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SAFETY FIRSTSAFETY FIRST

• Chemical Synthesis Laboratory
• PPE (personal protective equipment)
• -isocyanates: moisture sensitive, inert atmosphere handling
• Toxic: hood or respirator; butyl gloves
• Solvents: DMAc, THF, etc.(residuals),

• Biological Interactions
• Double gloves;
• Solvents/ buffer solutions carrying biologics: cell culture media (blood 

agar, calf serum albumin, etc)
• Additional requirements



DSM BiomedicalDSM Biomedical
 A world class Biomedical PortfolioA world class Biomedical Portfolio

Drug Delivery

• Resorbable Polymer 
Platform for local 
delivery

Biomedical Materials
• Ophthalmic Materials
• UHMwPE
• UHMwPE Fibers
• Polyurethanes
• TPE Medical
• Rigid Polymer

Solutions

• Design Support

• Prototyping

• Component Fabrication

• Device Assembly

Medical Coatings

• Lubricious

• Anti-Microbial

• Anti-Fouling

Bionate® PCU
BioSpan® SPU
CarboSil® TSPCU
Elasthane™

 

TPU
PurSil® TSPU

medical coatings fiber

non-fouling coating

™

Drug Delivery



ProtocolProtocol

• DSM Biomedical
• Polyurethanes for Biomedical Application

• Overview
• Raw materials, synthesis
• properties

• Polyurethane End Group Modifications
• Surface characteristics/ methods
• Antimicrobial alternatives

• Polyurethanes for Tissue Engineering
• Specific examples



Typical Polymeric Biomaterials Today

• Industrial base polymers
• Not designed for biomedical applications
• Little or no consideration of surface 

properties or biostability
• Used as biomaterials because they are:

• Easily Processed
• Cheap
• Available

• May be contraindicated for long-term 
implants

• Coatings are extensively used
• Disguise base polymer
• Change surface properties for device use

• Often required for safety and efficacy



Medical Device RequirementsMedical Device Requirements

Biological 
Environment

Medical 
Device

B
io

in
te

rf
ac

e
A medical device has to satisfy both structural and functional 

requirement in a biological environment (Form-Fit-Function).

The device-biological interface is where many critical interactions take 
place and thus plays an important role in determining compatibility 
and efficacy.

Biointerface: Where the device-biological interactions take place



New Possibilities with PolyurethanesNew Possibilities with Polyurethanes

Widest range of possible bulk and surface properties:
• Large number of possible reactants

• Hard segments
• Diisocyanates
• Diols » urethane and/or diamines » urea

• Soft segments
• Polyols and polyamines
• Single or mixed

• End groups
• Pendant groups

• Many possible structures
• Linear
• Linear with pendant groups or end groups
• Branched or dendtritic
• Crosslinked

• Easily synthesized by batch or continuous 
polymerization

• May be designed for biostability or bio-resorption!

Very Flexible



DSM Biomedical Polyurethane FamilyDSM Biomedical Polyurethane Family

Bionate®

 

thermoplastic polycarbonate-urethane

• Best mechanical strength, Good oxidative stability, 

Good abrasion resistance

CarboSil®

 

thermoplastic silicone-polycarbonate-urethane 

• Excellent flexibility, Thromboresistant, Good 

oxidative stability

All polymer families have extensive FDA Master Files

Elasthane™

 

thermoplastic polyether-urethane

• Excellent Strength, Good abrasion 

resistance, Thromboresistant

PurSil®

 

thermoplastic silicone-polyether-urethane

• Outstanding elasticity, Thromboresistant, 

Aromatic or aliphatic versions

BioSpan®

 

segmented polyurethane

• Best flex life, Thromboresistant, Solution 

based



Polyurethane Family Strength ComparisonPolyurethane Family Strength Comparison
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II PCU goes to 
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Polyurethanes in Cardiovascular ApplicationsPolyurethanes in Cardiovascular Applications



Polyurethanes in OrthopedicsPolyurethanes in Orthopedics

Medtronic Bryan Medtronic Bryan 
Sofamor Danek Sofamor Danek 

ProstheticProsthetic

 
Cervical DiscCervical Disc

Axiomed Freedom 
Lumbar Disc

Zimmer Dynesis Zimmer Dynesis 
Dynamic Spinal Dynamic Spinal 

StabilizationStabilization

Active Implants 
Tribofit Hip System

• Over 14 
years global 
experience

• 15,000 cases 
implanted without 
fracture

• 3 to 6 year explants 
showed no trend of 
degradation

• CE Mark 
received

• CE Mark 
received 

• Several 
hundred 
implantations



Polyurethane ChemistryPolyurethane Chemistry



Polyurethane SynthesisPolyurethane Synthesis

Chang, M.-C.; Chen, S.-A., 1987. 
J. Polym. Sci. A  25, 2543-2559.



Polyurethane Soft Segment CandidatesPolyurethane Soft Segment Candidates



Biostable Soft Segments:Biostable Soft Segments:



Biodegradable Soft Segments:Biodegradable Soft Segments:

Wang, W.; Ping, P.; Yu, H.; Chen, X.; Jing, X.,  "Synthesis and characterization of a novel biodegradable,

 

thermoplastic polyurethane elastomer", Journal 

 

of Polymer  Science Part A: Polymer Chemistry 2006, 44(19), 5505‐5512.)



Hard Segment ComponentsHard Segment Components



PU synthesis example: PEG soft segment w/ MDIPU synthesis example: PEG soft segment w/ MDI



Chain ExtendersChain Extenders



Segmented PolyurethaneSegmented Polyurethane

]]

n
Hard 
Block

Soft 
Segment # 1

Soft 
Segment # 2

Hard 
Block

Hard 
Block

Soft 
Segment # 1

Soft 
Segment # 2



Continuous Reactor:Continuous Reactor:

Cleanroom 
Pellet Collection

Extruder/Reactor

Reactant 
Feed

Pelletizer 
Controls



Thermoplastic Pellets:  The main raw material for Thermoplastic Pellets:  The main raw material for 
fabrication of device components*fabrication of device components*



StructureStructure

Blackwell, J.; Gardner, K. H., "Structure of the hard segments 
in polyurethane elastomers", Polymer 1979, 20(1), 13-17



General trends: Structure General trends: Structure ––
 

Property Property --
 

BiodegradationBiodegradation

• Polyesterurethanes:

 

rapidly undergo hydrolytic degradation rendering them 
unacceptable for long-term implantation;

• Polyetherurethanes:

 

hydrolytically stable but subject to oxidative degradation:

• metal ion oxidation (MIO), auto-oxidation (AO)
• environmental stress cracking (ESC),
• Bio-degradation:

• Reactive oxygen intermediates released by adhering 
macrophages and foreign body giant cells can initiate 
biodegradation.

• General principles, biostability:
• Higher Mw and crosslinked polyurethanes degrade slower than the low 

Mw polyurethanes

• An increase in hard segment size leads to restrictions in polymer chain 
mobility, increased modulus and increased biostability;

• Surface composition varies with segment composition and concentration
• Polyurethane surface chemistry controls biodegradation/ biostability that can 

lead to ultimate failure/success of these materials in clinical applications:

[1] Christenson, E. M.; Wiggins, M. J.; Anderson, J. M.; Hiltner, A., "Surface modification of poly(ether

 

urethane urea) with modified dehydroepiandrosterone
for improved  in vivo biostability", Journal of Biomedical Materials Research Part A 2005, 73A(1), 108-115.
[2] Pinchuk, L., "A review of the biostability and carcinogenicity of polyurethanes in medicine and the new
generation of 'biostable' polyurethanes", J Biomater

 

Sci Polym

 

Ed. 1994, 6(3), 225-267.

Polyether urea urethanes>> polyether urethanes > polyester 
urethanes

biostability ranking based on comparisons of chain scission and 
surface pitting [1]:

PEU < PEU-S ≤

 

PCU < PCU-S



Degradation Mechanism:Degradation Mechanism:

“abstraction of a hydrogen atom from the α-methylene position followed
by chain scission and/or chemical crosslinking of the PEU soft segment…”1

Wu, Y.; Sellitti, C.; Anderson, J. M.; Hiltner, A.; Lodoen, G. A.; Payet, C. R., "An FTIR-ATR investigation of in vivo
poly(ether

 

urethane) degradation", Journal of Applied Polymer Science 1992, 46(2), 201-211.

…on the carbon α to the ether linkage on the polyether soft segment……



Degradation Mechanism:Degradation Mechanism:

The degradation mechanism of a polyurethane urea at the carbon alpha to the urethane group:

……,on the carbon α to the to the urethane group ……

From: Pinchuk, L., "A review of the biostability and carcinogenicity of polyurethanes in medicine and 
the new generation of 'biostable' polyurethanes", J Biomater Sci Polym Ed. 1994, 6(3), 225-267, after Tyler and Ratner..



Additives, Stabilizers, CatalystsAdditives, Stabilizers, Catalysts



Surface EngineeringSurface Engineering

• Surfaces and surface properties are important across a wide range of 
values: surfaces largely determine how materials interact with each other 
and with their environment. 

• Most surface properties are determined by atoms located within the top 
few atomic layers, i.e., within a few nanometers from the surface 

• Specifying Biomaterials for Devices:

Satisfying Bulk and

 

Surface Property Requirements

Surface also influence bulk properties:
(stability, absorption, drug release, degradation, etc.)



Environment ResponseEnvironment Response

Dynamic Surfaces:

All surfaces or interfaces will respond to environmental change 
to reduce the interfacial free energy

Conformational rearrangement
• Functional groups on polymers can rearrange
• Self Assembling Monolayer End Groups  (SAMETM)
• Adsorption (Contamination Surfaces adsorb molecules)

Optimum Bulk  ≠

 

Optimum Surface!

Solutions:   After Device Fabrication ($$$):
Apply topical treatments or coatings

Before Device Fabrication ($):
Modify polymers during synthesis to harness 
‘Surface Activity’ + ‘Self Assembly



Surface Modification with Surface Modification with SAMESAME® ® TechnologyTechnology

SAME® [ ] SAME®Multi-block polymer
n

]]
n

Surface Properties

=  Hard Block

=  Soft Segment # 1
=  Soft Segment # 2

=  SAME® # 2

Bulk Properties

=  SAME® # 1

SAME® = Self Assembling Monolayer End Group



Self Assembly VideoSelf Assembly Video

Not to scale



Self Assembly on Extruded Polyurethane TubingSelf Assembly on Extruded Polyurethane Tubing

Schematic only.  Not to scale

1. Extrusion of 
Polymer with SAME®

3. Surface-Active End 
Groups Concentrate at 

Tubing Surface

4. End Groups Self Assemble

2.  End Groups @ t=0



Sum Frequency GenerationSum Frequency Generation
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SAMESAME®®

 

Technology StabilityTechnology Stability

SFG confirms   
SAME®

 

technology 
stability

• Bionate 55D with SAME® 

technology is shown before 
and after exposure to DI H2O 
in Water at 37 ºC for 72 hours.



Contact AngleContact Angle

Average Std. Dev.

Bionate®

 

55D PCU 78.3 1.6
Bionate®

 

90A PCU 78.2 .8
Bionate®

 

80A PCU 76.5 0.5
Bionate®

 

II 55D PCU 97.5 1.5
Bionate®

 

II 90A PCU 98.8 2.3
Bionate®

 

II 80A PCU 97.2 1.3
UHMWPE 104 2.6

PCU Material More 
Hydrophilic

All done with distilled water.All done with distilled water.



BionateBionate®®

 

II PCU Property SummaryII PCU Property Summary
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In VitroIn Vitro Oxidative Stability of ElastomersOxidative Stability of Elastomers

Peak Molecular Weight with exposure to hydrogen peroxide over time:
conditions:  37°C, (20% H2

 

O2

 

+0.1 M CoCl2
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Bionate®

 

II PCU is the 
most oxidatively 

stable

In Vitro Oxidative Stability Results



In VitroIn Vitro Oxidative Stability SEM ComparisonOxidative Stability SEM Comparison

Bionate®

 

II PCU better than Bionate® PCU

SEM Graphic showing exposure to hydrogen peroxide over time;
conditions:  37°C, (20% H2

 

O2

 

+0.1 M CoCl2

 

)

® ®Bionate®

 
II PCU 55DBionate®

 
PCU 55D



Polyurethane With Antimicrobial SAME®

 

Technology

R1

 

: 

R2

 

:

PCU: Polycarbonate urethane

CH2CH2O m
spacer

CH2 n CH3 end group



Sum Frequency Generation Spectroscopy (SFG) analysis
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Surface Assembly of SAME®

 

Quaternary Amines  



Antimicrobial Properties on Extruded Films/ Tubing

Bionate®

 

PCU80A with 
quaternary amines 

Incorporated as
End Groups

24 Hour % Cell Reduction
Relative to Control

Staphylococcus 
aureus (+)

Pseudomonas 
aeruginosa (-)

C18

 

H37

 

N+(Me)2

 

(EtO)3

 

HCl- >99.999 94.7

Test Organism: 
Staphylococcus aureus (ATCC 6538)

Bionate®

 

PCU tubing with 
SAME®

 

technology



Application of SAMEApplication of SAME® ® TechnologyTechnology

• Passive thrombo-resistance
• Enhanced biostability
• Improved abrasion resistance
• Reduced self adhesion of device surfaces
• Enhanced lubricity
• Antimicrobial activity
• Covalently-bound, non-leaching processing aids

Integrated 
functional 

surface 
characteristics

Bionate® II PCU is an innovative, medical polymer with built-in surface technology. It is designed 
for chronic implants, enhanced for processing and backed by an established FDA master file.



Innovative SAMEInnovative SAME®®

 

Surface TechnologySurface Technology

Key Benefits
• Surface activity and self assembly enable tailored 

surface properties
• Customized surface chemistries enable unique designs

Block Copolymers with SME®

 

& SAME® Technology
• SME® (Surface Modifying End Groups)

• surface-active end groups are covalently bound to a 
base polymer during synthesis

• SAME®

 

(Self Assembling Monolayer End Groups)
• surface-active end groups are covalently bound to a 

base polymer during synthesis and spontaneously 
self assemble on the surface

This technology is patented and a key differentiator for DSM PTG

Optimum surface 
properties 

without 
impacting bulk 

properties



BionateBionate®®

 

II PCU Key BenefitsII PCU Key Benefits

Innovative Surface
• Patented built-in surface technology, Self Assembling 

Monolayer End group (SAME®)
• End groups covalently bound to the polymer 

structure for durability
• More consistent surface properties than surface 

modifying additives
• Wide range of potential surface modifications 
• Eliminates the need for additional surface processing

Enhanced Performance
• Improved oxidative stability
• 10% stronger than 1st

 

generation Bionate®

 

PCU
• Outstanding abrasion resistance when compared to 

silicone elastomers



BionateBionate®®

 

II PCU Key Benefits (cont.)II PCU Key Benefits (cont.)

Improved Processing
• Reduced polymer self adhesion and improved mold 

release capabilities without processing additives

Established Family
• Line extension of the Bionate®

 

polymer family
• Backed by an established Master File
• Track record of success with implantable devices
• One of the most extensively tested polymer families



Applications in Tissue EngineeringApplications in Tissue Engineering

Application: biostable or bioresorbable?

-

 

surface characteristics/ surface modification requirements?
-

 

physical properties:
-

 

hydrophilicity
-

 

cell adhesion/ integration
-

 

modulus: softening temp (Tg)

-

 

scaffold engineering:
-

 

porosity, dynamic mechanical properties, 
degradation rate, and release of growth factors……. 



Bioresorbable Bioresorbable multiblockmultiblock
 

polyesterurethanepolyesterurethane



Bioresorbable polymer development:Bioresorbable polymer development:

Two fast degrading adhesion 
barrier films with different tensile 
properties and degradation rates 
were provided to customer for 
animal testing.

Tissue adhesion barrier testing 
in progress

Lot EO/(LA+CL) Thickness 
mil

Load at 
break 

N

Elongation at 
break %

190555 4 3.5 6.88 804

190587 2 6.0 17.41 817

In-Vitro Degradation Profile of Adhesion Barrier Films in PBS Bufffer 
at 37C pH 7.41: Monitored by GPC Weight Average Molecular Weight
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L/N: 190587



BiomerixBiomerix
 

BiomaterialBiomaterialTMTM: : 
Biostable polycarbonate polyurethane urea scaffoldsBiostable polycarbonate polyurethane urea scaffolds



MicropatterningMicropatterning
 

of of ElectrospunElectrospun
 

Polyurethane Fibers ….Polyurethane Fibers ….

MicropatterningMicropatterning

 

of of ElectrospunElectrospun

 

Polyurethane Fibers through use of Soft Lithography MoldingPolyurethane Fibers through use of Soft Lithography Molding

 

D. K. DempseyD. K. Dempsey11, C. Schwartz, C. Schwartz11, R. S. Ward, R. S. Ward22, A. V. Iyer, A. V. Iyer22, J. P. Parakka, J. P. Parakka22, E. Cosgriff, E. Cosgriff--HernandezHernandez11; ; 
Texas A&M Univ., College Station, TX, 2) DSMTexas A&M Univ., College Station, TX, 2) DSM--PTG, Berkeley, CA. Poster Number 257PTG, Berkeley, CA. Poster Number 257
3535thth

 

Annual Meeting of the Society for Biomaterials, Friday, April 2Annual Meeting of the Society for Biomaterials, Friday, April 23, 2010, 4:453, 2010, 4:45--5:30pm, 5:30pm, 



Micropatterning
 

of Electrospun
 

Polyurethane Fibers 
through Control of Surface Topography

Micropatterning

 

of Electrospun

 

Polyurethane Fibers through Control of Surface Topography, “David K. Dempsey1, Christian J. Schwartz2,
Robert S. Ward3, Ananth V. Iyer3, James P.Parakka3, Elizabeth M. Cosgriff-Hernandez1* 1)Department of Biomedical Engineering, 
Texas A&M University, College Station, Texas, 77843-3120, 2) Department of Mechanical Engineering, Texas A&M University, 
College Station, Texas, 77843-3123 3DSM-PTG, Berkeley, California, 94710: in press.



Commercial degradable polyurethanesCommercial degradable polyurethanes

Trade name Supplier Chemistry Applications

Degrapol™ AB Medica

 

Spa (Italy) Porous foam Nerve and bone regeneration

Lacthane™ Polyganics

 

(Netherlands) Foams; BDI based Wound and nasal dressing;
(CE marked and FDA approved)
Surgical sealant;

Epidel™ Interface Biologics
(Canada)

PU-co-drug; PCL based 
polyol

Catheter cuffs; Antimicrobial

Novosorb™ PolyNovo

 

Biomaterials
(Australia)

Injectable gel; X-linked 
polymer; NCO prepolymers

Porous non porous monoliths
orthopaedic

Actifit™ Orteq
(Netherlands)

BDI, PCL, BD;
Porous patch

Meniscal

 

repair (CE Marked
Clinical July 2008)

SynBioSys™ Octoplus

 

BDI, PLGA, 
PEG, PCL
(Netherlands)

BDI, PLGA, PEG, PCL Stent coatings (Clinical trials)
Drug eluting microspheres

Artelon™ Artimplant
(Sweden)

Polyurethane urea
Fibres, scaffolds, films and
granules

ACL (ligament fixation)
Bone scaffolds (odontology)



- Scaffold that supports healing of the meniscus
- Porous aliphatic polyurethane based on 1,4-butanediisocyanate and
poly(e-caprolactone); ~20% of the polymer and consist of urethanes made  
from1-4-butanediisocyanate (BDI) and 1-4-butanediol (BDO) moieties;

- CE mark since July 2008

Porous structure of Actifit Medial and lateral Actifit Arthroscopic look of
sutured Actifit

Tissue after 12 months
with fibrochondrocytes

http://www.orteq.com/



PolyganicsPolyganics

•

 

Lacthane®

 

biodegradable polyurethanes
•

 

Based on 1,4-butanediisocyanate(BDI).
•

 

Excellent mechanical properties due to uniform block length.
•

 

Contain soft segments are based on poly (ether) esters.
By varying the soft segment composition degradation speed can be

 
accurately controlled between 1 hour and ½

 

year.
•

 

Proven biocompatibility



ConclusionConclusion

• Polyurethanes are an extremely versatile material in terms of physical 
properties biostability and biodegradability;

• As Biomaterials, polyurethanes satisfy bulk and surface property

 
requirements:

• Bionate® II PCU with SAME® technology allows for independent optimization of bulk 
and surface properties

• SAME® technology provides a simple and effective method for manufacturing 
polymers with functional surfaces without negative impacting polymer bulk 
properties

• Processability of these materials is being applied and developed.
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Product disclaimer
• The description by DSM Biomedical of the characteristics and properties of its 

products and services as contained in this presentation is supported by research 
and believed to be reliable. It is for general information purposes only, and may not 
be relied upon in individual situations. All materials offered by DSM Biomedical are 
supplied under contract containing detailed product specifications, and the user 
shall be exclusively responsible to assess the suitability of the product as specified 
for any individual application or use.

Trademark disclaimers
• Bionate®, BioSpan®, CarboSil®, ComfortCoat™, Dyneema Purity®, Elasthane™, 

PurSil®, SME®, SAME®, Trancerta™ and VitroStealth™ are registered trademarks 
of DSM


	Development of Biomedical Technologies and Products for Tissue Engineering 
	SAFETY FIRST
	DSM Biomedical�A world class Biomedical Portfolio
	Protocol
	Slide Number 5
	Medical Device Requirements
	New Possibilities with Polyurethanes
	DSM Biomedical Polyurethane Family
	Polyurethane Family Strength Comparison
	Polyurethanes in Cardiovascular Applications
	Polyurethanes in Orthopedics
	Polyurethane Chemistry
	Polyurethane Synthesis
	Polyurethane Soft Segment Candidates
	Biostable Soft Segments:
	Biodegradable Soft Segments:
	Hard Segment Components
	PU synthesis example: PEG soft segment w/ MDI
	Chain Extenders
	Segmented Polyurethane
	Continuous Reactor: �
	Thermoplastic Pellets:  The main raw material for fabrication of device components*
	Structure
	General trends: Structure – Property - Biodegradation
	Degradation Mechanism:
	Degradation Mechanism:
	Additives, Stabilizers, Catalysts
	Surface Engineering
	Environment Response
	Surface Modification with SAME® Technology
	Self Assembly Video
	Self Assembly on Extruded Polyurethane Tubing
	Sum Frequency Generation
	SAME® Technology Stability
	Contact Angle
	Bionate® II PCU Property Summary
	In Vitro Oxidative Stability of Elastomers
	In Vitro Oxidative Stability SEM Comparison
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Application of SAME® Technology
	Innovative SAME® Surface Technology
	Bionate® II PCU Key Benefits
	Bionate® II PCU Key Benefits (cont.)
	Applications in Tissue Engineering
	Bioresorbable multiblock polyesterurethane
	Bioresorbable polymer development:
	Biomerix BiomaterialTM: �Biostable polycarbonate polyurethane urea scaffolds
	Micropatterning of Electrospun Polyurethane Fibers ….
	Micropatterning of Electrospun Polyurethane Fibers through Control of Surface Topography
	Commercial degradable polyurethanes
	Slide Number 53
	Polyganics
	Conclusion
	Literature
	Slide Number 57

