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Hydrogel is a polymer matrix containing a large amount of water. It is similar to extracellular matrix components. It

comes into contact with blood, body fluids, and human tissues without affecting the metabolism of organisms. It

can be applied to bone and cartilage tissues. 

bone regeneration  mechanical property  biocompatibility  biodegradability

1. Introduction

Hydrogel is a kind of polymer network system with water as dispersion medium and a lot of water in the matrix. It is

insoluble in water due to its special cross-linked structure . At the same time, hydrogels are very similar in

physical and chemical properties to most human tissues and consist of polysaccharides and proteins .

Hydrogels usually not only do not affect the body’s metabolic processes, but also allow metabolites to pass through

them to be excreted from the body . They play an important role in regulating cell functions, including cell

migration and binding to cell membrane receptors to transmit signals . In addition, hydrogels absorb water and

reduce friction and mechanical effects on surrounding tissues . Therefore, hydrogels with controllable

degradability, biocompatibility, and good mechanical properties have a broad application prospect . The polymer

system of hydrogels can be used for cell transplantation and differentiation, endogenous regeneration, and

biological repair, wound healing, and continuous drug delivery providing a good matrix , and its three-dimensional

network system can mimic the microstructure of the original extracellular matrix and provide living ecological

conditions for cell survival . In general, the mechanical properties of hydrogels are enhanced with the increase of

polymer concentration, which indicates that the biocompatibility and degradation of hydrogels are low . This

contradiction limits the application of hydrogels in biomedicine. As we all know, the brittleness of hydrogels mainly

comes from irregular structures. Designing a series of high-strength polymer hydrogels with different structures,

such as structures with regular or special networks, has become a solution to this problem . With the deepening

of research, hydrogels with good physical properties have been developed, which have obtained new applications

in the field of biomedicine and promoted the development of medicine (As shown in  Table 1) . This article

describes the morphology and mechanical properties of hydrogels used in bone and cartilage engineering. The

application of hydrogels with special physical properties prepared by different methods in osteochondral tissue

engineering are discussed.

Table 1. Mechanical properties and examples of several hydrogels [12].
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With the rapid development of hydrogels in the field of bone and cartilage tissue engineering, the objective of this

review is to cover the current emerging design development of hydrogels for repairing bone and cartilage defects.

This report is not comprehensive, but it considers the outstanding representatives of this field in recent years,

especially focusing on the water gel changes in the design and processing performance, what makes it have strong

mechanical properties, and the fact that it can adapt to the bone and cartilage tissue engineering high mechanical

performance requirements. 

2.  Hydrogel in Bone/Cartilage Regeneration

Hydrogels can be defined by swelling in the water and maintaining large amounts of water without being dissolved;

it is a three-dimensional crosslinked polymer network structure, it can not only have strength in shape and softness

to allow small molecules through, because some similar features and human body tissue hydrogels are widely

used in bone and cartilage tissue engineering. However, due to the dispersion of a large number of aqueous media

in the gel system and the heterogeneity of the network, the mechanical properties of the gel are poor, which greatly

limits the application of gel. Many researchers have proposed innovative systems to enhance the strength of gels,

which have greatly improved the tensile and compression properties of gels, such as tear energy, Young’s

modulus, elongation, and so on. In recent years, many methods have been developed to enhance gel strength,

such as new double-network hydrogels and chemical/ionic double-crosslinked hydrogels.

In practical clinical use, it is hoped that the hydrogel will have a low strength before being implanted into the bone

or cartilage defect, so that it will have good fluidity. After being implanted into the defect, the hydrogel will be in a

higher strength state. Injectable stimulation-responsive hydrogels provide an important platform for this goal.

Injectable hydrogels encapsulate, manipulate, and transfer their cells and drugs to surrounding tissues in a

minimally invasive manner. Although injectable hydrogels are easy to produce and have low cytotoxicity, generally

they have slow response times and low stability. Over the past few years, many studies have focused on the

synthesis of new injectable hydrogels for repairing cartilage and bone tissue. The main challenges are the

injectable hydrogel bioactive scaffold required for cartilage and bone tissue engineering, full biocompatibility,
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Strength

Tensile
Modulus

Compressive
Strength

Compressive
Modulus

Traditional single network
hydrogel 1–100 kPa <100 kPa 10–100 kPa 1–100 kPa

Double network hydrogel 10 MPa 1 MPa 60 MPa 100 kPa

Tetra-PEG hydrogel 200 kPa 90 kPa 27 MPa 100 kPa

Topological 20 kPa - - 350 kPa

Macromololecular microsphere
composite hydrogel 540 kPa 270 kPa 78.6 MPa -

Nanocomposite hydrogel 255 kPa 16 kPa 3.7 MPa 38 kPa
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biodegradability and stability, excellent mechanical properties for culturing three-dimensional cells, and how to

design the transport of nutrients and growth factors. To address this challenge, in the first place, new injectable

hydrogels can be developed using bioactive materials. Second, more advanced manufacturing methods need to be

developed, primarily to improve mechanical properties and physiological stability and reduce cytotoxicity.

The incompatibility of some hydrogels may also affect the application of hydrogels in bone and cartilage tissue

engineering. For example, polymethacrylate hydrogels, which are generally non-toxic in their own right, cause

inflammation and tissue reactions mainly due to soluble substances in the polymer, which generally include

residual raw monomers, low molecular weight polymers, catalysts, and other additives. Other hydrogels, which

polymerize with ultraviolet light, can also cause cell death if the amount of photoinitiator is too high.

Previous studies on the mechanical properties of hydrogels mainly focused on the macroscopic level to ensure the

mechanical strength of hydrogels, to ensure that hydrogels can withstand the compression force from bone and

cartilage tissue. In recent years, more and more studies have focused on the mechanical effects of hydrogels at

the cellular level. Viscoelastic hydrogels have been used for three-dimensional cell culture. How to precisely

regulate the viscoelasticity of hydrogels may have a great influence on the physiological activities of cells.

Hydrogels have several mechanics that play a key role in cellular activity, including cell proliferation and stem cell

differentiation. These early results suggest that time-varying mechanics may be a unique and key parameter for

regulating cell biology. In addition, depending on the viscoelastic mechanism of hydrogels, the importance of

viscoelasticity and viscoplasticity affecting cellular behavior remains to be elucidated.

In order to construct complex three-dimensional physiological microenvironments, bio-inks based on shear thinning

and self-healing hydrogels have been developed. For extruding-based bio-printing, it is a challenge to support high-

reliability and high-resolution printing structures while ensuring that the cells are not subjected to shear forces

during printing.

Although in recent years much correlation research has been carried out for high strength hydrogel, most studies

focused on the simple increase gel strength; increasing polymer concentration can improve the mechanical

strength, but result in poor biocompatibility and low degradability. This is the principal contradiction in the

mechanical properties of the hydrogel in the field of biomedical applications. In previous studies, the introduction of

non-chemical bonds has become an effective method to improve the strength of hydrogels, but the synergistic

effect between chemical bonds and non-chemical bonds needs to be further studied. How to guarantee the

mechanical strength; to further improve the biocompatibility of the hydrogel; how to maintain the stability of the

hydrogels in the process of permanent replacement; how to implement gel in the temporary support process

controllable degradation; how to better simulate the human body physiological environment; and realize the

structure and function of bone and cartilage regeneration, while ensuring good biocompatibility and

biodegradability, under the premise of development have special physical properties of water gel, is yet to be

explored.
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However, as a biomedical material, it only has high strength and activity, and its biological safety and

biodegradability are far from meeting the actual requirements. Therefore, its biological function is an important

index for the evaluation of biomedical materials. Many researchers have tried their hand at related fields. For

example, 3D printing could be used to create defects specific to bone and cartilage to speed up tissue healing.

Simultaneous defect of bone and cartilage is a common disease in clinical practice. The design of a hydrogel that

can repair bone and cartilage defects at the same time is a research direction. Artificial grafts of bone and cartilage

are often difficult to vascularize after implantation, so hydrogels that guide blood vessels could be a solution. At the

same time, bone and cartilage are easy to be complicated with bacterial infection during wound healing, so it may

have a good clinical application prospect to endow hydrogel with antibacterial properties. Although adhesion

hydrogels have been applied in biomedical applications, most hydrogels show good adhesion only in dry

environments, and adhesion can be significantly reduced or even lost in humid environment or underwater

environment due to swelling and the formation of water molecular layer on the surface of hydrogels. Therefore,

underwater high adhesion hydrogels have always been a hotspot and difficulty in this field. The surface

modification on the macro and dynamic key water gel, the combination of regulation and control of dynamic water

gel super molecular functional groups on the surface of the water gel, arrangement, so that it can rapidly with the

substrate surface hydrophobic forces, thus successfully gives rapid and reversible hydrogels underwater strong

adhesion, solved the difficult problem underwater adhesive. Especially in bone and cartilage tissue repair, in the

context of fluid or blood containing potential applications.


