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ABSTRACT: Alginate is a biocompatible natural hydrogel being explored to create cartilage
replacements either on its own or as part of a composite material. Bioprinting technologies based 
on photopolymerization principles are being used make such structures. In this paper, the effect of 
functionalization time on the mechanical morphology, swelling and degradation characterization
of cross-linked alginate hydrogel is investigated. Alginate, chemically-modified with methacrylate 
groups and different reaction times is considered, by dissolving functionalized alginate with 1.5% 
photoinitiator solution and crosslinked by ultraviolet (UV) light (8 mW/cm2). Results show that by 
increasing the functionalization time, it was possible to obtain alginate material with a high level 
of unsaturation resulting in a less porous structure with high mechanical properties and a reduction 
of swelling. The influence of increasing the prepolymer concentration, reaction time and the 
amount of photoinitiator (PI) on mechanical and biomimetic properties of resulting hydrogels led 
to increased mechanical stiffness when measured at 10% strain. The swelling ratio of 
Photocrosslinked alginate hydrogels was studied and initial findings link this behavior to 
functionalization reaction time.
KEYWORDS: Alginate hydrogel, Polymer, Mechanical behavior, photocrosslinking, swelling, 
degradation, tissue engineering, morphological characterization.

1. INTRODUCTION

Articular cartilage is a load-bearing tissue that covers the ends of diarthrodial joints and 
functions as a low-friction bearing surface and a mechanical damper for bones(Jang et al., 2013).
Even in a harsh mechanical environment, it demonstrates excellent resilience despite its aneural 
and avascular nature. Articular cartilage is a hydrogel-like, matrix-rich tissue that contains 5-10% 
of specialized cells (chondrocytes), which maintain the structural and functional integrity of the 
extracellular matrix (ECM) (Correa and Lietman, 2016). However, it lacks a sufficient intrinsic 
repair response and hence its structure and function are commonly and irreversibly lost following 
trauma and disease (Brody, 2015). As a result, cartilage defects are prone to develop into 
osteoarthritis (OA), the predominant cartilage disease, which is characterized by a loss of cartilage, 
typically progressing from superficial fibrillation to complete erosion down to the sub-chondral 
bone (Madeira et al., 2015). OA causes pain and debilitation and hence severe loss in quality of 
life.
The most common treatment for advanced OA is joint replacement surgery, in which damaged 
joint components (e.g. the distal femur) are removed and replaced with artificial components
(Schon, Hooper and Woodfield, 2016). This typically offers reduction of pain and an increase in 
mobility. However, over time the implants fail and require revision surgeries, which are highly-
invasive, complicated and costly. Thus, alternative treatment strategies are being investigated, 
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Cross-linked alginate structures based on functionalized alginate prepared during 24 hour of 
reaction time swelled up to 55%, while alginate structures based on functionalized alginate
prepared during 8 hour of reaction time 90 %. Moreover, it is also possible to observe that the 
level of functionalization of the pre-polymerized alginate not only determines the internal 
morphology of the cross-linked structures but also the degradation process as shown in Figure 4b.

Figure 4 A) Swelling rate for 2% functionalized alginate (24 and 8) hours reaction time in DMEM 
B) degradation study for 2% functionalized alginate (24 and 8) hours reaction in DMEM

4 CONCLUSION 

Photocurable alginates are being explored for the fabrication of constructs for cartilage tissue 
engineering. This paper investigated the effect of the functionalization process (reaction time in 
the presence of methacrylate) of alginate materials on the morphological, mechanical, swelling and 
mass loss characteristics of cross-linked structures. Based on the results presented in this paper it is 
possible to conclude that high functionalization reaction times originates cross-linked structures 
with less porosity, smaller pores and a larger number of closed pores, less swelling and higher
degradation properties and higher mechanical stiffness. An increase in percentage of swelling not 
only negatively affects the mechanical properties of the hydrogel but also the distance between the 
polymer chains which can also influence cell migration.
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