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In biomedical applications, scaffolds can be used ranging from regenerative engineering to controlled drug delivery and

immunomodulation, and for this purpose, biomaterials have become an indispensable instrument as scaffold material. The

materials used for scaffold manufacturing must satisfy some criteria such as intrinsic biofunctionality and appropriate

chemistry to stimulate molecular biorecognition by cells to induce proliferation, cell adhesion, and activation. Many

biodegradable polymers of natural and synthetic origin have been established for use as biomaterials and careful

consideration of the cellular environment and interactions needed is required to select a polymer for a given application.
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1. Introduction

Tissue engineering (TE) is the in vitro construction of bioartificial tissues and in vivo modification of cell growth and

function through the implantation of appropriate cells isolated from donor tissues to generate biocompatible scaffold

materials . This approach specifically focuses on the vital imbalance between the rising number of patients waiting for

organ transplantation due to end-stage failure and a limited number of donated organs available for those procedures .

TE and regenerative medicine integrate information and technology from various fields such as genetics, engineering,

pharmaceutics, medicine, chemistry, and materials sciences to perform treatments or to restore or replace damaged

tissues and organs . It holds the promise of sustainable development due to ever-going improvement in biomaterials

and implies the procedure of fusing scaffolds, molecules, and cells that are biologically active into functional tissues. The

ultimate goal is to completely monitor, create a functional structure/support to repair, preserve, or improve damaged

tissues or entire organs and to implement “enhanced and sustainable quality of life (QOL) with health” as stated in the

prime goal of the World Health Organization (WHO) .

In this field, two primary approaches are used to generate engineered tissues. Primarily, scaffolding is used as a cell

supporting system for seeding cells in vitro, and further cells are stimulated to set up the matrix for building a tissue base

for transplantation. The latter entails the use of a scaffold as a drug delivery device or a growth factor. This approach

combines scaffolding with growth factors, and the body implant cells are recruited around the matrices at the scaffold sites

to form the neo-tissue. Both methods do not preclude one another and can be easily fused .

Owing to its remarkable merits, TE is often believed to be the ultimate ideal medical treatment. This process is multi-stage

and requires the development of various components to create the desired neo-tissues or organs. In several current

strategies, biomaterials are essential components. The recent development of TE involves the preparation of new

biomaterials that can meet the local environment and indications. Advanced technologies are now available to fabricate

biomaterials (natural/synthetic) in designing scaffolds which support the formation of complex 3D tissues, many of them

with functional vascular networks that match their in vivo counterparts .

Designing and manufacturing of the scaffold are important areas of biomaterial research for TE and regenerative

medicine. . Much work has been done over the past two decades to improve potentially relevant scaffold materials for

TE. For neo-tissue generation in vitro and during the initial phase and after implantation, these scaffolds provide

mechanical support and encourage cell growth and differentiation . To date, many materials have predominantly

been used to create biodegradable scaffolds comprising polymers with the synthetic origin  such as poly(α-hydroxy

esters) including poly(ƹ-caprolactone) (PCL), polyglycolic acid (PGA), polylactic acid (PLA), and their copolymer

poly(glycolic acid) (PLGA); poly(ethers) containing poly(ethylene oxide) (PEO) and poly(ethylene glycol) (PEG), polyvinyl

alcohol (PVA), polyurethane (PU), etc. In addition, naturally occurring biomaterials like polypeptides and polysaccharides

are also studied . Composites or blending of these synthetic or natural polymers or together can provide a variety of

physicochemical and biological characteristics . Scaffold materials are defined in terms of mechanical characteristics,

chemical composition, and degradation mechanisms. Biomaterial selection plays an important part in the design and

production of medical implants and TE products . Although the classical selection criteria for a healthy, durable implant
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is known as the choice of passive inert material, any artificial material placed in a patient’s body also generates a cellular

response . Therefore, it is now recognized that instead of behaving simply as an inert body, a biomaterial must be

biologically suitable and interact with the tissue when implanted . 

2. Scaffolding and Its Importance in Biomedical Applications
(Regenerative Engineering)

The term “scaffold” refers to an artificial temporary platform applied to support, repair, or to enhance the performance of a

structure. This can be done on different size and length scales, with various methods of support depending on the form

and use. In general, two-dimensional studies of biomaterial substrates are carried out to test cell–biomaterial interactions.

However, to ensure the functions of the damaged tissues, the scaffold is needed to replace the defect or mimic the organs

or tissue structures in a three-dimensional manner . Biocompatibility, biodegradability, mechanical characteristics, pore

size, porosity, osteoinductivity, osteoconductivity, osteogenesis, and osteointegration are the key design considerations for

the scaffold . Some of the essentials of scaffolds used in TE are illustrated in Figure 1. After implemented in a body,

the scaffold should aim to (i) be a liable structure for adhesion, proliferation, and cell differentiation as a substratum, (ii)

create the required biomechanical environment for coordinated regeneration of tissues, (iii) permit the dissemination of

nutrients and oxygen, and (iv) allow cells to be encapsulated and released with growth factors .

Figure 1. The essential variables involved in scaffold design for TE.

In TE along with regenerative medicine, scaffolds may act as delivery vectors or as cellular systems for drugs and cells.

The other choice is to combine scaffolds with different cell types that can enhance osteogenic lineage tissue formation in

vivo or release unique soluble lineage molecules. Before being implanted into the target site, these cells can be expanded

selectively ex vivo. Scaffolds in clinical medicine are upcoming areas of considerable significance. They are typically

associated with organ disease or failure conditions and used to repair organs to restore normal functionality . It is

well-known that scaffolds support and promote growth of regenerative cells and perform a major role in TE efficiency.

Besides, the scaffolding biomaterial facilitates proliferation, differentiation, cell adhesion, offers mass transport and

temporary 3D mechanical support, and finally causes the formation of neo-tissue (newly formed tissue built around a

scaffold) .

In TE applications, the biological crosstalk between the scaffold and the cells is controlled by the properties of the

materials and final scaffold characteristics. Materials used for scaffold manufacturing must have intrinsic biofunctionality

and appropriate chemistry to stimulate molecular biorecognition from cells to induce proliferation, cell adhesion, and

activation. The mechanical properties of the scaffold and kinetics of decomposition in selected materials must be adjusted

to the TE application, specifically to ensure the essential structural features and to achieve the rate of new tissue
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formation. The final effectiveness of the regenerative process plays a major role in scaffolding, exposed surface area,

pore distribution, and porosity, the quantity and distribution of which affect the rate of cell penetration within the scaffold

volume and the architecture of the extracellular matrix (ECM) formed .

Scaffold design for tissue engineering includes several specifications. Many of these parameters are dynamic and not yet

well-comprehended. Besides, these scaffolds should possess sufficient mechanical properties to provide neo-tissues with

the necessary stress environment. To enable the entrance of nutrients into cells, the scaffolds should be porous,

permeable, and have to demonstrate the required surface structure and chemistry for cell attachment . These scaffolds

can be created with natural or synthetic polymers or with bio-based ceramics or any suitable combinations.

3. Polymers as Biomaterials for Scaffolding

Any substance or a blend of the natural or synthetic source may be used in total or as part of any tissue, organ, or body

function to maintain or to enhance, at any time, the person’s quality of life, and then that substitute can be assessed as a

biomaterial .

In biomedical applications, scaffolds can be used ranging from regenerative engineering to managed drug delivery and

immunomodulation; biomaterials have become an indispensable instrument . Regenerative engineering is a

multidisciplinary research area that uses the concepts of physics, stem cell science, advanced materials science, clinical

translation, and developmental biology for damaged tissue regeneration .

While several biodegradable polymers are established for use as biomaterials, careful consideration of the particular

cellular environment and interactions desired is essential in selecting a polymer for a given application. Applications of this

type may include :

Support for new tissue growth.

Prevention of cellular activity.

Guided tissue response.

Improvement of cell connection and consequent cellular activation.

Inhibition of cellular attachment and/or activation.

Prevention of a biological response.

Depending on the intended application, scaffold materials can be natural or synthetic, degradable or nondegradable. The

polymer’s properties depend on their constituent macromolecules’ structure, composition, and arrangement. The principal

forms of polymers used as biomaterials are biologically natural polymers, synthetic biodegradable and nonbiodegradable

polymers as shown in Figure 2. Because of their specific characteristics, such as a wide range of biodegradation rates,

high porosity with various pore sizes, high surface-to-volume ratio, and mechanical property, polymeric scaffolds attract

great interest. They offer distinct benefits of biofunctionality, flexibility, and biological properties that are essential in TE

and biomedical applications .
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Figure 2. Natural and synthetic polymers were rearranged based on bio vs non-bio and biodegradable vs

nonbiodegradable characteristics, where PHB: polyhydroxybutyrate; PLA: polylactic acid; PCL: polycaprolactone; PGA:

poly(glycolic acid); PVA: poly(vinyl alcohol); PEA: poly(ethylene adipate); PES: polyethersulfone; PBS: polybutylene

succinate; PET: polyethylene terephthalate; PE: polyethylene; PP: polypropylene; PVC: polyvinyl chloride; PC:

polycarbonate; PS: polystyrene; PA: polyamide; and PEF: polyethylene furanoate.

3.1. Natural Biopolymer-Based Scaffolds

Natural biopolymers have resurged over the past few decades as primary bioactive substances used in the applications of

medical materials. Based on their monomeric units and structure, biopolymers are categorized roughly into three classes

:

Polypeptide- and protein-based: collagen, fibrin, fibrinogen, gelatin, silk, elastin, myosin, keratin, and actin.

Polysaccharide-based: chitin, chitosan, alginate, hyaluronic acid, cellulose, agarose, dextran, and glycosaminoglycans.

Polynucleotide-based: DNA, linear plasmid DNA, and RNA.

These consist of long chains, including nucleotides, amino acids, or monosaccharides made of repeating covalently

bonded groups. Biofunctional molecules which ensure bioactivity, biomimetic nature, and natural restructuring are typically

found in such polymers. Bioactivity, biocompatibility, 3D geometry, antigenicity, non-toxic byproducts of biodegradation,

and intrinsic structural resemblance are the most important properties of natural polymers . Conversely, their key

disadvantages, microbial contamination (i.e., endotoxins), decreased tunability, immunogenic reaction, uncontrollable rate

of degradation, and poor mechanical strength restrict their application for hard tissue regeneration. Natural polymers

make important contributions to TE, especially in the manufacture of scaffolds for therapeutic agent delivery. Novel and

natural polymeric materials are aimed at enhancing different therapies due to their inherent bioactivity, biocompatibility,

and bioresorbability . Naturally derived polymers including collagen, chitin, chitosan, gelatin, silk fibroin, soybean,

fibrinogen (Fbg), fibrin (Fbn), elastin, proteoglycan, hyaluronan, and laminin have displayed great potential in the

biomedical section.

3.2. Synthetic Biopolymer-Based Scaffolds

Synthetic polymers are advantageous in a few characteristics such as tunable properties, endless forms, and established

structures over natural polymers. The support offered by synthetic biomaterials can enable restoration of damaged or

diseased tissue structure and function. Polymerization, interlinkage, and functionality (changed by block structures, by

combining them, by copolymerization) of their molecular weight, molecular structure, physical and chemical features make

them easily synthesized as compared to naturally occurring polymers . The disadvantages of synthetic biomaterials
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are that they lack cell adhesion sites and require chemical modifications to enhance cell adhesion. Many commercially

available synthetic polymers exhibit similar physicochemical and mechanical characteristics to biological tissues. In

biodegradable polymers, synthetic polymers are a major category and can be produced under controlled conditions. In a

broad spectrum, the mechanical and physical characteristics are predictable and reproducible, such as strength, Young’s

modulus, and degradation rate. Poly(α-hydroxy esters) including PCL, PGA, PLA, and their copolymer PLGA and

poly(ethers) including PEO and PEG, PVA, and PU are the most widely studied degradable synthetic materials. These are

probably the most popular examples, although there are currently many other synthetic materials being sought .

These polymers have various levels of biodegradability, biocompatibility, and mechanical properties, but no single polymer

holds all three of these critical properties at the optimum level .

A variety of natural and synthetic bio-polymeric substances used for biomedical scaffolding applications particularly

towards regenerative engineering are tabulated in Table 1 along with their advantages and disadvantages.

Table 1. Natural and synthetic biopolymers along with their advantages and disadvantages.
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Polymer Structure
Desirable Properties
and
Advantages

Disadvantages Ref

Natural
polymer-,

Polypeptide-,
and Protein-
based scaffolds

Collagen

Triple helical

structure held

together by

hydrogen bonds.

Major amino acid

groups include:

Glycine

Proline

Hydroxyproline

Favorable for cell

adhesion, proliferation,

differentiation, and

ECM secretion.

Excellent

biocompatibility.

Biodegradability.

Low toxicity.

Rough surface

morphology.

Low immunogenicity.

Weak antigenicity.

Low mechanical

strength.

Difficult

disinfection.

The deformation

and contraction

of collagen-

based scaffolds

have restricted

their use in load-

bearing tissues.

Poor stability in

an aqueous

environment.

Potential for

antigenicity

through

telopeptides.

[52,124,125]

Silk fibroin

Consists of short

amino acid side

chains that

assemble into β-

sheet structures.

SFs are sturdy,

lightweight, and have

exceptional strength

and elasticity.

Osteoconductivity.

Biocompatible.

Deliver good support

for cell adhesion and

proliferation without

initiating cell toxicity.

Promote cell migration

and vascularization.

Moderately

degradable.

Thermostable (up to

∼250 °C).

Commonly employed

as a cell carrier for cell

seeding on scaffolds.

Prolonged

presence of silk

may induce

degradation,

which releases

certain residues

or degraded

products that

may prompt the

immune

response.

[64,126,127]



Polymer Structure
Desirable Properties
and
Advantages

Disadvantages Ref

Fibrinogen and fibrin

Fibrinogen:

Dimer consisting

of three pairs of

polypeptide chains

(Aα, Bβ, and γ)

Biocompatibility.

High affinity for

biological surfaces and

molecules.

Promotes cellular

interactions.

Variety of cell-

adhesive/binding

properties.

Nonimmunogenicity.

Low mechanical

strength.

Quick rate of

degradation.

[67,128,129,130]

Gelatin

Contains glycine

residues, proline,

and 4-

hydroxyproline

residues

Better infiltration,

adhesion, spreading,

and proliferation of

cells on resulting

scaffolds.

Good stability at high

temperature in a broad

range of pH.

Biodegradability.

Osteoconductivity.

Non-immunogenic.

Low antigenicity.

Bioactivity is

questionable in

higher-order

gelatin structures

in scaffolds.

Low stability in

physiological

conditions.

[60,131,132]

Keratin

It is a cysteine-rich

fibrous protein that

associates with

intermediate

filaments (IFs)

forming the bulk of

the cytoskeleton

and epidermal

appendageal

structures

Facilitates cell

adhesion and

proliferation.

Unique chemistry

afforded by high sulfur

content.

Propensity for self-

assembly.

Intrinsic cellular

recognition.

Intrinsic biological

activity.

Cytocompatibility.

Gradual degradation.

Poor mechanical

properties.

Quick loss of

mechanical

integrity.

[133,134]



Polymer Structure
Desirable Properties
and
Advantages

Disadvantages Ref

Polysaccharide-
based scaffolds

Starch

Comprised of

carbohydrates.

The structure

consists of two

types of alpha

glucan which are

amylose and

amylopectin.

Biocompatible.

Thermoplastic

behavior.

Non-cytotoxic.

Guides various

developmental stages

of cells.

Hydrophilicity.

Good substrate for cell

adhesion.

Good biodegradation

period.

Very high water

uptake.

Low mechanical

strength.

Unstable for

long-term

application.

Chemical

modifications

may lead to toxic

byproducts and

reduce the rate of

degradation.

[135,136]

Chitin/chitosan

Chitin:

N-acetyl

glucosamine and

N-glucosamine

monomers

Chitosan:

N-deacetylated

derivative of chitin

Accelerates tissue

repair.

Prevents formation of

scar tissue.

Promotes cell

adhesion.

Non-toxic and non-

allergenic.

Bioactivity.

Anti-inflammatory.

Osteoconductivity.

Hemostatic potential.

Scaffolds could be

used for a longer

period.

Chitosan-based

scaffolds can

immobilize growth

factors.

Poor mechanical

strength and

stability.

High viscosity

and low solubility

at neutral pH.

Rapid in vivo

degradation rate.

[75,137,138,139,
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Polymer Structure
Desirable Properties
and
Advantages

Disadvantages Ref

Agarose

Contains repeating

units of agarobiose

(a disaccharide of

D-galactose and

3,6-anhydro-l-

galactopyranose).

Excellent

biocompatibility.

Thermo-reversible

gelation behavior.

Exceptional

electroresponsiveness.

Suitable medium for

cell encapsulation.

Non-immunogenic.

Low cell

adhesion.

Nondegradability

due to the

absence of an

appropriate

enzyme in the

body.

[140,141,142]

Alginate

Made up of

mannuronate and

gluronate

monomers.

Different block

configurations give

rise to different

materials

properties.

Mainly made up of

carboxyl groups.

Mimicking function of

the extracellular matrix

of body tissue.

Thickening/gel-forming

agent.

Biocompatibility.

Cytocompatibility.

Biodegradability.

Bioabsorbable.

Hydrophilicity.

Difficult to

sterilize.

Low cell

adhesion.

Poor mechanical

characteristics.

[143,144,145]

Cellulose

Polysaccharides

are formed by

many D-glucose

units connected by

glycosidic bonds.

Stable matrix for tissue

engineering

applications.

Better mechanical

strength.

Hydrophilicity.

Biocompatibility.

Cytocompatibility.

Bioactivity.

Cellulose in the

human organism

behaves as a

nondegradable or

very slowly

degradable

material.

[146,147,148]
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Polymer Structure
Desirable Properties
and
Advantages

Disadvantages Ref

Hyaluronic acid

It is a linear,

anionic, non-

sulfated

glycosaminoglycan

with a structure

composed of

repeating

disaccharides

units:

β-1,4-D-glucuronic

acid and β-1,3-N-

acetyl-D-

glucosamide.

Encapsulation

capability.

Cell activity.

HA scaffolds are

frequently used in the

case of both hard and

soft tissue

regeneration.

Nonimmunogenic.

Nonantigenic.

Biocompatibility.

Osteocompatibility.

Brittle;

mechanical

properties need

fine-tuning via

chemical

modification.

Low

biodegradability

in the crystalline

phase.

[81,149,150,151]

Glycosaminoglycans

Consist of

repeating

disaccharides

linked by

glycosidic bonds

creating individual

complex

structures.

Biocompatibility.

Anticoagulant activity.

Antithrombotic activity.

Anti-inflammatory.

Have multiple

regulatory functions,

e.g., in the

anticoagulation of

blood, inhibition of

tumor growth, and

metastasis.

Control the

inflammatory

processes.

Very fast

degradation.

Potential risk of

contamination

with infectious

agents.

[152,153]
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Polymer Structure
Desirable Properties
and
Advantages

Disadvantages Ref

Synthetic polymers

Poly(ƹ-caprolactone)
(PCL)

Aliphatic

semicrystalline

polyester.

Controls cell

proliferation and

angiogenesis.

Slow degradation rate

(lower than that of PLA

and PLGA).

Non-toxic.

Cytocompatibility.

Good mechanical

properties.

Degraded by

hydrolysis or bulk

erosion.

Low bioactivity.

Hydrophobicity of

PCL is another

major issue that

hinders wound

healing

application.

Some problems

related to

withstanding

mechanical

loads.

[154,155,156]

Polylactic acid (PLA) Highly crystalline.

Biocompatible.

Cytocompatibility.

Thermal stability.

Excellent mechanical

strength.

Good degradation

rate.

Nontoxic degradation

products.

PLA-based

materials suffer

from the lack of

ideal surface

chemistry that

could aid cell

adhesion and

proliferation.

Brittleness.

Poor thermal

stability.

Hydrophobicity.

[92,157,158]

Polylactic-co-
glycolic acid (PLGA)

The copolymer of

hydrophobic PLA

and hydrophilic

PGA.

Excellent cell adhesion

and proliferation.

Good mechanical

properties.

Features faster

degradation than

either PGA or PLA.

Wide range of

degradation rates.

Poor

osteoconductivity.

May develop

biocompatibility

problems.

[159]
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Polymer Structure
Desirable Properties
and
Advantages

Disadvantages Ref

Polyglycolic acid
(PGA)

Linear highly

crystalline aliphatic

polyester.

Biocompatible.

High tensile modulus.

High melting point.

Undergoes bulk

degradation.

Hydrophilicity.

High sensitivity to

hydrolysis.

Difficult to obtain

porous PGA

scaffolds without

toxic solvents.

[160,161]

Polyhydroxybutyrate
(PHB)

It is a

homopolymer

having a

stereoregular

structure with high

crystallinity.

Naturally occurring

b-hydroxy acid.

Non-toxic.

Biostable.

Biocompatible.

Advantages over PLA

and PGA.

Slow rate of

degradation.

Can be obtained

naturally.

Inherent

brittleness and

rigidity.

Thermal

instability during

melt processing

impedes its

commercial

application.

[159,162,163]

Polypropylene
fumarate (PPF)

Linear and

unsaturated

copolyester based

on fumaric acid.

Biocompatibility.

Crosslinked PPF

matrices have high

mechanical strength.

PPF degrades in the

presence of water into

propylene glycol and

fumaric acid, the

degradation products

that are easily cleared

from the human body

by normal metabolic

processes.

Non-toxic.

It is a viscous

liquid at room

temperature (21

°C), making the

handling of the

polymer

somewhat

cumbersome

[159,164,165]



Polymer Structure
Desirable Properties
and
Advantages

Disadvantages Ref

Poly(ethylene glycol)
(PEG)

Synthesized using

ring-opening

polymerization of

ethylene oxide.

Non-ionic.

Biocompatible.

Elasticity.

Bioadhesive.

Mucoadhesive.

Hinders protein

adsorption.

Hydrophilic.

PEG as a blank

template can be

modified to different

moieties to pass

different requirements

of a skin substitute like

cell adhesion, short-

term degradation, and

minimum

inflammation.

Non-immunogenic.

Lacks cell-

interactive

character due to

its bio-inert

nature.

Nonreactive,

creates insoluble

networks.

[123,166,167]

Polyurethane (PU)

Urethane groups

are the major

repeating units.

Synthesized by

reactions of di- or

polyisocyanates

(hard segments)

with di- or polyols

(soft segments) via

the catalyzed

polymerization

process.

Bio- and

hemocompatibility.

Nontoxic.

Biodegradable.

Non-allergenic.

Non-sensitizing.

Excellent mechanical

properties.

High flexural

endurance and fatigue

resistance.

PUs are less

compatible with

blood and found

unsuitable for in

vivo drug delivery

application.

Limited stability

in vivo.

[113,168]



4. Final Remarks

In biomedical applications, scaffolds can be used ranging from regenerative engineering to controlled drug delivery and

immunomodulation, and for this purpose, biomaterials have become an indispensable instrument as scaffold material. The

materials used for scaffold manufacturing must satisfy some criteria such as intrinsic biofunctionality and appropriate

chemistry to stimulate molecular biorecognition by cells to induce proliferation, cell adhesion, and activation. The

mechanical properties of scaffolds and kinetics of decomposition in selected materials must be adjusted to the TE

application specifically to ensure the essential structural functions and to achieve the rate of formation of new tissues. The

geometrical features like exposed surface area, pore distribution and porosity, and distribution affect the rate of cell

penetration within the scaffold volume, the architecture of the ECM formed. The final effectiveness of the regenerative

Polymer Structure
Desirable Properties
and
Advantages

Disadvantages Ref

Polyvinyl alcohol
(PVA)

Semicrystalline

polyhydroxy

polymer.

Prepared via

hydrolysis of

poly(vinyl acetate).

Biocompatible.

Nontoxic.

Noncarcinogenic.

Displays a reduced

protein-binding

tendency, relatively

higher elasticity and

water content; a highly

hydrated water-soluble

synthetic polymer.

Has relatively similar

tensile strength to

human articular

cartilages.

Good lubrication.

Lack of cell-

adhesive

property.

Less ingrowth of

bone cells.

[169,170,171]

Polypropylene
carbonate (PPC)

Product of

alternating

copolymerization

of propylene oxide

and CO .

Amorphous.

Biodegradable

amorphous polymer

because of the

aliphatic

polycarbonate ester

structure on its

backbone.

No inflammatory

response.

Thermoplastic

behavior.

Biocompatibility.

Impact resistance.

PPC has

shortcomings

such as viscous

flow at room

temperature and

a relatively large

brittleness at low

temperature.

Poor thermal and

processing

properties.

Cell attachment

to PPC is very

limited due to its

highly

hydrophobic

nature.

[172,173,174]
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process plays a major role in scaffolding. Many biodegradable polymers of natural and synthetic origin have been

established for use as biomaterials and careful consideration of the cellular environment and interactions needed is

required to select a polymer for a given application.


