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ITV 
Innovation Center for the Textile 

Industry

Introduction of ITV Denkendorf
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German Institutes for Textile and Fiber Research 
Denkendorf

ITCF Denkendorf –
Institute of Textile Chemistry
and Chemical Fibers

Foundation under public law

ITV Denkendorf
Institute of Textile Technology 
and Process Engineering 
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Business Areas
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Germany – Land of Ideas

ITV: 2 times awarded 2009
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Teachings

Scientific Institute:

Teaching Cooperations:

In association with the University of Stuttgart
Chair of Textile Technology (Prof. Planck):

Textile Technology, Textile Mechanical, 
Engineering Medical process engineering 

University of Ulm
(Master Course Medical Engineering)

Reutlingen University of Applied Sciences
(Master Textile Technology)

Esslingen University of Applied Sciences
(Bachelor Textile Mechanical Engineering)

IZST
(Inter-university Center Stuttgart – Tübingen)
Medical Engineering: University of Tübingen
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Our Main Targets

Product

� International leadership in textile technology research

� basic and Application-oriented research along the textile process chain
for the industry

� Application areas:   - Technical Textiles 
- Life Science / Environment

� Technology transfer to the industry

Material Process
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Research Areas

Fiber and yarn
technologies

Fabric and structure
technologies

FunctionalizationInnovative and
intelligent products

Modern production
management Central functions
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Specialty Feature
From the molecule to the product along the  textile process chain

Product/
Process

Material
Process/

Plant
engineering

Idea/ 
Demand Application

Integrated material, process and product development
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Fiber and Yarn Technologies

� Renewable resources

� Polymer synthesis

� Filament yarn technologies

� Staple fiber technologies

�Filament  yarn processing

� Winding technology

Functional fiber Flow simulation Filament yarn processing
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� Core / Sheet
� Side by Side

� Split-Fibers

� Island-in-the Sea

Application Technical Textiles / Medical Textiles

Bicomponent-Fibers



© DITF/ITV

Fabric and Structure Technologies

� Weaving technologies

� Knitting technologies

3-D knitted tubeatmofil® Meltblow-technology

� Nonwoven technologies

� Braiding / Winding
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Narrow fabric weaving machineWeaving Theater at the ITV

Spacer Knitting Mashine

Flat knitting machine

Strickk
opf 
I3P-
Serie 
(I3P57
2) 

Quelle: H. Stoll

Fully
Fashion
Flatknitting
Mashine

Examples of Equipement at ITV
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Nonwoven: 3D Meltblow Process
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Innovative fabric production

M

Extruder

Melting pump

Hot air
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Functionalization

� Surface technologies

� Nano technologies

� Bionics

Ultrasonic welding technologyPlasma facility Seal of approval Selfcleaning

� Making-up technologies

� Flock technology
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Nano-Fiber Nonwoven

Application: Technical Textiles: Filter technology / Medical Textiles

�

HV
1kV/cm

Polymer-
Reservoir

Polymer-Jet 

Collector

Polyimid on polyimid
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Capsuled Plasma-construction for
continuous treatment in reactive

gases

Coating-Star construction for
combination of Corona and Aerosol 

coating

Plasma-coating for activation of 
thermal solid surfaces

Standard Corona-construction
activation of surfaces

Surface Treatment: Atmospheric Pressure Plasma 
Techniques at the ITV

Corona for pretreatment of chains
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Coating Theater

Coating theater at the ITV - 1m width
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Nano-Coating: Self Cleaning Surface:
Lotus-Effect
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3 texture ranges:

� 500 µm
� 20 µm
� 0,05 µm

Nano-Coating Lotus-Effect

Applications: technical Textiles / medical Textiles
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21

Nanotechnology
Base for new innovations

Selbstreinigendes Textil

Textilprobe

Atmosphäre

Abdichtung 
Antrieb

Partikeldetektion

Auswertung Partikelzahl /-
größenverteilung

Partikeldetektion
Antrieb

Einrichtung zur 
Reibbelastung

Textilprobe

Atmosphäre

Abdichtung 
Antrieb

Partikeldetektion

Auswertung Partikelzahl /-
größenverteilung

Partikeldetektion
Antrieb

Einrichtung zur 
Reibbelastung

Measurement: human Risks of Nanotechnology

Lung hazard
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3-D-spacer Fabric Coated
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Cross-section through a plant stem

� high stability and
stiffness
(static + dynamic)

� low weight

ITV develops a technical plant 
stem,
produced by pultrusion
technique

Fiber-reinforced Profiles
Bionic optimized structure
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Innovative and Intelligent Products

� Technical textiles + filter

� Automotive textiles

� Textile construction/
Lightweight materials

� Fiber/ Textiles reinforced plastics
and components

� Textiles for environmental
technology

� Medical textiles

� Biomedical engineering

� Smart Textiles

PancreasSmart Textiles OP-Textiles



© DITF/ITV

Textiles in Medicine

� Textiles in telemedicine SMART TEXTILES

� Textiles in the hospital

� OP - garments

� Textiles for treatments

� surgical stockings

� orthopadic devices

� wound healing

� wound cover

� sutures

� Implants

� organ replacement

� regeneration support
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Development at the ITV Denkendorf

Textile Integrated/ Based Sensor System

Electric conductor Electric conductable band to sew on Electric conductable button connection

woven micro wire fabric
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Sensor layout

Smart Textiles

Baby vest with integrated sensors for the control of 
physiological vital parameters

Temp. (2x)
EKG (4x)
Feuchtigkeit (2x)

Atmung (2x)

Body

Temperature
ECG

Moisture
Respiration
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Functionalized bandages / Compression textiles

� Optimized protection/ compression of the joint
� Specific use of elastic components

Quelle: Sporolastik
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Prepared half shell for the underarm

Orthopadic fixation

Textile +
reactive resins
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Medical stockings

Research targets: 
- better performance
- better acceptance
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� avoid loss of efficiency

� reduction of microbielle attack

� reduction of smell

� prevention of transfer and proliferation of pathogenic germ

- Silver as active component
- optimale efficiency to germs

- Silver solution applied in a  
Foulard

- release of Silver ions during use
of bangage

Antimicrobielle finishing of Compressions bandages
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WoundsWounds

�� mechanicalmechanical damagedamage: : 
�� Cut, Cut, StitchStitch--, , bitebite, , 
�� Abrasion, Abrasion, lacerationlaceration, , contusioncontusion, , shotshot, , 

�� DecubitusDecubitus ((byby longlong termterm pressurepressure pointspoints) ) 

�� thermicthermic
�� burnsburns, , scaldingscalding oror freezefreeze

�� chemicalchemical ((comparablecomparable to to burnsburns))

�� acidacid, , alkalicalkalic

�� radiationradiation ((comparablecomparable to to burnsburns, , butbut bad bad healinghealing))

�� ChronicChronic woundswounds: Ulcus cruris (: Ulcus cruris (diabetisdiabetis))
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ProblematicProblematic woundswounds / / chronicchronic woundswounds

Ulcus cruris:

- Bad healing lower leg

- reason: insufficent blood supply of tissue

- Appr. 90 % of all lower leg wounds.

Quelle: B. Braun

- high venous pressure during standing
�Dilatation / valves insufficiency � chronic venous
insufficiency
� tissue damage
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Dekubitus

- local damage of tissue by insufficent blood supply by pressue and abrasion
and shear force

-.

ProblematicProblematic woundswounds / / chronicchronic woundswounds

Spacer Fabric:
applications: 

• pressure reduction 
OP-table

• cover of Matrazies

• medical

• Ortheses

• Bandages
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� Tubes
Vascular grafts
Trachea, Oesophagus

� Wound healing
Skin
Sutures

� Carrier Materials
Drug Delivery
Tissue Engineering

� Enforcement
Osteosynthesis
Tendon
Hernia

� Separation
Osteosynthesis
Dura
Patches (Heart, Abdomen)

Textiles for Implantation
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Textile Implants

artificial prosthesis (ITVP)

Resorbable / non res. stents

Hernia repair
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Vascular Grafts – Main Problems

� Long-Time Stability

� Thrombosis

� Hemocompatibility, Histocompatibility

� Infections (up to 5%)

� Dilatation 
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Developments of Vascular Grafts

Coating of Surfaces against Infections

� Ag-Salts

� Metallic Ag 

� Impregnation with antibiotics (e.g. Rifampicin)

� Coating with endothelial cells
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Example: B.Braun - SilverGraft®

Quelle: Dr. Goldmann, Aesculap

Advances of Silver:

� highly effective at low concentrations

� now resistance know up to now

� active against broad variety of 

microorganismen



© DITF/ITV

Longtime effect – Silver Release
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Cellular Adhesion on Biomaterials

Biomaterial
Extracellular Matrix

Integrin + bridging protein
(Laminine,Fibronectine)

Cytoskeleton

Adhesion by ‘focal points’

Adhesion-Factors:

Interphase: 

� Hydrophilicity

� Surface Energy

� Surface Structure
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Vitality Test with Endothelial Cells

Direct seeding: all Biomaterials
(MTS - Test, 48 hrs, bovine endothelial cells)

0%

50%

100%

150%

Kontrolle PUR +Ti (385) PTFE+Ti (365) PP+Ti (379) Silikon +Ti
(386)

PET + Ti 1
(366)

Probe
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mit Ti-Beschichtung Endothel

Improvement of cellproliferation
by Ti-Coating for all materials

Procedure:
PACVD (plasma activated chemical 
vapour deposition)
Formation of layers of Titaniumnitrid
and Titaniumcarbid up to 100 nm
Low temperature (< 70°C)
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Proliferation Test with Fibroblasts

5-day-Proliferation of human Fibroblasts
on Polypropylen (coated with Ti)

0

10.000

20.000

30.000

40.000

50.000

60.000

70.000

80.000

1 2 3 4 5

Incubation [days]

C
el

lc
ou

nt
s

Kontrolle

PP

PP+Ti Ch.379

Improvement of cell proliferationby Ti-Coating
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Titanium-coated Hernia - Mesh

Reduced Inflamatory reaction
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Resorbable Materials

Advantages in using resorbable materials:
� no additional operation to remove implant
� no tissue degradation by stress shielding (too much strain relief)
� no corrosion
� adjustable degradation time
� use as temporary scaffolds for tissue regeneration 
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Degradation of resorbable Fibers
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Resorbable Polymers: Extrusion



© DITF/ITV

Multifil, braidedMonofil

Resorbable Polymers: Surgical Sutures, 
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Drawing off
vertically

Drawing off
speed.

v

Mandrel

- acute braiding angle
- drawing off quickly
=> braiding

wide meshed
=> radial expansion

load lower

- flat braiding angle
- drawing off slowly
=> braiding

close meshed
=> radial  expansion

load higher

Project: Polymer-Stents
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Example: Resorbable Stents
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Skin

Cartilage 
  (e.g. Ear)

Heart / Valves

Liver
Kidney

Trachea / Oesophagus

Bone

Gut
Vessels

Cartilage
Tendon / Ligament

Pankreas

 Bladder / Urethra

Nerve regeneration
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Non woven Carrier for Tissue Engineering

 Spunbonded Staple fiber Melt blown Solution blown 

 
 

 
 

20 fach 
 

50 fach 
 

 

50 fach 
 

 

500 fach 

Porosity  
(vol-%)  

80 - 95 80 - 98 65 - 90 60 - 80 

Pore Size 
 (µm) 

20 bis >300 20 bis >300 30 bis >300 1 – 30 /  
5 nm 

Application Cartilage Skin 
Wound dress. 

Cartilage Skin 
Wound dress. 

Carrier  for 
biohyb. Liver 

Trachea,  
Blood vessel 
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Cell pre-
cultivation in 

3-D nonwoven

Implantation
Cell extraction,

cleaning

Joint

Cartilage regeneration

Ear/nose

Nonwovens as Cell Carriers
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Extruder

Melt pump

Hot 
airstream

Hot airstream

Two component nozzle

Polymer melt

Meltblow Process for Non-woven

Pore size 30 - 300 µm
Porosity   70 - 95 %
Fibre Ø 10 - 100 µm
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Meltblow Spinning Head
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Regenerative Medicine

Example: Knee / Cartilage

Today:
Spare Parts (e.g. Metals)

Future:
Regeneration of
Cartilage with
Cells, Biomaterials, 
Cytokines

www.medical-art-service.de

www. alphaklinik.de

www.kneeindia.com
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Cartilage regeneration

Nonwovens as Cell Carriers

Cartilage cells as carrier in a nonwoven made of absorbable polymers (Polyglykolacid)
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Blood vessel

Islets of Langerhans

Makrodevice

Biohybrid Pancreas

Organ Replacement with Nonwovens

In a vessel, the Islets of Langerhans produce insulin which is indispensable for a 
diabetic‘s life
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Project: Biohybrid Liver

Partner:

Chirurgische Uni-Klinik Tübingen
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Bioartificial Liver Circuit

Experimental laboratory setup

pO2, pressure, 
temperature

pO2, pH, 
temperature
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Oxygen
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�Volume:  5 ml

�Oxygenation: PP-Capillary membranes

�Can be sterilised

Biohybrid Liver
Design of the reactor

Cross section
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Cell arrangement within artificial matrix

Liver-Function Replacement
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Burn Treatment / Ulcus cruris

CE-approved

FDA-approved

Suprathel® Standard

3 months after trauma
Cross-section of membrane

Suprathel®
Day 1 after trauma

Resorbable Skin Replacement
Suprathel®

KFDA-approved
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Bundle of molded fibers

Idea

Capillary membrane

Nerve damage

System

Nerve Regeneration

Resorbable hollow fiber (pharmaceutical lead)
Nerve fiber

Nerve fiber end
Functionalized
inner surface Nerve fiber‘s end
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Skin Tolerance Test

� Toxical substances
mouse fibroblasts

� Conditions of testing
ISO 10993

� Transfer condition

� Cellular vitality: MTT-Test

� Test on skin-irritating
Substances

� Human Keratinozytes

� Measurement of the
inflammation mediators

ITV-Test-System
Skin tolerance

�Cytotoxicity test Keratinocyte test

Identification of
Chemical substances
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Center of Excellence for Medical Textiles 
Denkendorf

Health

Medical Textiles
ITV DenkendorfHospital

Rehabilitation

Maintenance / care

Manufacturer /distributor

Sanitary trade

Wellness
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Quelle:Surgicline, 

Textiles for the
operation theater

Life time:
> 100 cycles

Medical Textiles
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Testing Laboratories

� Central testing laboratories
(general textile tests)

� Specialty laboratories Technical Textiles 
(bio-physiology, environmental simulation, surface coating)

� Testing laboratory biology
(micro-biology, cell culture technology, cytotoxicity)

Skin Tolerance TestEnvironmental Simulation Testing device for car upholstery
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Centers of Excellence/ Networks

Center of Excellence

Medical Textiles

Denkendorf

Baden-Württemberg

Center of Excellence

Technical Textiles

Denkendorf

Center of Excellence

Biomaterials

Bio-Profile

Stuttgart-Tübingen

Alliance of Fiber Based
Materials BW

AFBW



Thank you for your attention!

Further information?
www.itv-denkendorf.de


