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Introduction

As we all know, the main purpose of tissue engineering scaf-
folds is to provide a good environment for the growth of cells 
and tissues, and gradually degrade with the construction of tis-
sues, providing cells and tissues for new space. Tissue engineer-
ing scaffold material is the focus of tissue engineering research. 
It has good development prospects and potential economic 
benefits, and has gradually become one of the most developed 
industries.

Requirements for scaffold materials in tissue engineering: 
The behavior of cells in organs or tissues is not only determined 
by the internal gene sequence of cells, but also affected by ex-
ternal environmental factors, that is, the interaction between 
cells and extracellular matrix. It is well known that extracellular 
matrix can not only promote the growth of cells, play a protec-
tive role, but also make it interact with cells, adjust the mor-
phology of cells, and then have a certain impact on cell survival 
and proliferation. In the whole tissue engineering research, rea-
sonable design and preparation is helpful to the adhesion and 
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proliferation of seed cells, which is a very important material. 
The extracellular matrix consists of balanced proteoglycans, 
glycoproteins and filamentous collagen fibers [1]. In general, 
the best extracellular matrix has the following characteristics, 
specifically: 

(1) It has good biocompatibility, which can effectively reduce 
the occurrence of inflammation and toxicity. 

(2) It has strong absorbability and can be absorbed by its 
own tissues [2]. 

(3) It can form a variety of three-dimensional structures and 
maintain a certain shape after entering the body. 

(4) The chemical properties and microstructure of the sur-
face can promote cell adhesion and growth to a certain extent. 

(5) The degradation rate can be adjusted reasonably accord-
ing to the actual situation.
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Scaffold materials that can be used

Natural materials: In general, natural polymers mainly in-
clude collagen, fibrin and so on [3]. They have high biocompat-
ibility and cell recognition signals, which can help cells to ad-
here and proliferate. Natural materials are widely recognized 
for their objective price, wide variety and biocompatibility [4].

Collagen itself: In general, collagen is present and abundant 
in mammalian bodies. In the actual evolution of collagen, the 
original amino acid sequence is not disordered. Therefore, the 
scaffolds made in this way have good biocompatibility and no 
antigenicity, which are approved by FDA and widely used in 
hemostasis, wound recovery and tissue regeneration rust in-
ducer. The signal skin sequence of collagen can play a certain 
role in recognition, help cells recognize scaffold materials, and 
make the phenotype and activity of cells more coherent. For 
example, bovine type I collagen has been widely used in tissue 
engineering scaffolds [5]. Ye et al. Used collagen as the scaffold 
material of tissue engineering, successfully constructed tissue-
engineered heart valve, and implanted it into sheep pulmonary 
valve, which also achieved certain good results [6]. According 
to the relevant investigation, it was found that the size of the 
biomaterial cardiac patch made of collagen scaffold material did 
not change substantially after implantation, with good elasticity 
and high contractility. In the tissue-engineered myocardial tis-
sue made of liquid collagen, myocardial cells can be evenly dis-
tributed in the whole band, and have good tensile properties. 
The nucleus is long spindle, similar to the natural mature myo-
cardial tissue. Collagen is used as raw material to establish tis-
sue engineering scaffold by rapid prototyping, which can design 
and process materials by computer, and promote the smooth 
development of tissue engineering scaffold.

Fibrin: Fibrin is the most widely used biomaterial in the 
development of medical materials [7]. As a part of the natu-
ral extracellular matrix, fibrin has a good role in mediating in-
tercellular signal transduction. Fibrin alone can form fibrin gel 
with three dimensional network structure under the influence 
of thrombin. The fibrin gel formed by polymerization can pro-
mote cell adhesion, proliferation and secretion of more matrix 
by releasing B transforming factor and platelets, and has strong 
biocompatibility. In addition, fibrin gel has a strong molding 
ability, which can reduce thrombin concentration and prevent 
fibrin polymerization, thus providing time for gel formation. 
Such fibrin gel is usually derived from the blood of the body. It 
can effectively reduce the occurrence of immunogenicity and is 
a better extracellular matrix material [8]. Fibrin gel composite 
chondrocytes were combined with thymus free skin. After 12 
weeks of observation, the new cartilage was transparent carti-
lage, and the wet weight of aminoglycan and cartilage was simi-
lar to that of normal cartilage. Compared with the traditional 
artificial bone/BMP, fibrin can better absorb cartilage defects, 
but it has the problem of poor mechanical strength [9].

Chitin: Chitin is a kind of natural polysaccharide which is only 
lower than cellulose, and mainly exists in insects, crustaceans 
and so on. Chitin and its derivatives are an important part of 
lower animals and plants, and are also positively charged poly-
mers. They are non-toxic and non-irritating, and can be used in 
artificial skin and surgical suture [10].

Hyaluronic acid: Hyaluronic acid, also known as hyaluronic 
acid, is mainly present in animals, human tissues and extracellu-
lar matrix, and is high in aqueous humor, synovial fluid, skin and 
umbilical cord. In addition, hyaluronic acid is a natural macro-
molecular straight chain polysaccharide, which is recognized as 
a natural moisturizing factor. Hyaluronic acid macromolecules 
are easily degraded to produce H2O and CO2 [11]. At present, 
hyaluronic acid is a kind of medical material with high absorp-
tion molecules, which is widely used in ophthalmic surgery, 
joint disease treatment and so on. In addition, if the condition 
is neutral or acid is mild, a kind of material with low absorption 
rate and slow degradation rate is obtained, which has certain 
mechanical properties and can be used in bone tissue materials.

Silk: Silk, one of the natural polymer materials, has stronger 
mechanical properties. Compared with the traditional artifi-
cial synthesis, silk has better biocompatibility and can degrade 
polymer better. It is widely used in the development of medical 
industry. For example, silk fibroin based surgical suture has no 
antigenicity in human body and will not form thrombosis. It is a 
kind of natural biological fiber with good biocompatibility and 
mechanical properties. To some extent, the anticoagulant prop-
erty of silk fibroin film can be improved by ion treatment on the 
surface of the film and combining with sulfonic acid group. In 
China, silk fibroin membrane has been made into tubular mate-
rials and applied in the construction of artificial blood vessels, 
which has achieved good results [12].

Gelatin: The application of gelatin sponge in tissue engineer-
ing scaffold material [13], combined with homologous rat myo-
cardial cells, can establish a fluctuating patch with physiologi-
cal function. The patch can be replaced by the anterior wall of 
rat right ventricular outflow tract. With the degradation of the 
scaffold material, the patch becomes thinner, and inflamma-
tion may occur after surgery. After a period of time, the scaf-
fold material will degrade, the inflammation will disappear, and 
the patch will root and it beats according to the beating of the 
heart.

Synthetic polymer materials

Polylactic acid and its copolymers: As we all know, polylactic 
acid is a kind of poly (lactic acid) with three isomers. It can be 
degraded in the body to form lactic acid, which is the metabolic 
product of sugar. However, after degradation, PLA can form light 
glycolic acid, which can guarantee the metabolism of the body. 
These polymers are thermoplastic plastics, which can be pro-
cessed into various structural shapes by extrusion and solvent 
casting. They have the characteristics of non-toxic and biocom-
patibility. They are widely used in food and drug management 
in the United States, and become the main materials for medi-
cal suture and display scaffold. Poly (lactic acid) (PLA), poly (light 
glycolic acid) and their copolymers are the most widely used 
extracellular matrix materials for tissue engineering, but there 
are some limitations. Specifically speaking: 

(1) Hydrophilicity and cell adsorption capacity are relatively 
poor. However, the scaffold can be pre wetted by ethanol in two 
steps, so as to improve the hydrophilicity and ensure that the 
cells can be evenly spread on the surface of the scaffold, which 
can help increase the number of fibrovascular endothelial cells 
after body transplantation [14]. 
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(2) There is aseptic inflammation. After the use of polylactic 
acid and poly (light glycolic acid), patients will have non-specific 
aseptic inflammation, and the relative molecular weight deg-
radation products can be increased to a certain extent. If the 
average molecular weight of polylactic acid is less than 20ku, 
the incidence of aseptic inflammation is higher. At present, 
most people think that the main reason of aseptic inflamma-
tion is due to the direct relationship between acid degradation 
products and polymer degradation. Therefore, the combination 
of calcium carbonate, sodium bicarbonate and polymer can 
reduce the pH value and effectively reduce the occurrence of 
aseptic inflammation. 

(3) Insufficient mechanical strength. 

(4) The residual organic solvents in polymers are toxic, which 
can easily lead to fibrosis and the decrease of immune capacity 
of surrounding tissues.

Poly acid blending: The polymerization of Fusic acid is an 
important part of polyacid. It is connected with acid and is un-
stable in water. It is easy to hydrolyze into fusidic acid. At the 
present stage, there are many kinds of polyacids, such as ali-
phatic cluster polyacids and polyphthalamic acid ligands, which 
are relatively active and unstable in water. Fatty acid clusters 
may degrade in a few days, while aromatic polyacids may de-
grade completely in a few years. Combining the characteristics 
of the two organically, the composition of the two monomers in 
the main chain is configured according to a certain proportion, 
which can effectively control the performance of the material 
and explain the speed [15].

Polybutyric acid: Polybutyric acid is generally isolated from 
bacteria, and then found in many bacteria, such as local bac-
teria, red Spirillum, etc. Polybutyric acid (PBA) is a kind of bio-
degradable material with good biocompatibility [16]. It can be 
used in medium and long-term controlled-release drugs be-
cause of its long degradation time. Embedding fibronectin in 
polybutyric acid can promote the adhesion of polybutyric acid 
materials to cells.

Poly (coumarin): According to a large number of studies, a 
highly porous polyalkane foam has been developed. The degra-
dation product is poly (B) -3 light butyric acid, which is shaped 
by small particles. It is usually detected by phagocytic cells, os-
teoblasts and polycoolane foams in vitro. The biocompatibility 
of poly urethane is found. The final result is phagocytic cells and 
osteoblasts, which are all normal. There is no cell damage in 
[17]. Compared with the tissue culture in poly (ethylene pro-
pylene), the cell adhesion and proliferation of PCU were better. 
The degradation product of poly (coumarin) is based on the fact 
that acid can phagocytize macrophages, and osteoblasts have 
certain phagocytic capacity, and can also be used as nerve con-
duit materials. Chondrocytes cultured in poly urethane foam 
showed that the cells had good adhesion and phenotype, and 
grew well on the surface and pore size of the material [18].

Nano polymer scaffold materials: Nanotechnology is to ma-
nipulate atoms and molecules in 1-100 nm space, so as to pro-
cess and design materials, and finally form products; or to con-
duct in-depth research on materials, and to be familiar with the 
motion laws and characteristics of molecules and atoms. Nano 
block materials have been prepared by inert gas agglutination, 
and the concept of nanomaterials has been put forward. With 
the development of nanotechnology, it has been widely used 
in tissue engineering, mainly as scaffold materials. Nanoma-

terials have unique advantages, as scaffold materials can pro-
mote cell growth and tissue regeneration. In addition, the pore 
diameter of porous polymer scaffolds is closely related to cell 
adhesion, growth and proliferation [19]. Although natural multi 
empty extracellular matrix has many advantages, it also has 
some disadvantages. Specifically speaking, it is easy to cause 
the occurrence of allogeneic diseases [2]. Immune response is 
easy to occur. In order to effectively avoid the occurrence of the 
above situation, the relevant staff through the particle precipi-
tation technology and phase separation technology to synthe-
size porous polymer materials similar to animal collagen, such 
as polylactic acid, polyglycolic acid, etc. with the deepening of 
research, polylactic acid and agarose or inorganic salt particles 
are combined, while phase separation technology is also inte-
grated into other processes, gradually. Four kinds of nanofiber 
scaffolds have been formed, which are uniaxial tubular macro-
porous structure, orthorhombic macroporous network struc-
ture, spiral tubular macroporous structure and multilayered 
macroporous structure. These scaffolds can not only promote 
cell adhesion, localization and proliferation, but also be affected 
by the migration and distribution of cells by the micro structure, 
so that the information between cells can be transmitted faster, 
and it can be made according to the actual situation Shape res-
toration [20].

Conclusion

In a word, tissue engineering is a new and developing sub-
ject, which can provide help for people’s healthy life and life 
extension. The ultimate goal of tissue engineering scaffolds is 
to be used in clinical practice, so we need to fully consider the 
performance of materials, and then provide convenience for 
surgery, that is, whether the materials need to be disinfected, 
whether the implantation is simple, whether it can be mass-
produced, etc. It is fundamental to study tissue engineering 
materials to have clinical value and effective tissue engineer-
ing scaffold. Therefore, the integration of cell engineering and 
biomaterials can promote the rapid development of tissue en-
gineering industry.
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