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2. Brief summary
Articular cartilage has a limited regenerative capacity, and few approaches employed clinically are
capable of restoring long-term function. This research is focused on bridging the gap between
regenerative medicine and the clinic by developing improved cell therapy strategies and advanced
3D printing scaffold technique for repairing damaged cartilage. A proof-of-concept study was
successful completed, where tissue engineered cartilage constructs were able to be fabricated using
cutting-edge biofabrication technologies, where patients' own cells were combined with biomaterials,
to recapitulate the architecture, zonal distribution and intrinsic mechanical properties of native
cartilage.  

3. Photographs
View an attachment by double clicking the icon to the left of the file name. Icons are not displayed and attachments are not
accessible when this PDF is viewed in a web browser; you must open it in PDF reader software.

Printed at 2:04pm on Sunday 17 January 2021                                                 Page 1 of 2

https://get.adobe.com/reader/



Project Title: Engineering Cartilage Constructs using 3D Bioassembly Approach 


Principal Investigator: Dr Khoon Lim, PhD, MRSNZ  


Department: Christchurch Regenerative Medicine and Tissue Engineering Group, 


Department of Orthopaedics Surgery and Musculoskeletal Medicine, University of 


Otago, Christchurch 


___________________________________________________________________ 


Research question: Articular cartilage has a limited regenerative capacity, and few 


approaches employed clinically are capable of restoring long-term function. This 


research is focused on bridging the gap between regenerative medicine and the clinic 


by developing improved cell therapy strategies and advanced 3D printing scaffold 


technique for repairing damaged cartilage. This will involve designing and engineering 


cartilage in the lab by combining patients' own cells with biomaterials, to recapitulate 


the architecture, zonal distribution and intrinsic mechanical properties of native 


cartilage. 


 


Overall Aim: Conduct proof-of-concept study to show that 3D bioassembly of 


functional tissue engineered cartilage is indeed possible, as well as showing enhanced 


tissue formation and maturation  


 


Aim 1: Fabrication of cellular modules for the 3D bioassembly approach 


We have successfully fabricated functional and living cellular modules using a 


patented light activated hydrogel technology (PCT/NZ2016/050192, lead inventor: Dr 


Lim). Human articular chondrocytes and human mesenchymal stem cells were 


encapsulated within gelatin based hydrogels, and showed to be able to secrete hyaline 


cartilage-like extracellular matrix within the gels. The physico-chemical and 


mechanical properties of the cellular modules were tailorable, where cell-laden 


microspheres of different sizes can be easily fabricated using a microfluidics approach. 


We have also further functionalized the gelatin based hydrogels with different bioactive 


molecules such as heparin, silk, and collagen to enhance the production of cartilage 


relevant extracellular matrix components. We have identified that a gelatin and hepatin 


combination is best to support cartilage tissue formation of both the encapsulated 


human articular chondrocytes and mesenchymal stem cells.  


  


Aim 2: 3D bioassembly of functional tissue engineered cartilage construct  


The fabricated cellular modules were further 3D bioassembled into a thermoplastic-


based structural construct that is composed of a biodegradable block co-polymer with 


overall mechanical stiffness that is comparable to native cartilage. The formulation 


optimised in Aim 1 (gelatin + heparin) was selected as the base of the cellular modules. 


We showed that constructs of clinically relevant sizes (2mm) were able to be 


assembled, where the overall compressive modulus of the assembled constructs were 


comparable to native cartilage. Furthermore, the encapsulated cells within the cellular 







modules were able to secrete cartilage tissue post assembly, and remained viable for 


up to 5 weeks.  


 


Overall findings: We have successfully completed this project where both Aims 1& 2 


were accomplished. This project has also led to a number of key outputs summarized 


below.  


 


Outputs:  


Grants: The results obtained from this project has led to a number of successful grant 


applications.  


1. 2019 Health Research Council of New Zealand – Sir Charles Hercus Fellowship 


($500k, 4 years) - 3D Bioassembly of Functional Bone Grafts: A Lego 


Approach. PI: Dr Khoon Lim; AI: Prof Gary Hooper, A/Prof Tim Woodfield 


2. 2018 New Zealand Equine Trust ($230k) - 3D assembly of allogeneic cartilage 


constructs for cartilage repair. PI: A/Prof Tim Woodfield; AI: Dr Khoon Lim, Dr 


Ellison Aldrich, Prof Wayne McilWraith 


3. 2018 Canterbury Orthopaedics Services ($35k, 1 year) - Biofabrication of hybrid 


scaffolds for musculoskeletal regenerative medicine. PI: Dr Khoon Lim; AI: 


A/Prof Tim Woodfield, Prof Gary Hooper 


 


PhD student: The resources and consumables arising from this grant supported the 


PhD studies of Mr Pau Atienza-Roca (thesis submitted 06/01/2020).   


 


Awards: Dr Lim was awarded the “Young Investigator Award 2018” by the 


International Society for Biofabrication.  


 


Results dissemination: The results generated from this project have been 


disseminated in a number of national and international conferences, as well as invited 


talks/seminars.   


Invited talks  


1. Lim KS. “Light Activated Bioinks for 3D Biofabrication”. 1st Australian 


Bioprinting Workshop. University Technology Sydney, Australia. 2019. Invited 


speaker 


2. Lim KS. “The Quest to Tailoring and Controlling Crosslinking Mechanisms for 


Biofabrication” (Invited seminar). Nov 2019, Harvard Medical School, USA.  


3. Lim KS. “3D Bioprinting of Bone, Tissue and Blood Vessels” (Invited speaker). 


Health Research Talks 2019. Christchurch, March 2019. 







4. Lim KS. “Mechanobiology: Why is it important?” Invited lecture to 4th year 


biomedical engineering students at the University of Sydney, Australia. Sept 


2018  


5. Lim KS. “Is 3D BioPrinting the Future of Personalised Medicine” (Invited 


speaker). 2018 New Zealand Rheumatology Association Annual Meeting, 


Wellington. Aug 2018  


6. Lim KS. “3D BioPrinting of Living Cells for Tissue Regeneration” (Invited 


speaker). 2018 Australian and New Zealand Laboratory Animal Association 


Winter Meeting, Christchurch. Jun 2018 


Conferences 


1. Soliman, B.; Lindberg, G.; Juengst, T.; Groll, J.; Woodfield, T.; Lim, K. Finding 


the Balance between Cell Functionality and Shape Fidelity of 3D Bioprinted 


Constructs. International Conference for Biofabrication 2019. Columbus, Ohio, 


USA. Oral Presentation. 


2. Soliman, B.; Lindberg, G.; Juengst, T.; Groll, J.; Woodfield, T.; Lim, K. 


Exploiting Ruthenium-catalyzed Redox-Initiated Crosslinking for 


Cytocompatible Bioprinting of Low-Viscous Bioinks. TERMIS-AP + ABMC7 


2019. Brisbane, Australia. Oral presentation. 


3. Woodfield, T.; Lim, K.; Lindberg, G.; Cui, S.; Alcala-Orozco, C.; Hooper, GJ. 


Biofabrication of the Musculoskeletal Tissue Niche: Tissue Spheroid and Bioink 


Platformds. Queenstown Research Week 2019. Queenstown, New Zealand. 


Invited keynote 
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