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Background 
Tissue engineering is a relatively recent field of research involved in the manufacture of replacement body 
parts. Currently, the most common method of achieving this is to grow clusters of cells within a porous 
structure called a scaffold. The cells are grown within the friendly environment of the scaffold until the 
finished part can be placed into its appropriate place within the body. Within the body, the cells grow until 
they can be incorporated into the surrounding tissue. During this time, the scaffold provides the structure 
necessary to maintain the correct shape. Since scaffolds are made using biodegradable materials, 
eventually the scaffold dissolves away until only the healed body part remains. This is the main thinking 
behind tissue engineering. 
 
The Christchurch Regenerative medicine and Tissue Engineering (CReaTE) Group is currently working on 
using another recent technology – 3D Printing – to create scaffolds for cartilage and bone tissue 
engineering. The most well-known form of 3D Printing is polymer (plastic) extrusion printing. These 3D 
printers work by having a print head that can move up and down, as well as from side to side and back and 
forth. It starts by drawing a single layer with plastic, then moves up one layer to print another one. In this 
way, just about any 3D shape can be manufactured. Thus, this is the perfect technology for creating 
scaffolds. This is true especially so as cells are sensitive about where they will and will not grow spatially.  
 
Summer Project – Scaffold Development 
Up until now, it has been demonstrated that simple grid scaffolds can be manufactured and have cartilage 
cells inserted into them. These cartilage cells take the form of ‘spheroids’ – 1mm diameter spherical clusters 
of cells. Large numbers of spheroids are inserted into the scaffold as a ‘3D tissue assembly’ approach to 
cartilage repair. The aim of this project was to work with an automated system of assembly as well as 
develop a more advanced scaffold design to optimize the replacement tissue. 
 
While grid shaped scaffolds are simple, the possibility of better scaffolds could not be ignored. Indeed, 
previous work had scoped out the possibility of using gyroid-shaped as an alternative scaffold structure. 
Gyroids are mathematical shapes that could potentially have excellent porosity and structural properties. 
One of the main aspects of this summer project was to make further developments into the development 
and 3D Printing of gyroidal scaffolds.  
 
For this end, several tools were developed for working with gyroid models. The first of which enabled 3D 
computer models to be generated and exported at sensible scales. Once this had been achieved, the 
relationship between the mathematical equation and desired properties could be successfully investigated. 
If gyroids are ever used for real world scaffolds, it will be very important to be able to both know and control 
properties such as the porosity and hole sizes. The porosity is important to control because spheroids 
(clusters of cells) grow better in more porous environments. But if the structure is made too porous, it will 
not be strong enough for its desired application. Since the desired strength can vary (e.g. bone tissue vs 
regular tissue), so the porosity must also vary. Hole sizes must also be controllable so the spheroids 
(approximately 1mm in diameter) can be placed into the scaffold and remain fixed in place.  
 



   

Ideally, one would like to be able to solve for these properties analytically (by changing the equation into a 
form that yields the desired properties), but as is often the case in the real world, the equation was too 
complicated. Thus, these properties had to be approximated computationally (with a computer). The second 
tool to be developed took each individual model and determined the size of the hole in that model. Thus, 
with enough models over a range of mathematical parameters, the hole size for any input parameter could 
be determined, meaning that a range of scaffolds could be fabricated to fit a range of cell spheroid sizes. 
 
A similar process was also taken for the porosity of the gyroids. Numerous models were generated, and 
loaded into a capable piece of 3D modelling software. This software could measure the volume of the 
models, and from this the porosity could be deduced.  
 
As a result of both of these endeavors, a sample gyroid could be generated and then printed on the 3D 
Bioprinter device. The bioprinter used a 22 gauge nozzle, which extrudes ~0.2mm diameter plastic, and the 
scaffold was nominally 70% porous. Preliminary prints were promising, with 3D gyroid scaffolds having 
acceptable resolution and remaining intact and rigid. Further print refinements are currently being evaluated. 
 
Another aspect to this project was to further our ability to automatically assemble complete scaffolds with 
the spheroids built into them using alternating multilayered stacks of printed plastic and placement of cell 
spheroids. The advantage of doing this is that the spheroids could be held firmly in place rather than simply 
falling out.  
 
There are a number of challenges in this approach. One of these was the concern that 3D printing hot 
plastic in close proximity to live cells. The print nozzle usually runs at around 200°C. Fortunately, the plastic 
cools down very quickly as it leaves the nozzle. One of the proposed ways to counter this was to have the 
spheroids, and possibly the entire print, submerged in cell friendly culture media.  
 
We demonstrated that hot plastic can indeed be printed onto cold plastic without seriously compromising the 
mechanical properties of the scaffold. A taller than normal grid scaffold was printed in four parts, with time to 
cool in between each part. The result is a scaffold with no noticeable differences compared to its in-one-go 
counterparts.  
 
We are currently investigating the optimal technique to prevent cells being damaged by heat during the 3D 
printing and spheroid assembly process.  Preliminary tests have been undertaken to control the level of 
culture media during the print process to allow cell spheroids to remain hydrated and at acceptable 
temperature.  
 
Development of gyroids as scaffolds has so far yielded promising results. It has been demonstrated that 
properties can be individually controlled, and that realistic resolutions yield promising results. Work still 
needs to be made on print quality. Work into multi-layered prints has also made progress over the course of 
this summer project. Heat affected cells may or may not be an issue in the end, but further testing is 
required to validate any such conclusion.  
  
The further development of multilayered approach from this summer studentship will allow complex 
scaffolds and cell spheroids to be assembled for tissue engineering applications in cartilage and bone 
repair. This will address the large demand for regenerative medicine strategies clinically to repair damaged 
and diseased cartilage e.g. people with osteoarthritis, as well as for repair of large bone defects. 
 
 


