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Introduction

Meniscal restoration Artificial meniscus
Meniscus allograft

Meniscectomy Risk of Early OA Total knee replacement Unhealed 
Meniscus tear

Biomimetic 3D-printed meniscus scaffold 

Polycaprolactone/
nanohydroxyapatite (PCL/HA)

Hydrogels

Dual 3D printing 

Hydrogel for inner zone

    (PVA-g-GMA/SF-g-

GMA) 

Hydrogel  for outer zone

(GelMA)

Characterization 

• Physical properties

• Mechanical properties 

• Cell viabilities 

Meniscus tissue engineering 



Objectives

1. To develop a 3D-printed zone-specific meniscus 
scaffold from HA-reinforced PCL/hydrogel that 
mimics the native's meniscus 


2. To identify identify physical and mechanical 
properties of this 3D printed-scaffold compare to 
native meniscus  



Methods

Preparation and characterization 
of 3D-printed PCL/HA

Preparation and characterization of 
3D-printed PCL/HA/hydrogel bio-inks



▪Adding HA significantly improved the mechanical properties of the 3D-printed PCL 
composite. 

▪The PCL/10HA formulation exhibited the highest potential for use in meniscus 

scaffolds, demonstrating superior compressive and tensile properties that closely 
resemble those of human meniscus tissue.

Mechanical properties of 3D-printed PCL/HA



Results 

FE-SEM images of 3D-printed PCL/HA/
hydrogel bio-inks

Optical appearances of 3D-
printed PCL/HA/hydrogel



Results 

Mechanical properties, porosity and surface wettability

of 3D-printed PCL/HA/hydrogel bio-inks

Both zones of 3D-printed PCL/HA/hydrogel scaffolds showed promising properties 



Conclusion

• 3D-printed PCL/HA/GelMA hydrogel for outer zone

• 3D-printed PCL/HA/PVA-g-GMA/SF-g-GMA hydrogel for 

inner zone

• The mechanical properties and porosity are comparable to 

those of the human meniscus, with favorable surface 
wettability.

3D-printed zone-specific meniscus scaffold 
potentially serve as a biomimetic human meniscus. 



References
1. Zhang, K., Li, L., Yang, L., Shi, J., Zhu, L., Liang, H., ... & Jiang, Q. (2019). The biomechanical changes of load distribution with longitudinal tears of 

meniscal horns on knee joint: a finite element analysis. Journal of Orthopaedic Surgery and Research, 14, 1-12. https://doi.org/10.1186/
s13018-019-1255-1


2. Zhang, K., Li, L., Yang, L., Shi, J., Zhu, L., Liang, H., ... & Jiang, Q. (2019). Effect of degenerative and radial tears of the meniscus and resultant 
meniscectomy on the knee joint: a finite element analysis. Journal of orthopaedic translation, 18, 20-31. https://doi.org/10.1016/j.jot.2018.12.004


3. Halili, A. N., Kürüm, B., Karahan, S., & Hasirci, V. (2018). Collagen Based Multilayer Scaffolds for Meniscus Tissue Engineering: In Vivo Test Results. 
Biomater Med Appl 2: 1. of, 9, 2.


4. Bahcecioglu, G., Hasirci, N., Bilgen, B., & Hasirci, V. (2019). Hydrogels of agarose, and methacrylated gelatin and hyaluronic acid are more supportive 
for in vitro meniscus regeneration than three dimensional printed polycaprolactone scaffolds. International journal of biological macromolecules, 122, 
1152-1162. https://doi.org/10.1016/j.ijbiomac.2018.09.065


5. Bahcecioglu, G., Hasirci, N., Bilgen, B., & Hasirci, V. (2019). A 3D printed PCL/hydrogel construct with zone-specific biochemical composition 
mimicking that of the meniscus. Biofabrication, 11(2), 025002.


6. Zhou, Z. X., Chen, Y. R., Zhang, J. Y., Jiang, D., Yuan, F. Z., Mao, Z. M., ... & Yu, J. K. (2020). Facile strategy on hydrophilic modification of poly (ε-
caprolactone) scaffolds for assisting tissue-engineered meniscus constructs in vitro. Frontiers in Pharmacology, 11, 471. https://doi.org/10.3389/
fphar.2020.00471


7. Jian, Z., Zhuang, T., Qinyu, T., Liqing, P., Kun, L., Xujiang, L., ... & Quanyi, G. (2021). 3D bioprinting of a biomimetic meniscal scaffold for application in 
tissue engineering. Bioactive materials, 6(6), 1711-1726.


8. López-Calzada, G., Hernandez-Martínez, A. R., Cruz-Soto, M., Ramírez-Cardona, M., Rangel, D., Molina, G. A., ... & Estevez, M. (2016). Development 
of meniscus substitutes using a mixture of biocompatible polymers and extra cellular matrix components by electrospinning. Materials Science and 
Engineering: C, 61, 893-905. https://doi.org/10.1016/j.msec.2016.01.018


9. Stocco, E., Porzionato, A., De Rose, E., Barbon, S., De Caro, R., & Macchi, V. (2022). Meniscus regeneration by 3D printing technologies: Current 
advances and future perspectives. Journal of tissue engineering, 13, 20417314211065860. https://doi.org/10.1177/20417314211065860


10. Zhu S, Tong G, Xiang JP, et al. Microstructure analysis and reconstruction of a meniscus. Orthop Surg. 2021;13(1):306-313. https://doi.org/10.1111/
os.12899 



Acknowledgement 

This research received funding support from Suranaree University of Technology (SUT), Thailand Science 
Research and Innovation (TSRI) and the National Science, Research and Innovation Fund (NSRF) NRIIS and 
the Research Center for Biocomposite Materials for Medical Industry and Agricultural and Food Industry.

Asst. Prof. Dr. Piya-on Numpaisal

Assoc. Prof. Dr. Yupaporn Ruksakulpiwat 

Dr. Rachasit Jeencham

Miss Sumalee Ponchana


