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Opinion

Osteoarthritis (OA) is a chronic joint condition affecting 
over 250 million people worldwide [1]. Along with a significant 
impact on health-care and society, the Global Burden of Disease 
Study from the World Health Organization reported that knee 
OA is the 11th leading cause of disability, and shows a growing 
trend [2] Although it may damage any joint in the human body, 
the most common disorders affect joints in the hips, knees, 
hands and spine. Thus, with a society facing a demographic 
transformation, with an epidemic increase of obesity, integrated 
interventions to weaken the problem are mandatory. Each year, 
more than 50 million people visit doctors because of joint pain; 
half of them with a damage of the articular cartilage.

Apart from not being possible to reverse the underlying 
process, in its early stages OA symptoms can usually be effectively 
managed. In fact, adopting a healthy lifestyle may slow the 
disease progression, and help improve joint function and reduce 
pain [3]. On the other hand, in the following stages, surgery 
may be required. Thus, significant efforts are being developed 
worldwide in the fields of tissue engineering and regenerative 
medicine, but full cartilage restoration remains a paramount 
challenge [4]. Tissue engineering is a multidisciplinary scientific 
field, which applies a wide variety of methodologies. Therefore, 
multidisciplinary research teams can provide suitable inputs 
for its development [5]. One of the major goals is to produce 
biological substitutes to restore, maintain or improve tissue 
function, using biocompatible and biodegradable support 
structures, i.e. scaffolds, in conjunction with human cells [6].

Gathering tissue engineering and regenerative medicine, 
researchers have been interested on developing alternative 
approaches for restoring joint functionality. For instance, 
the creation of constructs with a structure and composition 
resembling native cartilage and yielding similar mechanical 
behavior [7]. To do so, one of the most promising methodologies 
involves the use of additive manufacturing (AM) processes.  AM 
technologies allow the production of complex 3D structures 
with a high level of control, predefined geometry, size and 
interconnected pores, in a reproducible way. This controlled  

 
organization enhances the vascularization and, thus, transport of 
oxygen and nutrients throughout the whole structure, providing 
an adequate biomechanical environment for tissue regeneration 
[8]. However, adapting the adequate technology with enhanced 
biomaterials, to obtain customized implants that mimic the 
native tissue, remains an utmost challenge to be solved. 

Cartilage is a tissue with a huge complexity, which is 
present in the human body in three types: hyaline cartilage, 
fibrocartilage and elastic cartilage. Apart to some resemblances, 
these types are quite different and play unlike roles for human 
functionality. For instance, the hyaline cartilage, also known 
as articular cartilage, has a major role in providing joints with 
a surface that combines low friction with high lubrication. A 
deeper knowledge on cartilage characterization, bridging the 
gap between anatomy and physiology, may lead the way for 
better implants aiming cartilage repair and regeneration [9]. 
This is of even more interest as cartilage is an a vascular tissue 
of the human body, hence with an extremely low capability for 
tissue regeneration. Regardless of the low metabolic activity and 
relatively poor ability to heal of chondrocytes, hyaline cartilage 
is a dynamic and responsive tissue, where the contribution of 
cell produced extracellular matrix components play a major role 
[10]. It is well documented in the literature that hyaline cartilage 
has remarkable mechanical properties (elastic modulus of 
~123MPa; mechanical tensile strength of 17 MPa; compressive 
modulus varying between 0.53 and 1.82 MPa; and compressive 
stress between 14-59 MPa) [11] and lasting durability, despite 
its few millimeters of thickness. The referred complexity and 
properties, demonstrate the challenges faced by research groups 
aiming to fully restore cartilage functionality [12-14].

Concluding, in the last years, the world has assisted an 
increase in the number of debilitating conditions and severe 
pain caused by cartilage defects, being the scientific and clinical 
community aware of the major problem that our society is 
facing. Regarding treatment, tissue science and regenerative 
medicine have emerged as promising disciplines concerning 
tissue and/or organ repair and regeneration. In fact, choosing 
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the right approach for tissue regeneration is a major concern for 
every researcher in this field. However, although there has been 
a huge amount of work aiming to regenerate cartilage, a tailored 
construct has not been achieved yet.

Acknowledgement

This research is supported by the Portuguese Foundation 
for Science and Technology (FCT) through the projects UID/
Multi/04044/2013 and PTDC/EMS-SIS/7032/2014. 

References

1.	 Hunter DJ, Schofield D, Callander E (2014) The individual and 
socioeconomic impact of osteoarthritis. Nat Rev Rheumatol 10(7): 
437-441.

2.	 Lohmander LS (2013) Knee replacement for osteoarthritis: facts, 
hopes, and fears. Medicographia 35: 181-188.

3.	 Juhl C, Christensen R, Roos EM, Zhang W, Lund H (2014) Impact of 
Exercise Type and Dose on Pain and Disability in Knee Osteoarthritis: 
A Systematic Review and Meta‐Regression Analysis of Randomized 
Controlled Trials. Arthritis & Rheumatology 66(3): 622-636.

4.	 Woodfield T, Lim K, Morouço P, Levato R, Malda J, et al. (2017) 
Biofabrication in Tissue Engineering. In Reference Module in Materials 
Science and Materials Engineering. 

5.	 Hutmacher DW (2000) Scaffolds in tissue engineering bone and 
cartilage. Biomaterials 21(24): 2529-2543.

6.	 Malda J, Visser J, Melchels FP, Jüngst T, Hennink WE, et al. (2013) 

25th anniversary article: engineering hydrogels for biofabrication. 
Advanced Materials 25(36): 5011-5028.

7.	 Kock L, van Donkelaar CC, Ito K (2012) Tissue engineering of functional 
articular cartilage: the current status. Cell Tissue Res 347(3): 613-627.

8.	 Zadpoor AA, Malda J (2017) Additive Manufacturing of Biomaterials, 
Tissues, and Organs. Ann Biomed Eng 45(1): 1-11.

9.	 Mouser VHM, Levato R, Bonassar LJ, D’Lima DD, Grande DA, et al. 
(2016) Three-Dimensional Bioprinting and Its Potential in the Field of 
Articular Cartilage Regeneration. Cartilage 1947603516665445.

10.	Baker MI, Walsh SP, Schwartz Z, Boyan BD (2012) A review of polyvinyl 
alcohol and its uses in cartilage and orthopedic applications. Journal of 
Biomedical Materials Research Part B: Applied Biomaterials 100(5): 
145-1457.

11.	Sargeant TD, Desai AP, Banerjee S, Agawu A, Stopek JB (2012) An in 
situ forming collagen–PEG hydrogel for tissue regeneration. Acta 
Biomaterialia 8(1): 124-132.

12.	Paunipagar BK, Rasalkar D (2014) Imaging hyaline cartilage. The 
British Journal of Radiology 24(3): 237-248.

13.	Butler DL, Goldstein SA, Guilak F (2016) The Role of Biomechanics in 
Tissue Engineering. Austin J Biomed Eng 3(1): 1035.

14.	Shin H, Olsen BD, hosseini KA (2012) The mechanical properties 
and cytotoxicity of cell-laden double-network hydrogels based on 
photocross linkable gelatin and gellan gum biomacro molecules. 
Biomaterials 33(11): 3143-3152. 

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

                         Track the below URL for one-step submission 
               https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/CTBEB.2017.04.555633

http://dx.doi.org/10.19080/CTBEB.2017.04.555633
https://www.ncbi.nlm.nih.gov/pubmed/24662640
https://www.ncbi.nlm.nih.gov/pubmed/24662640
https://www.ncbi.nlm.nih.gov/pubmed/24662640
http://www.medicographia.com/2013/10/knee-replacement-for-osteoarthritis-facts-hopes-and-fears/
http://www.medicographia.com/2013/10/knee-replacement-for-osteoarthritis-facts-hopes-and-fears/
https://www.ncbi.nlm.nih.gov/pubmed/24574223
https://www.ncbi.nlm.nih.gov/pubmed/24574223
https://www.ncbi.nlm.nih.gov/pubmed/24574223
https://www.ncbi.nlm.nih.gov/pubmed/24574223
http://www.sciencedirect.com/science/referenceworks/9780128035818
http://www.sciencedirect.com/science/referenceworks/9780128035818
http://www.sciencedirect.com/science/referenceworks/9780128035818
http://www.sciencedirect.com/science/article/pii/S0142961200001216
http://www.sciencedirect.com/science/article/pii/S0142961200001216
http://onlinelibrary.wiley.com/doi/10.1002/adma.201302042/abstract
http://onlinelibrary.wiley.com/doi/10.1002/adma.201302042/abstract
http://onlinelibrary.wiley.com/doi/10.1002/adma.201302042/abstract
https://www.ncbi.nlm.nih.gov/pubmed/22030892
https://www.ncbi.nlm.nih.gov/pubmed/22030892
https://www.ncbi.nlm.nih.gov/pubmed/27632024
https://www.ncbi.nlm.nih.gov/pubmed/27632024
http://journals.sagepub.com/doi/abs/10.1177/1947603516665445
http://journals.sagepub.com/doi/abs/10.1177/1947603516665445
http://journals.sagepub.com/doi/abs/10.1177/1947603516665445
http://onlinelibrary.wiley.com/doi/10.1002/jbm.b.32694/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jbm.b.32694/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jbm.b.32694/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jbm.b.32694/abstract
https://www.ncbi.nlm.nih.gov/pubmed/21911086
https://www.ncbi.nlm.nih.gov/pubmed/21911086
https://www.ncbi.nlm.nih.gov/pubmed/21911086
https://www.ncbi.nlm.nih.gov/pubmed/25114386/
https://www.ncbi.nlm.nih.gov/pubmed/25114386/
file:///C:/Users/raj/Desktop/PDF%27S/CTBEB.MS.ID.555633/CTBEB-OP-17-689_W/v
file:///C:/Users/raj/Desktop/PDF%27S/CTBEB.MS.ID.555633/CTBEB-OP-17-689_W/v
http://www.sciencedirect.com/science/article/pii/S014296121101533X
http://www.sciencedirect.com/science/article/pii/S014296121101533X
http://www.sciencedirect.com/science/article/pii/S014296121101533X
http://www.sciencedirect.com/science/article/pii/S014296121101533X
https://juniperpublishers.com/online-submission.php

	Title
	Opinion
	Acknowledgement

