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ABSTRACT: Two distinct methods have been used for file preparation in bioprinting. Firstly, a 
common printing method in bioprinting is to form lattice structures from repetitive layering of 
horizontal and vertical hydrogel grids. In the second approach, 3D models are sliced into different 
layers and G-codes matching the contour of the model is uploaded into the bioprinter as per each z 
layer increment. This processing method follows similar steps as 3D printing. To fully utilize the 
capability of 3D bioprinting, it is essential to evolve from repetitive layering of materials into 
printing with complex geometries. Of which, one of the considerations in hydrogel-based 
bioprinting is to strategize printing methods to overcome the limited process window for 
bioprinting. In this article, different approaches for file preparation in bioprinting is first reviewed. 
Thereafter, a file segmentation technique is proposed for bioprinting freeform structures. 
Considerati
segmentation process. The distinct advantage of bioprinting in using multi-materials deposition is 
used to form 3D bioprinted construct in a build/support configuration. Lastly, a case study on 
bioprinting a free-standing coil is displayed to highlight the advantages of the proposed file 
segmentation technique. 
 
KEYWORDS: 3D BIOPRINTING, ADDITIVE MANUFACTURING, HYDROGEL, 
MULTI-MATERIAL PRINTING, FILE PROCESSING 
 
INTRODUCTION 
File preparation is a crucial pre-processing step in bioprinting. The blueprint for printing will 
determine the overall structure of engineered construct. Apart from material and cell selection, 
designing the print path in bioprinting is essential for directed maturation of engineered construct. 
Many of the bioprinting setup uses similar data processing techniques as additive manufacturing. 
Computer-assisted designs (CAD) are sliced in layer-by-layer format (.STL or BITMAP images) 
and transferred in numeric
parameters (Billiet et al., 2014, Arai et al., 2011, Lee et al., 2014, Ozbolat et al., 2014). At a 
macroscale perspective, print path for CAD can be designed based on two approaches.  
 
Firstly, in reverse engineering approach, data from medical imaging such as computerized 

(Duan et al., 2013). 
Secondly, computer-aided models are designed using software such as SolidWorks and imported 
into bioprinters (Duan et al., 2014). These models are not obtained from pre-existing physical 
component, which allow greater design freedom. Designing print models from a bottom-up 
approach allows fabrication of models in an optimized form. For instance, a complex vasculature 
network was designed based on simulation for increased nutrient/waste transport efficiency (Liu 
and Wang, 2015, Rezende et al., 2013, Mironov et al., 2009).  
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On a microlevel, common designs in bioprinting has been done using repetitive patterning to 
achieve constructs with height (Zhang et al., 2016). However, many of these bioprinted construct 
deals with printing of single materials. Instead, bioprinting can fabricate multiple materials; 
whereas this capability is essential in producing complex shaped structures with floating features 
and overhanging structures using a build-support configuration (Yap and Yeong, 2015, Francis 
and Jain, 2016b, Gan and Wong, 2016). Build and support materials are chosen for the differences 
in mechanical properties. As such, the supports can be selectively removed after printing (Meisel 
and Williams, 2015). The use of support materials is common in many 3D printing technologies ( 
However, processing print path layer-by-layer underutilizes the ability of coordinate-based control 
over material deposition in bioprinting. There is a need for generating toolpaths that controls 
deposition in x, y, and z directions simultaneously for printing functional materials, mimicking 
architectural organization of native tissues. For instance, the native myocardium walls comprise of 
fibres and cells laid in varying angle orientation across different mural wall (Rohmer et al., 2007). 
The variation in fibre orientation is a simultaneous increase in the x, y, and z direction. From the 
manufacturing perspective, this will require a structural support that allows build material 
deposition on top of the supporting structure. Hence, file preparation for such print paths requires 
effective file segmentation methods to allow depositing materials with simultaneous control in x, 
y, z direction. In this article, the framework for file preparation is established. A comparison 
between conventional and proposed file preparation approach is highlighted.  

Many of existing 3D printing software has the capability to assign support structures needed in a 
build part, layer-by-layer (Yap and Yeong, 2015, Francis and Jain, 2016a, Liu et al., 2014, Sing et 
al., 2015). The purpose for support structure in 3D printing is to provide structural integrity, 
allowing printing of successive layers. Support material is generated to partially or fully 
encapsulate the build part to prevent collapsing of overhanging and floating features (Rodgers, 
2012, Barnett and Gosselin, 2015).  
 
However, processing print path layer-by-layer underutilizes the ability of coordinate-based control 
over material deposition in bioprinting. There is a need for generating toolpaths that controls 
deposition in x, y, and z directions simultaneously for printing functional materials, mimicking 
architectural organization of native tissues. For instance, the native myocardium walls comprise of 
fibres and cells laid in varying angle orientation across different mural wall (Rohmer et al., 2007). 
The variation in fibre orientation is a simultaneous increase in the x, y, and z direction. From the 
manufacturing perspective, this will require a structural support that allows build material 
deposition on top of the supporting structure. Hence, file preparation for such print paths requires 
effective file segmentation methods to allow depositing materials with simultaneous control in x, 
y, z direction. In this article, the framework for file preparation is established. A comparison 
between conventional and proposed file preparation approach is highlighted.  
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Table 1 Comparison on current technology for multi-material deposition and support structure 
generation across additive manufacturing technologies 

Material Form AM technologies 

Multi-
Material 
Deposition 

Support 
Structure 
Generation 

Function of 
support 
structure  

Metal  
 Powder 

Powder Bed 
Fusion 

Selective Laser 
Melting  

Struts  

Support 
floating and 
overhanging 
objects 
Melt pool 
heat 
dissipation 
Prevent 
thermal 
warping 
prevention 

Electron Beam 
Melting  

Directed 
Energy 
Deposition 

Laser 
Engineered Net 
Shaping 
(LENS) 

 
 NA  

Polymer 
 

Powder Powder Bed 
Fusion 

Selective Laser 
Sintering  NA  

Powder Binder Jetting 
Indirect Inkjet 
Printing 
(Binder 3DP) 

 NA  

Liquid 
Material 
Jetting 
 

Polyjet/Inkjet 
Printing  

Partially or 
fully 
encapsulat
e build part 

Support 
floating and 
overhanging 
objects 
 

Solid 

Material 
Extrusion 
 

Filament 
Deposition 
Modelling 

 
Lattice 
scaffolding 
structures  

Support 
weight 
imbalance 

Liquid Bioprinting  

Partially or 
fully 
encapsulat
e build part 

Support 
floating and 
overhanging 
objects 
Improve print 
fidelity 

Liquid Vat 
Polymerization 

Stereo-
lithography  Struts 

Support 
floating and 
overhanging 
objects 
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