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ABSTRACT 
 

The aim of tissue engineering scaffold fabrication is to imitate the structural 
and mechanical properties of bone as close as possible. However, the selection 
of optimum scaffold fabrication method becomes challenging due to a variety 
of manufacturing methods, existing biomaterials and technical requirements. 
Although a lot of traditional fabrication methods can be used to produce 
scaffold, unfortunately, each of the conventional methods has lots of 
limitations. In this experimental study, the researcher has come out with a new 
approach technique via DLP-3D printing process in fabrication a novel tissue 
engineering scaffold Poly (ethylene glycol) diacrylate (PEGDA) filled with 
Aramid Nanofiber (ANFs). In this work, the researcher has proved the 
potential and capability of these novel composition biomaterial PEGDA/ANFs 
to be print via DLP-3D printing technique to form a 3D structure which is not 
yet been established and has not reported elsewhere. 
 
Keywords: Biomaterial; Biopolymer composite; Additive manufacturing; 3D 
printing. 
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Introduction 
 
Organ or tissue failure due to trauma or aging is a significant health concern 
because it is expensive and devastating. Nowadays, technology transplantation 
from one individual into another has faced a significant problem to access 
enough tissue and organs for all patient [1]. Also, the problem with the immune 
system with has higher tendency produce chronic rejection and destruction 
over time [2]. The constraints have contributed to a need for a new solution to 
provide needed tissue. This led to the development of tissue engineering (TE) 
to create biological substitutes for repairing or replacing failed organs and 
tissues [3]-[6].  

Tissue engineering has gained more attention in the last decade due to 
its high success in enabling tissue regeneration. The tissue engineering field 
utilizes engineering, life and clinical knowledge to address critical tissue loss 
and issues with organ failure [3], [6], [7]. Tissue engineering also aims to 
produce patient-specific biological substitutes to circumvent the limitations of 
present clinical treatments for damaged tissue or organs. These constraints 
include donor organ shortages, chronic dismissal and cell morbidity [1]. 

Tissue engineering scaffolding technology offers a temporary template 
for biological replacement development, maintenance or enhancement of the 
tissue function or damage to the entire organ [8]–[10]. Tissue engineering 
technology is unique by offering three-dimensional environments for 
particular signalling molecules capable of tissue settings [11], [12]. The 
scaffolds can be either natural, synthetic or hybrid [10]. Tissue engineering 
technique has the ability to produce organs and tissues. It involves in vitro 
seeded human cells that are connected to a scaffold. Then these cells 
proliferate, migrate and distinguish between the particular tissues and recover 
damaged tissues [13]-[15].  

The main objective during scaffold development is to imitate the bone's 
structural and mechanical features as carefully as possible [16]. The scaffold 
manufacturing method should, therefore, be versatile to construct 
biomimetically designed scaffold architectures. Standard methods are 
generally used to build tissue engineering scaffolds. Several traditional 
methods used to construct tissue engineering scaffolds are moulding 
technique, solvent casting, and particulate leaching, gas foaming, and 
electrospinning [17], [18]. Although lots of conventional fabrication methods 
can be used to produce scaffold, unfortunately, each of these methods has 
limitations which they are not able to the internal topology and architecture 
[10], [14]. To the best of our knowledge, none of the traditional methods is 
satisfactory to produce scaffolds with fine control dimensions architecture, 
porosity, and faced with the difficulty of mimicking natural tissue biological 
function [7], [10], [14], [19]. 

Alternatively, to conventional manufacturing methods for scaffolds, 
additive production techniques have recently been developed in tissue 
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engineering, such as the rapid prototype by which various, precisely formed 
layers sequentially produce a 3D scaffold. [20]. Subia et al., (2010) has claimed 
that rapid prototype technique (RP) has drawn tremendous attention with its 
potential to overcome most of the limitations faced by a conventional 
technique for fabrication 3D scaffolds [21].  

Therefore, the present work in this research study is aim to come out 
with new approached 3D printing technique via Digital Light Processing 
(DLP) in fabrication a novel biomaterial PEGDA filled with ANFs which has 
not been reported elsewhere. The composition of new biomaterial, feasible 
printing parameter and their mechanical properties are also discussed detail in 
this work.   
 
Methodology 
 
Resin Preparation  
PEGDA in solid form with molecular weight average Mn 700 was dissolved 
in Dimethyl sulfoxide (DMSO) to get solution with concentrations of 30% wt. 
Aramid Nanofiber (ANFs) has been synthesized based on the method reported 
by Guan et al., (2017). The solution was then magnetically stirred continuously 
for one week at room temperature until a dark red ANF/DMSO dispersion (2.0 
mg/ml) was finally obtained. Figure 1 shows steps involved to split bulk 
Kevlar fibers into aramid nanofibers by deprotonation (removal a hydrogen 
cation, H+) in the solution of DMSO and KOH. 
 
 

 
 

Figure 1: (a) Bulk Kevlar, (b) Kelvar dissolved in DMSO and KOH, (c) 
orange coloured of ANF dispersion after stirred one at room temperature. 
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Fabrication 3D Tissue Engineering Scaffold  
SolidWorks 3D software was used to model scaffold structure design with a 
constant value at of porosity, cell size and the total number of unit cell based 
on the previous literature as shown in Table 1.  Design structure with 79% of 
porosity were said capable to produce higher elastic modulus of scaffold which 
high porosity is important to heal the bone as regeneration surface area for 
bone is increased [22] 
 

Table 1: The unit size of scaffold [22]  
 

 
 
 
Parameters  

 

Lattice Name Lattices with 8 of unit cells 
Cell Size (l/d=1.25) l=10, d=8 
Total number of unit cell 8 
Porous scaffold volume (mm3) 1728.82 
Porosity (%) 79 

 
 

The concentration of Diphenyl (2,4,6-trimethylbenzoyl) phosphine 
oxide (TPO) photoinitiator used has been varied with the aims to initiate the 
crosslinking process of photopolymerization under DLP 3D printing. 
Composition of bio-resin PEGDA: TPO (8:2) and ratio for bio-resin to ANFs 
(9:1) were fixed along with the experiment. In order to identify the effect of 
photoinitiator concentration on 3D profile formation, experiment has been 
conducted by varying the concentration of TPO at 0.5, 1.0 and 1.7 %wt. Result 
of the printed profile was recorded and compared as in Figure 2. 

 
 

 
 
 
 
 
 
 
 

Figure 2: Calibration printing 3D profile 
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Curing time for calibration printing are setup within range 20s up to 180 
s. Result of calibration printing was observed in detail to get the accurate 
dimension of the 3D profile with dimension 3mm thickness and 5mm width. 
The aims of the calibration printing process are to get feasible curing time 
setting for each concentration variation TPO. Detailed process flow diagram 
for manufacturing 3D tissue engineering PEGDA/ANFs illustrated in Figure 
3.  

 

 
 
 

Figure 3: Flow chart of fabrication 3D tissue engineering 
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Mechanical Test  
Compression tests perpendicular to the scaffold plane were conducted. The 3D 
scaffold PEGDA/ANFs was designed in a cylindrical shape (diameter: 0.5 
inches; height: 4mm) according to ASTM standard D695 and printed by DLP 
3D printing.  Compression test was performed using Shimadzu Machine at 
testing speed 1 mm/min at room temperature. At least three samples 
measurement were performed to confirm the reproducibility of data. Stress-
strain curves of the printed scaffold were plotted. Young’s modulus value was 
obtained by fitting a line against a linear region of the data [23]. The stress-
strain curves were drawn and the Young’s modulus value was acquired by 
providing a line against a linear region of the data [24], [25]. 
 
In vitro Biocompatibility Test  
Cytocompatibility study of PEGDA/ANFs scaffold was evaluated as described 
in standard ISO10993-5. 1x105 cells were seeded in 96 well plates overnight 
and cultured till 80% confluence. The scaffold sample was prepared (1 cm 
diameter x 0.5 mm thickness). The hydrogel extract was diluted with DMEM, 
and samples were incubated for 24 h. The solutions in the wells were removed 
after the incubation period and substituted with a new medium.  Subsequently, 
20 mL of MTT reagent in PBS was added to each well and the plates were 
shaken slowly and then incubated at 37 ° C in 5% CO2 for 4 hours. Following 
incubation, the supernatant has been aspired and 200 mL of DMSO has been 
added to each well for 30 minutes. Using ELISA microplate reader, the 
absorption of solubilized formazan product (dark blue) was then evaluated at 
570 nm. 
 
 
Results and Discussion 
 
Microstructure Analysis of Dried ANFs  
ANFs in solution phase was dried in the oven to get a nanofiber mat. The 
morphology of ANFs was characterized under Field Emission Electron 
Microscope (FESEM) images. Figure 4 shows the Kevlar bulk macroscale was 
effectively segregated by the principle of deprotonation into aramid 
nanofibers. The splitting of Kevlar macroscale fibers into nanoscale occurred 
by abstraction of amide reactive hydrogen and hydrogen bond interaction 
between polymer chains facilitating ANFs formation.  The obtained diameter 
of single ANFs is at range ~ 30 nm. 
 
Effect Concentration %wt. of TPO on 3D Profile Printing  
The results effect of photoinitiator concentration on 3D profile formation were 
recorded as in Figure 5. Referring to result, it was observed that high 
concentration TPO (1.7 %wt.) was caused the formation of a thin layer printed 
profile. The thin layer formation of the 3D profile is due to localization of high 



Fabrication a novel 3D tissue engineering scaffold of Poly diacrylate via DLP technique 

7 

free radical initiation closer to the surface which caused the penetration depth 
of the photon’s laser decreased then produced in a tightly cross-linked and thin 
cured profile. The result of a repeated experiment at constant value ratio of % 
wt. PEGDA, TPO and ANFs with lower concentration TPO; 0.5 %wt. and 1 
%wt. shown a clear and thick-3D profile cure formed is desirable at a lower 
initiator concentration 0.5% wt. 
 

 
 

Figure 4: Diameter size of single ANFs under FESEM observation 
 

 

 
Figure 5: Calibration printing profile resin: ANFs at constant 30% wt 

PEGDA with varied concentration of TPO; (a) 0.5 %wt, (b) 1.0 %wt and (c) 
1.7 %wt. 

 
However, the dimension accuracy of printed profile for 0.5 % wt was 

formed non-uniform and not consistence between each profile. On the other 
hands, higher curing time setting for 0.5 % wt TPO was also observed to cause 
inaccurate dimension. Therefore, it can be concluded that 1.0 % wt 
concentration of TPO is said to have much accurate size of printed profile 
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compare than 0.5 % wt and capable to be print perfectly in 3D profile as fast 
as the 70s. 
 
Young’s Modulus Value 
The compression test was performed to evaluate the mechanical properties of 
printed PEGDA/ANFs 3D scaffold. The mechanical value result will 
determine the strength of the scaffold. The Young’s modulus value was 
recorded and obtained from Stress-strain curved plotted (Figure 6). Based on 
the result, PEGDA/ANFs scaffold for ratio composition 9:1 was performed 
their strength value up to 0.17 MPa which correlates to an approximately 88.8 
% higher stiffness compare than pure PEGDA scaffold which shows only 0.09 
MPa. The used of nanofillers will simultaneously improve the stiffness and 
toughness of the polymer.  Nanofiller polymeric resin also was found to be an 
efficient way to enhance the mechanical properties of polymeric composites. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 6: Young’s modulus plotted graph of printed scaffold; (A) Pure 
PEGDA scaffold, (B) PEGDA/ANFs at ratio 9:1. 

 
 
Biocompatibility of PEGDA/ANFs Scaffold 
The extent of cytotoxicity from every composition resin to ANFs was 
quantified and recorded. By referring to ISO 10993-5, percentages of cell 
viability above 80% are considered as non- toxic within 80%–60% weak; 
60%–40% moderate and below 40% strong cytotoxicity respectively [26], 
[27]. As indicated in Figure 7, the percentage of cell viability for the printable 
PEGDA/ANFs scaffold at 9:1 had low toxicity 62.81% which in the rage of 

A 
A B 
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weak toxicity as referring to standard ISO 10993-5. This was shown that the 
PEGDA/ANFs novel scaffold is safe and non-toxic to be used as a function of 
tissue engineering scaffold 

 

Figure 7: Cell viability of MTT assay for PEGDA/ANFs scaffold at ratio 9:1 
 
 
PEGDA/ANFs Porous Structure Scaffold 
In order to access the capability and potential of the novel biomaterials 
PEGDA/ANFs to print with porous structure under DLP 3D printing, the 3D 
scaffold with porous interior design were printed for composition bio-resin 
(1.0 %wt TPO-30% PEGDA) to ANFs at ratio 9:1, and 70s of curing time. Fig. 
8 show the result of 3D printed scaffold with pores. The novel biomaterial resin 
of PEGDA filled with ANFs was successfully and able to print via DLP 
technique with precise pore size and better dimension structure. After post-
curing, the sample of scaffold structure was observed become stiffer due to 
complete photopolymerization under post-curing process. 
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Figure 8: Cell 3D tissue engineering scaffold PEGDA/ANFs with porous 

structure; (a) before post curing (b) after post curing. 
 
 
Conclusion 
 
In the present work, it can be concluded that the fabrication of a novel 3D 
tissue engineering scaffold of PEGDA/ANFs with a perfect profile formation, 
dimension and pores was successfully printed. The use of photoinitiator TPO 
was identified can initiate the photopolymerization of PEGDA with ANFs 
under projector light condition ~405 nm. This study also proved the capability 
and has defined the feasible setting parameter of DLP printing machine to print 
a perfect 3D profile of the novel biomaterial PEGDA/ANFs as a function of 
tissue engineering scaffold which has not been reported up to date. 
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