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ABSTRACT 
 
In this paper, we are presenting a novel technology for 

bio-scaffold manufacturing. The fabricated scaffold is 
composed of three layers, including 3D-printed PLA in the 
center and electrospun nanofibers of PCL + collagen on 
both sides. The combination of PCL and gellatine for 
nanofibers has 6% wt concentration and a mixture of 
chloroform and dichloromethane (DCM) was used as a 
solvent. A small amount of NaCl was added as an additive 
for homogeneous fiber size. The 200 μm thick scaffold 
demonstrated high mechanical strength while providing a 
good cell growth environment by a high surface area to 
volume ratio. Process parameters such as applied voltage, 
concentration, flow rate and tip-to-contact distance were 
optimized for homogeneous and uniform nanofiber 
generation. Average size of nanofibers were 3.2µm, 2µm 
and 1.2µm at 5kV, 10kV and 15kV of applied voltages, 
respectively. The developed new hybrid bio-scaffold 
combines electrospinning and 3D printing technology. The 
fabricated bio-scaffold provides high strength due to the 3D 
printed PLA scaffold and biocompatible environment due 
to the electrospun PCL nanofibers.  
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1 INTRODUCTION 
 
For tissue engineering, plastic and reconstructive 

surgery, biodegradable or biocompatible material tissue 
scaffolds are required for faster recovery. Typically, bio-
scaffolds are mainly used  in bone or cartilage regeneration 
in medical applications. However, they have also been 
extensively used for skin or tissue regeneration as well as 
possibile organ regeneration by 3D printing [1-2, 5].  

Design and fabrication of tissue engineering scaffolds 
requires interdisciplinary knowledge from areas including 
materials science, biochemical and life science for 
successful cell growth. The use of engineered tissue 
scaffold comprised of biomaterials has been a growing 
research topic and much research has been conducted in the 
past decades[1-4]. 

Many studies have been conducted in vascular tissue 
engineering, tissue defect repair and tissue regeneration [3, 
4]. To be used as a bio-scaffold material, the substance 
should interact with a biological system for therapeutic or 
diagnostic purposes without causing any biological 
disturbance. Biomaterials should provide high surface area 
to volume ratios for good biocompatibility [1,2].  

Because of the high surface area to volume ratio, 
nanofiber-based bio-scaffold has been used as one possible 
biocompatible bio-scaffold. Electrospinning is an efficient 
technique for the fabrication of polymeric nanofibers. In 
recent years, various bio-polymers have been successfully 
electrospun in diverse solvent solutions. Fabrication of bio-
scaffolds using electrospinning(ES) method is possible 
using biodegradable materials such as PCL and PLA. These 
biocompatible materials increase cell adhesion and cell 
proliferation. However, mechanical strength is less due to 
nanofiber’s high porosity, so there have been limits to 
practical use [5].  

3D printing technolgy has opened a new era of 
manufacturing. It has been used for bioengineering 
applications as a rapid method of prototype fabrication. 
FDM (Fused Deposition Modeling) and FFF (Fused 
Filament Fabrication) are two of the most efficient and 
widely used 3D printing processes. Using FDM, a 
biomaterial-based object can be constructed by selectively 
depositing a molten material, typically a thermoplastic 
polymer. 

In this paper, we introduce a new concept for a  hybrid 
bio-scaffold that combines electrospinning and 3D printing 
technology. The developed scaffold provides high strength 
due to the PLA scaffold and biocompatibilty due to PCL 
nanofibers. 

 
2 EXPERIMENTS 

 
2.1 Experimental setups for ES 

An electrospinning (ES) system and a 3D printer were 
used to fabricate tissue scaffolds. The specially designed ES 
machine consisted of precision syringe pump, micro nozzle, 
high voltage power supply and laser visualization 
equipment as shown in Fig. 1. 
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Figure 1 Experimental setup 

 
The high-voltage power supply(a) generates a maximum 

voltage of 30 kV and the high precision syringe pump(b) 
pressurizes the solution to produce the desired flow rate. A 
stainless steel nozzle(c) with an inner diameter of 0.1 mm 
forms nanofibers. In order to monitor the formation of 
nanofibers, a real-time visualization device with a camera 
(d) and a diode laser (e) is prepared. When the diode laser 
hits the nanofibers, the scattered light can be observed in 
real time by the camera. Finally, the entire system is 
enclosed to protect the nanofibers from external disturbance.  

The fabricated nanofibers are gathered on the ground 
electrode(f) which  is made of a 3D printing polymer 
covered with aluminum foil. The shape of the collector 
determined the shape of the finished bio-scaffold. In this 
study, a circular electrode or collector with a diameter of 50 
mm was used. 

Using an FDM-type 3D printer, a scaffold with a 
thickness of 100μm was made from PLA (Fig. 2). Both 
sides of the PLA scaffold were then covered with PCL 
nanofibers. The 3D printed PLA layer provides a 
mechanical strength and PCL nanofiber layers provide a 
cell growth environment. The deposited PLA was ablated 
with a femtosecond laser to form microwells which were 
used for subsequent cell seeding. 

 

 

Figure 2 FDM type 3D printer 
 

2.2 Electrospining process for nanofibers 

The material used for electrospinning is PCL 
(polycaprolactone).  It is a biodegradable material that is 
commonly used for bio-scaffolds. Experimental process 
parameters are PCL concentration, applied voltage, flow 
rate and TCD (tip to  contact distance). The concentration 
was adjusted in the rage of 2 to 8% by weight and PCL was 
dissolved in powder form at a ratio of 7: 3 by a combination 
of chloroform and dichloromethane (DCM) as a solvent. A 
small amount of NaCl was added as an additive for 
homogeneous fiber size. 

As shown in Figure. 3, PCL droplets in solution were 
monitored with a real-time visualizer. Without electrical 
potential (0 V), small droplets adhering to the nozzle by the 
surface tension were observed (Fig. 3a). As the electrical 
potential rises, the dome set becomes thinner and begins to 
form an unstable flow of nanofibers (Fig. 3b). As the 
voltage further increased the fibers stabilized and 
continuous nanofibers were produced  (Fig. 3c). Size and 
stability were dependent on process parameters such as 
concentration, electrical potential, flow rate and TCD. It 
was reported that the electrical potential was the most 
sensitive parameter for results except the concentration, 
however, the concentration is pre-optimized and considered 
to be a fixed varible in process. 

 

 
Figure 3 ES Nanofiber formation (a) no applying voltage, 

(b) low voltage (c) high voltage 
 

Finally, a layer of nanofibers with a thickness of 50 μm 
were spun on both sides of a 100 μm thick 3D printed PLA 
platform. Nanofibers completely covered the PLA surface 
and served as a direct cell adhesion area for bio-scaffolds. 

 
 

3 RESULTS 
 

3.1 Structure of Bio-scaffold 

As a mechanical platform for the bio-scaffold PLA with 
a thickness of 100 μm was fabricated by a 3D printer (Fig. 
4). The produced PLA had a mesh structure that provided 
flexibility yet  strong mechanical base for the bio-scaffold. 
Depending on the application, one can design the mesh 
structure for the required flexibility. In this experiment the 
mesh was constructed with 45 degree angle and 0 degree 
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angle for mechanical strength and mesh size varied between 
100 µm and 500 µm. The rolling direction can be 
predetermined due to mesh structure design. 

 

 
Figure 4 3D printed PLA for bio-scaffold platform 

 
Nanofibers were electrospun on the 3D printed PLA 

platform. The prepared bio-scaffold has a thickness of 200 
μm as shown in Fig. 5 and it is composed of three layers as 
shown in Fig. 5a. A PLA layer with a thickness of 100 μm 
is centrally located and two layers of PCL based nano-
/micro-fibers with a thickness of 50 μm are covered on both 
upper and lower layers.  

A  complete macro-scale bio-scaffold provides 
sufficient mechanical strength of the scaffold with PLA 
fabricated from an FDM type 3D printer (Fig. 5a, b). In 
addition, the nano- and micro-scale bio-scaffold leads to the 
growth of the cell growth environment from electro-spun 
PCL nanofibers (Fig. 5c). For the controlled cell seeding 
locations, a femtosecond laser was used to drill micro-wells 
with a diameter of 400 μm (Fig. 5b). 

 

 
Figure 5 Multi-layered Bio-scaffolds (a) 3 layers of bio-

scaffold, (b) Micro wells on PLA and (c) Nanofibers 

3.2 Characterization of nanofibers 

For the bettwer cell proliferation and cell growth 
environment, 6 wt% PCL was mixed with 6 wt% collagen. 
The mixture was dissolved in a solution of chloroform and 
methanol in a ratio of 7: 3. In addition, a small amount of 
NaCl was also added to the solution for fiber size 
homogeneity. An electrical potential of 15 kV was applied 
between the nozzle and the collector at a distance of 150 
mm. The obtained nanofiber is examined through a 
scanning electron microscope shown in Fig. 6 

 

 
Figure 6 SEM images of PCL+Collagen nanofibers 

 
As shown in Fig. 6, both PCL and collagen were 

homogeneously mixed and they were not separately 
observed by SEM images. The fiber orientation was 
randomly and the nanofibers were in complete contact with 
the 3D printed PLA layer. Because of 3D printed platform 
with PLA, multilayer bio-scaffold provided strong 
mechanical properties including tensile strength and 
durability as well as biocompatible cell growth environment. 

At voltages less than 5 kV, many PCL beads were 
mixed with the fibers(Fig. 7a). However, as the voltage 
increased, the PCL nanofibers gradually became smaller 
and fewer beads were formed. The best results were found 
at a voltage of 15 kV (Fig. 7b). At this electric field setting, 
the most uniform and homogeneous nanofibers are 
produced. Average size of nanofibers were 3.2µm, 2µm and 
1.2µm at 5kV, 10kV and 15kV of applied voltage, 
respectively.  

The concentration of PCL in solvent is also known to 
affect the size of nanofibers. However, the concentration 
was not easy to change in process, but rather it was fixed at 
6% by weight from preliminary experiments. Other 
processing parameters such as TCD and flow rate are also 
known to affect the size and homogenity of fibers, but they 
are considered to be minor factors compared to applied 
voltage and concentration.  
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Figure 7 Uniformity of nanofibers (a) 5kV (b) 15kV 

 
4 CONCLUSION AND DISCUSSION 

 
A hybrid bio-scaffold that combines electrospinning 

technology and 3D printing technology is presented for the 
higher mechanical strength and better cell growing 
environment. The newly-developed bio-scaffold is made of 
PLA and PCL+collagen and it provides high mechanical 
strength as well as biocompatible cell growing environment. 

As a platform of bio-scaffolds, PLA with a thickness of 
100 μm was manufactured with a 3D printer and 50μm-
thick nanofibers were electrospun on both sides. 

The biomaterial used in the experiment were a 
combination of PCL and gelatine for nanofibers and PLA 
for the 3D printing platform. For electrospinning, 6 wt% 
concentration of PCL was  used, and a mixture of 
chloroform and dichloromethane (DCM) was used as a 
solvent. A small amount of NaCl was added as an additive 
to promote homogeneous fiber size. Average sizes of 
nanofibers were 3.2µm, 2µm and 1.2µm at 5kV, 10kV and 
15kV of electric voltage, respectively.  

The bio-scaffold developed in this research is expected 
to have more mechanical strength than ES nanofiber based 
scaffold while still providing a good cell growing 
environment for tissue engineering and reconstructive 
surgery applications. To demonstrate the functionality of 
the bio-scaffold, cell seeding and growing are planed in 
future work. 
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