7]. PCL is a 
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biodegradable polymer and is widely used to manufacture tissue scaffolds due to its good 
biocompatibility and excellent mechanical properties[8]. 
 
PLA and PCL have different physical properties and biocompatibility. PLA is an aliphatic 
polyester. PLA has a melting point of 170 ° C, a glass transition temperature of 56 ° C and a 
crystallinity of up to 40%. The PCL has a glass transition temperature of -60 ° C and a melting 
temperature of about 59-64 ° C. PCL has a slow deterioration rate (up to 2 years) and a high 
permeability; Therefore, it is very suitable for long-term implants and drug delivery systems[2].  
 
Scaffolds were produced using polylactic acid, and polycaprolactone materials and scaffolds 
which have three different porosity ratios (20%, 35%, 50%) were fabricated by using Fused 
Deposition Modeling process. The morphology and porosity dimensions of the produced 
scaffolds were examined by optical microscope. Mechanical properties of the scaffolds were 
determined by compression test. 
 
 
2. Material and Method 

 

 

 

 

2.1.  Material 
 
For PLA scaffolds, ready to use 1.75mm diameter filament was used as a material for the fabrication of 
scaffolds, and PCL scaffolds, 1.75 mm diameter filament was fabricated from PCL pellets via extrusion 
process for PCL material, and scaffolds were fabricated with these filaments. 
 
 
2.2. Fabrication and Morphology of Scaffolds 

 
Scaffolds were fabricated via RepRap Prusa i3 3D printer. For the gcode and parameters required 
for the system, Slic3r program was used. In order to obtain a 300 µm strand diameter in the 
fabrication of scaffolds, nozzle diameter and layer height were determined as 300 µm. Printing 
speed and temperature values were identified as 2000 mm / min and 200 °C for PLA scaffolds, 
for PCL scaffolds printing speed and temperature values, were defined as 1200 mm / min and 95 
°C.  Scaffolds which were fabricated for morphology examination are fabricated with 
dimensions of 10 × 10 × 5 mm.  
 
For the compression test, the scaffolds were fabricated with dimensions of 10 × 10 × 20 mm. 
Porosity ratio of  PLA and PCL scaffolds were determined as 20% (PLA20, PCL20), 35% 
(PLA35, PCL35), and 50% (PLA50, PCL50) with printing software.  
  
Zeiss Axio Lab A1 optical microscope was used to examine the morphology of the scaffolds. 
The cross-sectional measurements of the scaffolds were investigated with AxioVision software 
and strand, and porosity dimensions were measured. 
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2.3.  Mechanical Testing 

 
The mechanical test of the scaffolds was examined by compression test. Mechanical properties 
of the scaffolds were obtained by using the Shimadzu 50KN table-top model test system. Data 
from the system is processed with Trapezium X material testing software. With a size of 10 x 10 
x 20 mm scaffolds were tested to be five samples per group, test parameters were determined as 
the speed of 1.3 mm / min and 2KN cell load. The compressive modulus was determined based 
on the slope of the linear region of the stress versus strain curve. Compressive strength was 
determined to calculate by dividing the maximum compressive load applied by the specimen 
during the test by the original minimum cross-sectional area of the specimen. 
 
 
3. Results And Discussion 

 

3.1.  Fabrication and Morphology of Scaffolds

 
Fig. 1 and Fig. 2 show the morphology images of PLA and PCL scaffolds fabricated. Porosity 
size of fabricated scaffolds for PLA50, PLA35, and PLA20, were measured as respectively, 302 
µm to 313 µm, 188 µm to 164 and 98 to 92 (Fig. 1). 
 
 

   

   

(a) 
 

(b) (c) 

Figure 1. Optical microscope images of PLA scaffolds, a) PLA50, b) PLA35 and c) PLA20. 
 

Porosity size of fabricated scaffolds for PCL50, PCL35, and PCL20 were measured as 
respectively, 305 µm to 324 µm, 158 µm to 162 µm ve 73 µm to 97 µm (Fig. 2). As for the 
strand diameters, it has been observed that both materials change within a range of from 290 µm 
to 334 µm(Fig. 1 and fig. 2). The cause for the strand diameters below 300 µm was determined 
by the elongation caused by printing over the pore region of the new strand during the fabrication 
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of the scaffold. It was determined that strand diameters larger than 300 mm be caused by 
extrusion deformation and printing of new strand to none pore size region.  
As a result of the morphological examination, it was determined that the scaffolds were produced 
successfully in both materials and there was no network and strand disconnection in the scaffold. 
 

   

   

(a) (b) (c) 

Figure 2. Optical microscope images of PCL scaffolds a) PCL50, b) PCL35, and c) PCL20. 
 

3.2.  Mechanical Testing 

 
Preferably, a scaffold should have the one of a characteristic which is mechanical properties to 
equivalent those of the tissues at the site of implantation[4]. In addition to mechanical properties, 
scaffolds must provide appropriate pore size distribution for the transport of nutrients and wastes. 
[9]. Fig. 3 shows the stress-strain curves of PLA and PCL scaffolds. Stress-strain curves showed 
linearity regions where each scaffold group exhibited elastic behavior.  
 

  
(a) (b) 

  
Figure 3. Stress-Strain curves: a) Stress-strain curves of PLA20, PLA35, and PLA50 scaffolds, b) Stress-strain 
curves of PCL20, PCL35, and PCL50 scaffolds. 
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As the amount of porosity increased in both materials, respectively, the compression stress, the 
slope of the curves decreased, the elasticity increased and the lowest mechanical performances 
were observed in PLA50 and PCL50 scaffolds. 
 

As compressive strength; In parallel with the elastic behavior of the scaffold groups, the 
compressive strength was increased as the pore rate decreased, and the maximum compressive 
strengths were 79 MPa for PLA20 and 38 MPa for PCL20 when both material groups were 
evaluated among themselves (Figure 4). 
 

  
(a) (b) 

 

Figure 4. Compression strengths: a) compressive strengths of PLA20, PLA35, and PLA50 scaffolds; b) compressive 
strengths of PCL20, PCL35, and PCL50 scaffolds. 
 

 

Conclusions 

 
In this study, scaffolds which have different porosity ratios were fabricated by using PLA and 
PCL materials with using FDM process, and the effect of porosity ratio on the mechanical 
properties of scaffolds was discussed. Scaffolds were fabricated with 20%, 35%, and 50% 
porosity ratio. As a result of the investigation of the scaffolds’ morphology via an optical 
microscope, it is determined that scaffolds are highly porous and interconnected. As a result of 
the compression tests, it has been observed that the compressive strength of scaffolds decreases 
as the porosity ratio increases and it shows higher percent elongation at the stress per unit. 
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