
-1- 

 

Applied Plasma Medicine 

Gregory Fridman
1
, Gary Friedman

2
, Alexander Gutsol

3
, Anatoly B. Shekhter

4
, Victor N. Vasilets

3
, 

Alexander Fridman
3 

1
 School of Biomedical Engineering, Science, and Health Systems, Drexel University, Philadelphia, USA. 

2
 Electrical and Computer Engineering Department, Drexel University, Philadelphia, USA. 

3
 Mechanical Engineering and Mechanics Department, Drexel University, Philadelphia, USA. 

4
 I.M.  Sechenov Moscow Medical Academy, Moscow, Russia. 

 

Table of contents (400 characters max): 

Non-equilibrium atmospheric pressure discharges are 

becoming quite an intriguing new tool in a medical setting.  

Applications of non-thermal plasmas in medicine for 

sterilization of living tissue, in vivo and in vitro blood 

coagulation, wound healing and tissue regeneration, plasma-

treatment of various skin diseases like Melanoma cancer, Leishmaniasis, various ulcers, and others are 

reported. 

Summary (Abstract) (700 characters max): 

In this review an emerging field of plasma medicine is discussed, where non-equilibrium plasmas are 

shown to be able to initiate, promote, control, and catalyze various complex behaviors and responses in 

biological systems.  More importantly, it will be shown that plasma can be tuned to achieve the desired 

medical effect, especially in medical sterilization and treatment of different kind of skin diseases.  Wound 

healing and tissue regeneration can be achieved following various types of plasma treatment in a 

multitude of wound pathologies.  The non-equilibrium plasma will be shown to be non-destructive to 

tissue, safe, and effective in inactivation of various parasites and foreign organisms.   

Keywords: non-thermal plasma, non-equilibrium plasma, air plasma, dielectric barrier discharges 

(DBDs), atmospheric pressure glow discharges (APGDs), sterilization, disinfection, blood coagulation, 

skin diseases, wound healing, tissue regeneration, plasma medicine. 
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1. INTRODUCTION  

In physical sciences, ñplasmaò refers to the forth state of matter; while in medicine and biology ñplasmaò 

is known as the non-cellular fluid component of blood.  Interestingly, the term plasma has been coined by 

Irving Langmuir to emphasize that the characteristics of ionic liquids ubiquitous in biology and medicine 

are analogous to plasma in the physical sciences [1].  Despite this historical connection, few applications 

of plasma in medicine have been explored until recently [2].  This situation is rapidly changing, and the 

main purpose of this review is to provide an update on the recent research related to applications of 

plasma in medicine and to possible mechanisms of interaction between plasma and living matter. 

Plasma can exist in a variety of forms and can be created in different ways.  In many technological 

applications, for example, plasma exists at low gas pressures.  Lightning, on the other hand, is an example 

of atmospheric pressure thermal plasma.  For the purpose of this article it is important to distinguish 

between thermal and non-thermal plasma.  In all plasmas supported by electric field, electrons receive the 

external energy much faster than the much heavier ions and have the opportunity to heat up to several 

thousands of degrees before their environment heats up.  In non-thermal plasma cooling of ions and 

uncharged molecules is more effective than energy transfer from electrons and the gas remains at low 

temperature.  For this reason non-thermal plasma is also called non-equilibrium plasma.  In thermal 

plasma, on the other hand, energy flux from electrons to heavy particles equilibrates the energy flux from 

heavy particles to the environment only when temperature of heavy particles becomes almost equal to the 
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electron temperature. Of course the terms thermal and non-thermal, equilibrium and non-equilibrium are 

not very precise.  Sometimes even a few tens of degrees difference in the temperature of the heavier 

species can play a substantial role.  This is particularly important when various plasma-chemical 

processes are considered.  It is certainly important when plasma is used to treat heat sensitive objects.   

Some of the earlier applications of plasma in medicine relied mainly on the thermal effects of plasma.  

Heat and high temperature have been exploited in medicine for a long time for the purpose of tissue 

removal, sterilization and cauterization (cessation of bleeding) [3].  Warriors have cauterized wounds by 

bringing them in contact with red hot metal objects since ancient times.  Electrocautery is a more modern 

technique which applies controlled heat to surface layers of tissue by passing sufficiently high current 

through it [4].  However, contact of tissue with metal surface of a cautery device often results in adhesion 

of charred tissue to the metal.  Subsequent removal of the metal can peel the charred tissue away re-

starting bleeding.  Some of the earlier applications of plasma in medicine provided an alternative to metal 

contact electrocautery.  In Argon Plasma Coagulation (also called Argon Beam Coagulation) highly 

conductive plasma replaced the metal contacts in order to pass current through tissue avoiding the 

difficulties with tissue adhesion.  Hot plasma is also being employed to cut tissue [3, 5-8], although the 

exact mechanism by which this cutting occurs remains unclear.  Heat delivered by plasma has also been 

employed recently for cosmetic re-structuring of tissue [9-11]. 

What differentiates more recent research on applications of plasma in medicine is the exploitation of non-

thermal effects.  Why are non-thermal effects of plasma so interesting and promising? The main reason is 

that non-thermal plasma effects can be tuned for various sub-lethal purposes such as genetic transfection 

[12-14], cell detachment [15-18], wound healing [19-23], and others (i.e., [2, 24, 25]).  Moreover, non-

thermal effects can be selective in achieving a desired result for some living matter, while having little 

effect on the surrounding tissue.  This is the case, for example, with recent plasma blood coagulation and 

bacteria deactivation which does not cause toxicity in the surrounding living tissue [19, 20].  This review 

will concentrate mainly on these novel non-thermal effects and on possible non-thermal mechanisms of 

interaction between plasma and living organisms.   

Most of research focusing on the use of non-thermal plasma effects in medicine can be fit into two major 

categories: that are direct plasma treatment and indirect plasma treatment [26].  In direct plasma treatment 

living tissue or organs play the role of one of the plasma electrodes.  In many cases voltage does not need 

to be directly connected to this living tissue electrode, but some current may flow through living tissue in 

the form of either a small conduction current, displacement current or both.  Conduction current should be 

limited in order to avoid any thermal effects or electrical stimulation of the muscles.  Direct plasma 
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treatment may permit a flux of various active uncharged species of atoms and molecules as well as UV 

radiation to the surface of the living tissue.  These active uncharged species generated in plasma will 

typically include ozone (O3), NO, OH radicals, etc.  However, the most important distinguishing feature 

of the direct plasma treatment is that a significant flux of charges reaches the surface of the living tissue.  

These charges may consist of both electrons as well as positive and negative ions.   

In contrast, indirect plasma treatment employs mostly uncharged atoms and molecules that are generated 

in plasma, but involves small, if any, flux of charges to the surface.  In indirect treatment the active 

uncharged species are typically delivered to the surface via flow of gas through a plasma region.   

Both indirect and direct non-thermal plasma treatments permit some degree of tuning of the plasma 

properties [26].  For example, the amount of NO vs. ozone produced in plasma can be tuned.  It is also 

possible to tune micro-structure of the plasma discharge which can be particularly relevant in direct 

treatment.  The fact that direct plasma treatment involves substantial charge flux provides greater 

flexibility in tuning the non-thermal plasma effects.  Indirect plasma treatment, on the other hand, may 

have an advantage when the plasma device needs to be at a substantial distance from the surface.   

2. ANIMAL AND HUMAN LIVING T ISSUE STERILIZATION  

2.1. Direct Plasma Medicine, Floating-Electrode Dielectric Barrier Discharge 

(FE-DBD) 

The direct plasma treatment implies that living tissue itself is used as one of the electrodes and directly 

participates in the active plasma discharge processes.  Thus Figure 1 illustrates direct plasma treatment 

(sterilization) of skin of a live mouse.  Dielectric Barrier Discharge (DBD) plasma is generated in this 

case between the quartz-surface covered high-voltage electrode and the mouse which serves as a second 

electrode. 



-6- 

 

 

Figure 1.  Non-damaging room temperature and atmospheric pressure FE-DBD plasma for treatment of living tissue: animal 

treated for up to 10 minutes remains healthy and no tissue damage is observed visually or microscopically [20] . 

Direct application of the high-voltage (10-40 kV) non-thermal plasma discharges in atmospheric air to 

treat live animals and people requires a high level of safety precautions.  Safety and guaranteed non-

damaging regimes are the crucial issues in the plasma medicine.  Discharge current should be obviously 

limited below the values permitted for treatment of living tissue.  Moreover, discharge itself should be 

homogeneous enough to avoid local damage and discomfort.  Creation of special atmospheric discharges 

effectively solving these problems is an important challenge for plasma medicine.   

Fridman et al. especially developed for this purpose the floating-electrode dielectric barrier discharge 

(FE-DBD), which operates under the conditions where one of the electrodes is a dielectric-protected 

powered electrode and the second active electrode is a human or animal skin or organ ï without human or 

animal skin or tissue surface present discharge does not ignite [19, 20, 26, 27].  In the FE-DBD setup, the 

second electrode (a human, for example) is not grounded and remains at a floating potential.  Discharge 

ignites when the powered electrode approaches the surface to be treated at a distance (discharge gap) less 

than about 3 mm, depending on the form, duration, and polarity of the driving voltage. 

Simple schematic of the FE-DBD power supply and voltage/current oscillograms are illustrated in Figure 

2 [19].  Typical value of plasma power in initial experiments was kept about 3-5 W, surface 

power density 0.5-1 W/cm
2
.  Further development of the FE-DBD discharge is related to optimization of 

shape of the applied voltage to minimize the DBD non-uniformities and related possible damaging 

effects.  The best results thus far have been achieved by organization of the FE-DBD in the pulsed mode 

with pulse duration below 30-100 nsec [28-30], which results in the no-streamer discharge regime, 
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sufficient uniformity and possibility of the non-damaging direct plasma treatment even when the second 

electrode is a living tissue and therefore wet, dirty, and essentially non-uniform. 

As soon as the atmospheric discharge is safe, it can be effectively applied directly to human body as it is 

illustrated in Figure 3.  Thus the highly intensive and effective non-thermal plasma devices can be 

directly applied to living animal or human tissue for different types of medical and cosmetic treatment.  

As a first example, let us consider medical sterilization of living tissue.   

 

 

Figure 2.  Schematic of FE DBD discharge plasma power supply (P.S.).  Voltage and current oscillograms [19] . 


