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Due to their mechanical properties, ranging from flexible to hard materials, polyurethanes (PUs) have been widely

used in many industrial and biomedical applications. PU characteristics, along with their biocompatibility, make

them successful biomaterials in short and medium time applications.  The most important biomedical applications

of PUs include antibacterial surfaces and catheters, blood oxygenators, dialysis devices, stents, cardiac valves,

vascular prostheses, bioadhesives/surgical dressings/pressure sensitive adhesives, drug delivery systems, tissue

engineering scaffolds and electrospinning, nerve generation, pacemaker lead insulation and coatings for breast

implants. The diversity of polyurethane properties due to the ease of bulk and surface modification plays a vital role

in their applications. 
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1. Introduction

PUs are primarily obtained from the petrochemical refining of coals and crude oil as raw materials , using by-

products of plant material derived either from crops or their residues or from forestry biomass .

These materials, known under the general term of lignocellulosic biomass, are used to extract the proper raw

material for PUs . Lignin, one of the most sustainable raw materials used to produce polymers, widely used in

paper and pulp industries, is the most frequently used natural polymer after cellulose , due to the fact that it is

readily available in bulk quantities and inexpensive . PU foams, known for their versatile mechanical properties,

thermal insulation and low volumetric weight , are also produced through the re-polymer approach, based on

lignin functionalization with diisocyanate, resulting in an electrophilic precursor polymer .

The initial stage in the manufacturing process of PUs implies either the use of a polymer, or a low-molecular-weight

pre-polymer liquid, a monomer. The results of the main reactions in PU synthesis are represented by the formation

of the carbamate (urethane) linkage. In 1849, Wurtz and Hoffman were the first to discover this linkage after

evaluating the reaction between an isocyanate and a hydroxylated compound .

Following the accidental discovery of polyaddition for the synthesis of polyurethane out of poly-isocyanates by Otto

Bayer in 1937, PUs were widely applied in the industrial field .
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Formed as a result of a polycondensation reaction between an isocyanate (with at least two hydroxyl groups) anda

hydroxylated compound (with at least two hydroxyl groups) in the presence of a catalyst, PUs have a wide variety

of industrial uses, as footwear, furniture, construction materials, automotive parts, clothing, packaging and others 

 (Figure 1).

Figure 1. PUs’ applications.

Due totheir mechanical flexibility, combined with their increased tear strength, biocompatibility, biodegradability and

tailorable forms, PUs have attracted the attention of biomedical device developers since 1950, when a polyester-

urethane foam was first usedas a breast prosthesis coating .

In 1959, a newly developed PU foam wasapplied as a bone gap filler and immobilizing agent, followed by a

polyester-urethane-based material used in the preparation of heart valves and aortic grafts . Although PUs have

excellent mechanical properties and chemical stability, and are easy to process, they are usually hydrophobic.

Thus, they must be surface modified in order to adapt for biomedical applications.

2. Structural Diversity and Clinical Applicability of
Polyurethanes in Biomedicine

The applications of polymers in biomedicine include orthopedics, ophthalmology, surgery, cardiology, dentistry,

dialysis, and controlled delivery systems .

Polymers used in biomedicine need to meet certain requirements, such as biocompatibility, bioacceptability and

biodegradability, and have to be modified either chemically or physically in order to achieve the desired properties

. When considering the medical field, besides their increased biocompatibility and antithrombogenic effects, PUs

are also known to improve cell migration, sustain drug delivery and ensure proper organ reconstruction.
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Current biomedical application areas of PUs include antibacterial surfaces and catheters, blood oxygenators,

dialysis devices, stents, cardiac valves, vascular prostheses, bioadhesives/surgical dressings/pressure-sensitive

adhesives, drug delivery systems, tissue engineering scaffolds and electrospinning, nerve generation, pacemaker

lead insulation and coatings for breast implants (Figure 2) .

Figure 2. Biomedical applications of PUs.

Due to the multiple and extensive development of the PUs, our approach is not to be considered an exhaustive

one. In this regard, the aim of this narrative review is to present the key structural properties of polyurethanes and

their applications in biomedicine. In this regard, the current paper is bringing new insights to systematized

knowledge in this area.

Due to their mechanical features, ranging from rigid to flexible, PUs are present in a variety of domains, including

the biomedical field .

The morphology of polyurethane, based on two structural phases—hard and soft segments—ensures high

mechanical resistance, determined by the hard segment, and elastomeric behaviour, ensured by the soft segment.

Therefore, the singular molecular structure provides different properties, such as elasticity, resistance to abrasion,

durability, chemical stability and facile processability .

A particular category of polymers are reactive polymers (PUs included), widely used in the chemical industry.

These types of polymers are able to determine different chemical reactions at the chain levels, resulting in polymer

changes . Their preparation implies two major procedures, either performing reactions on polymer chains, or

adding a monomer containing a reactive group .

Despite their great benefits in chemical industry and technology, polymers sometimes represent risk factors for the

environment. From this point of view, microplastics are a source of marine and atmospheric pollutants as well as

media for the attachment of hydrophobic organic pollutants . It appears that PU and polyamide display

the most increased ability for bisphenol A sorption. Compared to other polymers such as polyethylenes,

polypropylenes, or poly(vinyl chloride), in case of both PU and polyamide, sorption is almost irreversible.
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Microplastics thus represent environmental risk factors, due to their role as transportation vectors for bisphenol A

16. However, the chemical industry currently benefits from the fabrication of different polymeric structures and

materials that are regarded as environment-friendly.

Due to their extensive structure and diverse properties, PUs are considered among the most bio- and blood-

compatible materials. Properties such as durability, elasticity, elastomer-like character, fatigue resistance,

compliance, acceptance and tolerance in the body during healing are often also associated with PUs . These

materials play a major role in the development of many medical devices, ranging from catheters to total artificial

hearts.Their applications include artificial organs, tissue replacement and augmentation, performance-enhancing

coatings, drug delivery systems and many others . Due to their usage in a wide range of domains, polymeric

structures represent a major challenge considering biodegradability and biocompatibility.

To increase biostability, novel PUs with a siloxane segment, polycarbonate polyurethanes, and nanocomposite

polyurethanes were developed . PUs with a siloxane segment are prone to calcification during continuous in-

vivo exploitation . Nanocomposite polyurethanes are free of these disadvantages and have been included into

clinical trials . On the other hand, some authors reported a low rate of patency on in-vivo testing of

nanocomposite polyurethane small-caliber vascular grafts implanted into the ovine carotid artery .

Literature data clearly indicate the potential of PUs to complement or substitute degradable polymers, such as

polyester, in the replacement of damaged tissues or organs, as well as in nanomedicine, as they show superior

drug encapsulation efficiency and enhanced capability to target specific tissue compartments .

Blending allows the tailoring and modulation of the properties of selected polymers. Blends are oftenfabricated by

electrospinning. Electrospinning is the most promising and simple technique for manufacturing vascular grafts of

polymeric materials.

The new generation of vascular PU grafts produced by electrospinning closely meets the requirements of an ideal

prosthesis .

This method allows the diameter, composition, and porosity of nanofiber scaffolds to be controlled and multilayered

vascular grafts, similar to the native vessels in their physical and biological properties, to be designed .

All these also contribute to graft biostability and biocompatibility, making them closer to ‘‘ideal’’ variants .

Studies show that electrospun nanocomposites treated with basil oil and titanium dioxide particles exhibit a lower

cellular toxicity compared to pristine polymers . Electrospun composites based on PU with added peppermint

and copper sulphate used to fabricate scaffolds showed low toxicity levels and improvement of blood clotting time

and seem to be more effective compared to pristine PU due to the increased cell viability .

Hospital infections represent a great challenge for current medicine, as they are responsible for increased

morbidity and mortality worldwide. Antibacterial effects and super-hydrophobic properties are shown to be induced
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on the surface of thermoplastic PU sheets . When using a pure PVC film, bacterial adhesion showed a

significant decrease in case of S. aureus and E. coli bacteria . PU and silicone with incorporated copper

nanoparticles have shown antimicrobial activity against infectious agents such as Staphylococcus aureus and

Escherichia coli. Incorporated polymers have proved their efficacy in reducing bacterial contamination in the case

of bed rails, push plates and overbed tables .

The applications of PUs in biomedicine are continuously extending, with new research being published and

demonstrating that the potentials of PUs are far from fully exploited.
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