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Introduction 

 
Progress in life sciences is increasingly caused by utili-

zation of unrelated technologies and knowledge. Microelec-
tronics, optics, or material sciences as well as nanotechnology 
nowadays are key technologies in modern medicine. A similar 
trend can be expected concerning plasma technology. Plasma 
medicine as an independent medical field is emerging world-
wide − comparable to the development of laser technology 
years ago. Plasma medicine can be subdivided into three main 
components: plasma surface modification, plasma bio-
decontamination, and – as the central field – therapeutic 
plasma application. The scientific basis of plasma medicine is 
a fundamental knowledge of the mechanisms of plasma inter-
action with living cells and tissue (Fig. 1). 

In the areas of plasma surface modification and plasma 
bio-decontamination, plasma is used to treat surfaces and 
products to improve their bio-applicability and bio-
performance, respectively, to use it for therapeutic purposes.  
Whereas in these fields, both low-pressure and atmospheric 
pressure plasmas can be used, for direct therapeutic plasma 
applications only atmospheric pressure plasma sources can be 
used. 

 
 

Plasma surface  modification 
 
Plasma surface modification is a state-of-the-art tech-

nique to optimize medical implants and biological diagnostic 
tools1,2. Own experiences include the alteration of surface 
energy to increase the wettability of polymer surfaces by 
plasma treatment3, plasma-induced chemical micropatterning 
for cell culture control4 as well as plasma-based polymer coat-
ing of implant surfaces to optimize its biocompatibility as 

well as bio-functionality5. A new and very promising applica-
tion is the plasma-assisted coating of surfaces to realize the 
controlled delivery of active substances as antibiotics or cells 
for therapeutic use6.  

 
 
Plasma bio-decontamination 

 
Plasma based antimicrobial treatments of sensitive prod-

ucts are in the focus of scientific research and development 
for several years. The technological potential of non-thermal 
plasmas for the antimicrobial treatment of heat sensitive mate-
rials is well known7,8. One of the main advantages of proc-
esses using atmospheric pressure plasmas is the possibility to 
adapt it to a great extent to special product requirements9. 
There is a huge chance to use atmospheric pressure plasma 
sources for effective antimicrobial treatment of sensitive as 
well as intricate medical products like medical catheters 
(Fig. 2) and diagnostic devices as well as pharmaceutical 
packaging materials10−12.  

 
 
 
 
 
 

 
Therapeutic plasma application 

 
The use of physical plasmas for bio-decontamination 

just as first surgical plasma applications like argon-plasma 
coagulation (APC)13,14 are mainly based on lethal plasma 
effects on living systems. However, there is an additional 
huge potential of low temperature plasma application for 
therapeutic fields, which will be based on non-lethal, stimulat-
ing plasma effects on living cells and tissue15,16. 

An extremely promising field will be the plasma-based 
treatment of chronic wounds. A selective antimicrobial 
(antiseptic) activity without damaging surrounding tissue, 
combined with a controlled stimulation of tissue regeneration 
could revolutionize wound care. Other fields are the treatment 
of skin diseases, tissue engineering, or tumour treatment 
based on specific induction of apoptotic processes. First prac-
tical applications of plasmas for wound healing have been 
interpreted to be very promising, but are only empirical indi-
vidual case reports16. Own present studies are focussed on the 
verification of a selective antiseptic effect of an atmospheric 
pressure plasma source, i.e. the inactivation of infectious mi-
cro-organisms on living tissue like wounds without damaging 
side effects. Second step of this work is to investigate the 
chance of plasma-based stimulation of cell proliferation and 
tissue regeneration. This is investigated using in-vitro cell 
culture models to establish a scientific basis for following 
systematic clinical application studies. The aim of this work is 
to develop a plasma-based device for effective wound antisep-
tics combined with stimulation of wound healing (Fig. 3).  Fig. 1. Plasma medicine: scientific basis and main components 

Fig. 2. Modular arrangement of Rf-driven plasma jets for cathe-
ter treatment11 
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Outlook 
 
The main challenge to open up systematically new and 

promising fields of plasma application in life sciences is to 
understand the basic physiological and biochemical mecha-
nisms of plasma interaction with living cells and tissue. This 
includes the systematic investigation of direct plasma effects 
on growth and vitality of cells just as indirect plasma effects 
on the vital environment of cells and tissue. On a solid scien-
tific basis, new therapeutic plasma applications e.g. in derma-
tology, surgery, or dentistry, will be opened during the next 
years17. 
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Fig. 3. Concept of multi-stage selective plasma-application for 
wound healing 


