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A B S T R A C T

Purpose: The aim of this study was the characterisation of a microwave-driven atmospheric plasma jet (APJ)
dedicated for medical applications. The scientific focus includes harmless sterilization of surfaces and ther-
apeutic treatments in dentistry.
Methodes: The plasma was investigated with respect to potential health risks for human beings, which could
occur especially by the gas temperature, heat flow, patient leakage current, UV emission and ozone emission
from the plasma jet, according to DIN SPEC 91315:2014-06 (General requirements for plasma sources in
medicine) [1].
Results: The results of the experiments indicate a high potential of the plasma jet to be used as a medical device
exhibiting low gas temperatures up to 34 °C. The calculated leakage currents are mostly below the 10 μA
threshold. The limiting UV exposure duration for the APJ with a calculated maximum effective irradiance of 2.6
μW/cm2 is around 19 min, based on the exposure limits of the international commission on non-ionizing ra-
diation protection guidelines (ICNIRP) [2]. A significant ozone concentration was observed mainly in the axial
effluent gas flow. Ozone concentration strongly decreases with increasing distance from the plasma source exit
nozzle.
Conclusion: The investigated APJ exhibits physical properties that might not constitute health risks to humans,
e.g. during treatment in dentistry. Thus, the APJ shows a high potential for application as a device in dental
therapy.

1. Introduction

Beside the wide range of plasma application in many fields ex-
tensively described by Woedtke et al. [3], the medical applications of
atmospheric plasmas are ever-expanding in the last years. The scientific
focus in the medical field includes among others plasma coagulation
[4–6], wound healing [7–9], preventive medicine for decontamination,
sterilization and disinfection in healthcare [10–13], experimental
cancer research [14–19], in HIV research [20] as well as sterilization
and therapeutic treatments in dentistry [21]. Contemporary aspects of
plasma application in dentistry, like the modification of dental implant
surfaces, enhancing of adhesive qualities, decontamination, root canal
disinfection and tooth bleaching, were described and reviewed by dif-
ferent authors [22–24]. The successful application of our atmospheric
plasma jet (APJ) in dental experiments has been published in several
scientific articles focusing on the effective removal of biofilms, killing of
adherent oral microbes, and surface activation of teeth [25–29]. The
biological effectiveness of APJ on a wide range of important oral

microorganisms has been successfully tested (Lactobacillus casei, Strep-
tococcus mutans, Candida albicans and Escherichia coli). Escherichia coli
were included as reference [27]. Surface temperatures occurring during
APJ irradiation were measured by means of infrared-camera thermo-
scopy (Optris PI, Optris, Germany) at the point of contact to the re-
spective sample surfaces. Hence, temperatures below the biological
tolerance threshold were assured. However, in order to ensure a com-
mercial launch with CE marking in future, among others an expansive
risk evaluation of APJ is necessary as first step [30]. The estimation of
risk factors allows the comparison of different plasma sources and
clarifies future minimal standards [31]. In the present paper the APJ is
characterised with respect to risks for patients according to DIN SPEC
91315:2014-06 (General requirements for plasma sources in medicine)
[1], which standardises a set of experiments in order to estimate the
health hazard potential of APJs due to their physical and chemical
properties namely gas temperature, thermal output and heat flow to
treated surface, patient leakage current, UV radiation and ozone
emission.
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2. Material and methods

2.1. Atmospheric plasma jet (APJ)

The plasma system comprising the plasma source and a 2.45 GHz
microwave pulse generator used for the investigations has been de-
scribed earlier by Lehmann et al. [26]. Microwave power was coupled
into the plasma source in the form of rectangular pulses by a coaxial
cable, where pulse peak power (PP) was 200 W and the pulse repetition
frequency (fP) was 1.46 kHz. The pulse width (tP) was adjusted to 5 µs.
The used parameters resulted in a mean input power (PM) of 1.5 W
according to Eq. (1):

=P t P fM P P P (1)

Pulse shape and frequency were monitored using an oscilloscope
(TPS2024, Tektronix, Bracknell, U.K.). The carrier gas was helium with gas
flow rates of 1.5, 2.0 or 3.0 slm. Nitrogen was used as peripheral shielding
gas with flow rates between 0.2 and 0.4 slm. With the given set of electrical
and gas parameters a plasma jet was generated exhibiting a visible length of
7–8 mm and a diameter of approx. 1 mm (see Fig. 1a). A sketch of the
plasma source under investigation is shown in Fig. 1b. All measured
quantities described below were determined along the jet axis for different
distances from the nozzle exit (working distance).

2.2. Gas temperature

Plasma gas temperature is a main factor to characterize an atmo-
spheric plasma source especially for medical applications. For this ap-
plication cold plasmas are used. In literature [32–34] the temperature
model of such non-thermal low temperature plasma discharges is de-
scribed. One of the main characteristic of these plasmas is that the
applied electrical energy primarily generates energetic electrons. These
energetic electrons produce excited species, ions, as well as additional
electrons. In case of cold plasma jets the entire gas stream is less heated
than in thermal plasmas, since heavy particles are slightly heated by a
few elastic collisions [33] and remain in a low-energetic state [35].

The temperature measurements were carried out by means of a
FOTEMP1-4, fiber optic temperature monitoring system (Optocon AG,
Germany). The fiber optic thermometer offers complete immunity to
microwave radiation [36]. Hence, undisturbed measurement values are
ensured. The temperature-sensitive fiber tip was 1 mm in diameter.
Hence, the system is suitable for spatially resolved determination of
plasma gas temperatures. Data sample rate was chosen to be 1/s. For
measurement of the radial temperature distributions two perpendicular
cross section line scans of the APJ across the fiber optic were carried out
with a scan velocity of 0.1 mm/s.

Axial temperature distribution at the respective positions of the
maximum radial temperature was recorded at intervals of 1 mm along
the visible jet axis, between distances of 1 mm and 5 mm.

2.3. Heat flow

Measurements of the plasma jet heat flow were accomplished uti-
lizing the fiber optic temperature monitoring system mentioned in the
section above, while the fiber tip was connected to a copper body (mass
m: 0.35 g; thermal capacity cw: 385 J/kg K) according to DIN SPEC
91315. The heat flow (P) of the APJ was determined by fitting the slope
of the transient temperature curve ∆T/∆t in the near-linear region
during the heating-up phase and calculating P according to

=P m c T t/ .w (2)

Fig. 2 shows an example of a transient temperature measurement.
The experimental setup is shown in Fig. 3a.

2.4. Patient leakage current

The DIN SPEC 91315 [1] refers to IEC DIN EN 60601 [37] in order
to evaluate the patient leakage current from the plasma jet. Equipment's
provided with not more than one connection to a particular mains
supply and used for compensation or alleviation of disease, injury or
disability have to be certificated according to IEC DIN EN 60601 [37].
An investigation according to this fundamental norm in Europe [54] is
necessary to ensure save operation of the plasma jet as medical-elec-
trical equipment [9]. In Table 1 the regulatory limits of patient leakage
current for standard condition (N.C.) and single fault condition (S.F.C.)
for devices of type B are given. Type B describes a component (body),
which is not designed to transmit current to human body however a
power transmission is conceivable [38]. Four types of leakage currents
are described (ground leakage current, housing leakage current, patient
leakage current, and patient auxiliary current), whereas in this study
only the patient leakage current for standard condition was examined.

Fig. 1. a) Atmospheric pressure plasma jet – APJ (IOM, Leipzig, Germany); made by NTG GmbH, Gelnhausen, Germany, b) sketch of the APJ source.

Fig. 2. Example for calculation of the heat flow of the APJ.
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An overview of effects of current on human beings and livestock is
published by DIN VDE V 0140-479-1 [39]. For the human body re-
sistance the simplified human body model described in IEC DIN EN
60601-1 according to Eisner et al. [40] was built (see Fig. 3b). An
isolated graphite slab served as an electrically conducting surface which
was carried by a metal box containing the electric circuit emulating the
body resistance. This circuit consists of resistor R2 (1 kΩ), followed by
an RC-filter formed by resistor R1 (10 kΩ) and capacitor C1 (0.015 µF).
Such a circuit takes into account the human body and the risk of ven-
tricular fibrillation [40]. The transmitted current was determined by
the measurement of voltage V. The resulting patient body leakage
currents were calculated from the monitored transient voltage by in-
tegration over time, as follows:

=
=
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t1 ( )
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t

0 2

int

(3)

=I I t fLeakage Pulse int P (4)

where IPulse is the current pulse, tint the integration time, V the voltage,
Δt the inverse count rate and fP the pulse repetition frequency.

2.5. UV emission

Medical application of ultraviolet radiation is found e.g. in dentistry
for photocuring of composites by UVA, and in dermatology (all UV
bands) [41]. Since atmospheric plasmas are known to emit UV radia-
tion, it is necessary to obtain a quantitative measure of UV light emitted
by the gas discharge. The international commission on non-ionizing
radiation protection guidelines (ICNIRP) is an independent organiza-
tion of scientific experts for advising and guiding about health and
environmental effects from non-ionizing radiation (NIR) (which means
electromagnetic radiation), in order to protect people and the en-
vironment from it. The limits in this guideline were based on scientific
data [2]. In order to quantify the UV radiation in terms of an irradiance
E (W/cm2) for continuous exposure of eye and skin generated by the
plasma, we have regarded the ICNIRP guidelines on limits of exposure
to ultraviolet radiation of wavelengths between 180 nm and 400 nm
(incoherent optical radiation). Therefore, optical spectroscopic mea-
surements were performed. An optical spectrometer (AOS 4-1, IFU
GmbH, Germany) was employed that is capable to detect radiation in a

wavelength range of 250–800 nm. The spectral range of 250 nm to
400 nm was investigated, since it includes the following types of UV
emission bands: UVC between 100 nm to 280 nm, UVB from 280 nm to
315 nm, and UVA from 315 nm to 400 nm [12], respectively. The range
between 100 nm and 250 nm could not be observed because of spectral
limitations of the spectrometer. The experimental setup (Fig. 3c) de-
scribed in DIN SPEC 91315 was adopted for these measurements. The
quantitative determination of the effective irradiance and permissible
exposure time to skin within an 8 h period is described in detail by the
ICNIRP. Measured spectral irradiance Eλ (µW cm−2 nm−1) of a broad
band UV source is weighted against the relative spectral effectiveness,
which is a function of spectral weighting factors S(λ) to obtain the ef-
fective irradiance Eeff (µW/cm2). Since ultraviolet radiant exposure in
the spectral region 180–400 nm incidents upon the unprotected eyes
should not exceed 3 J/cm2, the permissible exposure time in seconds
may be computed by dividing the limit mentioned above by Eeff [2,42].

In order to calibrate the spectral intensity scale of the spectrometer,
reference measurements were carried out using a calibrated spot light
UV source (LC8 HAMAMATSU PHOTONICS K.K., Japan). The UV light
source associated with the condenser lens E7658-01 and set to 50% of
irradiance emits an integrated irradiance of 169 mW/cm2 at a center
wavelength of 365 nm and a distance d of 10 mm in front of the exit
lens. Assuming a linear response from the spectrometer detector within
the spectral range of 250 nm to 400 nm the integrated intensity of APJ
spectra can be normalized to the integrated intensity of the UV lamp.

A fused silica glass plate with thickness of 2 mm was located at a
distance d of 10 mm in front of the spectrometer entrance lens for
measurements of UV light emerging from the lamp as well as from the
APJ. The glass plate was equipped with a black mask exhibiting a cir-
cular aperture of 1.5 mm in diameter in order to maintain equal solid
angle conditions for the detection of radiation from both UV sources
under investigation. A sketch of the experimental configuration for UV
emission measurements of the APJ is shown in Fig. 3c.

2.5.1. Ozone emission
Ozone is generated in atmospheric plasma jets by its reactive species

that react with the oxygen of the surrounding air. It is on the one hand
side an antimicrobial effective gas for air disinfection in food industry
[43,44]. Beside reactive oxygen species (ROS) and reactive nitrogen
species (RNS), UV radiation, electrical fields and currents, ozone has a
direct impact on the cells of microorganisms [45] and effects superficial
tissues [46]. The concentration of ozone is strongly depending on the
used parameters, like device setup, power of plasma excitation and gas
composition [47]. On the other hand, ozone is an important toxic gas
with harmful effects to human respiratory. According to EU directives
(2002/3/EG) ozone constitutes no health risk at concentrations up to
0.055 ppm (110 µg/m3), or by Suva up to 0.1 ppm for long-time ex-
position, usually over a period of eight hours, respectively [31,42].

For the measurements of the ozone concentration generated by the
APJ a Thermo Environmental Instruments Model 49C Ozone Analyzer

Fig. 3. Experimental setups, a) for calorimetric measurements, b) electrical human body model and c) for UV emission measurements.

Table 1
Regulatory limits of patient leakage current according to IEC DIN EN 60601 for
devices of type B.

Type B

Standard condition (N.C.) Single fault condition (S.F.C.)

AC 10 µA 50 µA
DC 100 µA 500 µA

A. Lehmann et al. Clinical Plasma Medicine 7–8 (2017) 16–23

18



Thermo Scientific, Germany was used. It measures ozone concentra-
tions via UV absorbance at 254 nm with a precision of 1 ppb in a range
of 0–0.05 to 200 ppm. The actual ozone concentrations were detected
under three different measuring angles at a fixed distance of 10 mm
between APJ and the probe as well as in dependence of different dis-
tances between the plasma source and the ozone probe on the jet axis at
180°. The experimental setups were arranged according to DIN SPEC
91315 and are shown in Fig. 4.

3. Results

3.1. Temperature measurements

Temperature measurements were carried out at fixed power para-
meters and varying gas flow parameters. An example of a radial tem-
perature profile is shown in Fig. 5a. From the respective measured ra-
dial temperature profiles the maximum temperatures at the working
distances were calculated. The results for the axial temperature dis-
tribution are shown in Fig. 5b. A cooling effect is supported by the
transient discharges using short electric pulses, followed by pulse
pauses with not ignited gas stream. As expected, a temperature decrease
is observed resulting from an increase of the gas flow. The gas flow is
applied through the discharge zone; hence the plasma temperature re-
mains low because of convective cooling [48]. The inner diameter of
the micro-wave powered inner capillary pipe is 0.314 mm. For an es-
timation of the flow condition we have calculated the exit flow Rey-
nolds numbers of the inner gas stream as follows:

= VL
v

Re (5)

[49], where V is the mean fluid velocity, L the inner diameter of the

tube and v is the kinematic viscosity of helium [50] according to the in
situ measured jet temperature at a distance of 1 mm for each gas flow
rate, respectively. Table 2 shows the data for kinematic viscosity from
literature and the calculated Reynolds numbers. In literature, the Rey-
nolds number of approximately 2000 is referred as the ‘‘critical’’ Rey-
nolds number (Recr) for a transition from laminar to turbulent flow
regime [51,52]. The results exhibit the transition from laminar jet
conditions at 1.5 slm and 2.0 slm He-flow rates towards to a turbulent
regime at a He-flow rate of 3.0 slm.

All graphs in Fig. 5b show a temperature gradient with the working
distance. An ascending temperature profile with the maximum tem-
perature of 59 °C near the tip of the APJ was registered at gas flow rates
of 1.5 slm He and 0.2 slm N2. An increased gas flow of 2.0 or 3.0 slm He
and 0.2 or 0.4 slm N2 led to gas temperatures profiles which decrease
towards the visible plasma jet tip. Thereby, the temperature gradient is
higher with increasing turbulent gas flow of 3.0 slm He. For the highest
gas flow rates temperatures in the range of 34 °C at the tip to 44 °C near
the plasma source were obtained. This allows applications in a bio-
compatible regime. Furthermore, the diagrams show that the visible jet
length was influenced by the gas flow. High flow rates resulted in
longer visible length (approx. 8 mm). All final measurement points re-
present the visible length of the plasma jet.

Fig. 4. Experimental setup for detection of ozone concentrations at different measuring angles.

Fig. 5. Temperature measurements by means of fiber optic thermometer, a) radial jet profile and b) maximum temperatures along the APJ axis from nozzle to plasma
tip for each gas parameter.

Table 2
Calculated Reynolds numbers Re, according to the He-flow rate and the kine-
matic viscosity [50].

He-flow rate [slm] Kinematic viscosity [m2/s] Re

1.5 1.4181 × 10−4 1430
2.0 1.3950 × 10−4 1937
3.0 1.3360 × 10−4 3037

A. Lehmann et al. Clinical Plasma Medicine 7–8 (2017) 16–23

19



3.2. Measurement of heat flow

For these measurements the same set of gas flow parameters were
adjusted as for the temperature measurements. No significant changes
of the heat flow in dependence of the distance between the copper body
connected to the fiber optic and the plasma jet source was detected.
Therefore the axial distance for measurements presented in Fig. 6 was
fixed to 3 mm.

With this gas flow and working distance parameters, the influence
of the pulse repetition frequency was tested (Fig. 6).

The heat flow significantly increases at rising pulse repetition fre-
quencies and decreasing gas flows, indicating the large influence of the
total gas flow rate for cooling the plasma irradiated surface.
Analogously to temperature measurements a decrease of the heat flow
was observed by the increase of the gas flow rate from 2.0 slm to 3.0 slm
He and 0.2 slm to 0.4 slm N2, respectively.

With respect to the application temperature, the favored application
parameters of 1.46 kHz and a flow rate of He of 3.0 slm and N2 of
0.4 slm show a thermal output of about 165 mW which is similar to
results in literature [31]. In addition to results of temperature mea-
surements, this set of parameters seems to be optimal for effective but
harmless application being independent of the distance of the plasma
source to the surface.

3.3. Measurement of leakage current

Leakage currents are main factors of concern in the application of
electrical devices to the human body. Electrical current has very dif-
ferent effects to human bodies. Beside the controlled medical applica-
tion electrical current flowing through the body can cause a slight
tingling right up to stimulation of muscles and nerves, resistive heating
of tissue and electrochemical burns or even electric shock [53,54].
Different influence of ambient conditions, such as the humidity and
conditions of skin, the size of contact area and the dwell time play an
important role. In literature an average total resistance of skin and in-
ternal resistance of 1 kΩ (AC) are described [53,55]. The threshold
currents are described by DIN EN 60601 to be 100 µA (DC) and 10 µA
(AC) [25,38]. Fig. 7 shows an example of the average of 128 single
voltage pulses measured with the human body resistance model de-
picted in Fig. 3b, where variable positions along the APJ axis and a gas
flow rate of 3.0 slm of He and 0.4 slm N2, respectively, were chosen.
The graphs clearly show the influence of the RC-filter. The originally
input pulse length of 5 µs (marked by the grey box) turns into a current
pulse with a rise time of about 18.6 µs. Further it can be seen, that the
voltage appears more negative in distance range from 1 mm to 5 mm
and turns to positive again at 6 mm. Atmospheric plasma jets show a

visible plasma zone (active plasma region), which contains primarily
energetic electrons and reactive species, like OH, N2

* and N2
+ (see

Fig. 9) [56,57]. A closer look to the electron properties and dynamics in
atmospheric helium plasma jets is given by Hübner et al. [58] and
Boeuf et al. [59]. The working distance of 6 mm is in region of the tip of
the visible jet. At this distance a transition from the active plasma re-
gion into a more positive plasma afterglow occurs. There the air pro-
portion is much higher [60,61] and relative long-living radicals, like
OH, O, O3, NO and more [56] are present.

Fig. 8 shows the calculated leakage current along the APJ axis as
well as for varied gas flows from the data in Fig. 7. All graphs show the
same trend. The calculated leakage currents are mostly below the
threshold of 10 µA. Obviously, the gas flow has a significant influence
to the patient body leakage current. The leakage current increases with
increasing gas flows at the jet axis between 2 mm and 6 mm.

3.4. Measurement of UV emission

Optical emission spectra from 250 nm up to 800 nm were measured
at different axial positions of the APJ with gas flows of He of 3.0 slm
and N2 of 0.4 slm (Fig. 9). The spectra consist mainly of atomic emission
lines and molecular bands which can be attributed to He, the second
positive system of N2, and OH [41,62].

The UV emission was quantified on a basis of these spectra between
250 nm and 400 nm. Within the spectral limitations of the spectrometer
no emitted lines were detected between 250 and 290 nm (UVC region).
UVB and UVA emission lines between 295.8 nm and 400 nm were de-
tected and can be ascribed to the second positive system of N2 [62] and

Fig. 6. Calorimetric measurements for evaluation of the heat flow of APJ, taken
at 3 mm from the nozzle with variation of frequency.

Fig. 7. Average of 128 single voltage pulses measured at human body resistance
model from Fig. 3b at different axial distances from the plasma source nozzle.

Fig. 8. Leakage current measurements at different working distances along the
APJ axis.

A. Lehmann et al. Clinical Plasma Medicine 7–8 (2017) 16–23

20



first order ultra violet OH band [41]. The presence of OH is due to
natural water vapor in the open air system.

Fig. 10 shows the calculated irradiance of the APJ between 250 and
400 nm depending on the working distance. The maximum calculated
effective irradiance (Eeff) at a distance of 1 mm is 2.6 µW/cm2. Towards
the distance of 5 mm, Eeff is decreasing to 1.9 µW/cm2. The limiting UV
exposure duration for the APJ with a maximum effective irradiance of
2.6 µW/cm2 is around 19 min, based on the exposure limits of the in-
ternational commission on non-ionizing radiation protection guidelines
(ICNIRP) [2].

3.4.1. Measurement of ozone concentration
Fig. 11 shows the result of the ozone measurements at the APJ for

three different measuring angles with respect to the jet axis (45°, 90°
and 180°).

Measurements at angles of 45° and 90° show no significant differ-
ences with values between 0.7 and 1.7 ppm. However, the ozone con-
centrations in direction of the APJ axis (180°) show strong increase. At
the lowest gas flow the highest concentration of 16 ppm was detected.
The change of ozone concentration depending on the axial distance
between the plasma source and the gas probe is shown in Fig. 12. It
reveals that the ozone concentration is similarly decreasing for all gas
flow rates with the distance down to values of around 4 ppm at a dis-
tance of 16 mm.

4. Discussion

The presented study gives an overview of features of the APJ as a
potential medical device. Different investigations were done to evaluate
the risk for humans during a treatment by APJ.

The APJ works at patient-friendly temperatures and the thermal
output of about 165 mW is similar to results in literature [31]. The low
gas temperature is caused by high gas flow rates and low input power.
Mentioned above, the temperature gradient is higher with increasing
gas flows. Cheng et al. [19] describes the characteristics of the laminar
argon plasma jet impinging normally upon a flat substrate located in air
surroundings. The plasma parameters (temperature, axial velocity,
mass fraction, etc.) are affected by the presence of a substrate, mainly in
the near-substrate region. The decay rates of these plasma parameters
at a turbulent impinging jet are often appreciably larger than in laminar
jets, because more ambient air is entrained into the turbulent jet [19].
In case of the investigated plasma jet we observed a lager gradient of
the jet temperature at a gas flow rate of 3.0 slm of He, which is more
turbulent than the others.

For the leakage current measurement a simple equivalent circuit of
human body resistance has been assumed. The resistance depends on
different factors, such as current path, temperature, humidity of skin,
size of contact area. Not all of these factors have been considered in the
present study. However, especially humidity of skin is a main factor at
medical applications. In future an adapted equivalent circuit of human
body impedance is necessary for specific applications. Further

Fig. 9. Optical emission spectrum of APJ between 250 nm and 800 nm.

Fig. 10. Irradiance Eeff of the APJ in dependence of the working distances (in
range of 250–400 nm).

Fig. 11. Ozone concentration measured under different angles at a distance of
10 mm to the plasma source.

Fig. 12. Ozone concentration at a measuring angle of 180° with varying dis-
tances of the probe to plasma source.
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investigations according to IEC DIN EN 60601 (classification of applied
parts, type B) are necessary in order to ensure save operation of the
plasma jet as medical-electrical equipment.

Optical emission investigations have shown an occurrence of
dominant nitrogen bands in the region of UVB and UVA, due to the
admixture of nitrogen as shielding gas. However, according to [2] an
application of this APJ for about 19 min is possible with the calculated
irradiance Eeff of 2.6 µW/cm2. That is sufficient for antimicrobial ap-
plications in dentistry, as described by Rupf et al. [22]. Weltmann et al.
[31] discussed that the exposure limits and threshold values are de-
pendent on the velocity and the movement of the plasma source over
the skin and the condition of the skin. Furthermore, Weltmann et al.
[31] and Brandenburg et al. [47] describe a strong variation of UV
emission depending on feed gas conditions and capillary outlet espe-
cially for atmospheric pressure plasma. For that reason all plasma de-
vices have to be carefully evaluated for the dedicated medical appli-
cation.

Despite of the nitrogen shielding a significant ozone concentration
mainly at a measuring angle of 180° was observed. This has to be taken
in to account in the final implementation of a medical device.

A further important point of future investigations is the measure-
ment of microwave leakage of this equipment. With usually used
measurement devices (Microwave Survey Meter MM3001B-110AB,
Muegge, Germany) we have not detected microwave radiation, yet.
Time resolved measurements are proposed to detect the microwave
power per pulse.

According to DIN SPEC 91315, these results provide a first estima-
tion of the applicability of the APJ as medical plasma source. In lit-
erature, two basic plasma device principles were described, established
in research and also used in first practical applications: the volume
dielectric barrier discharge (DBD) and the atmospheric pressure plasma
jets (APPJ) [3,9,35]. A comparison of the used APJ with different CE
marked cold plasma medical devices is shown in Table 3. Beside the
different application parameters of atmospheric plasmas, the resulting
tested physical criteria can be seen. Different working conditions result
for each plasma source with respect to the physical and chemical
plasma characteristics, for instance coming from the different discharge
and electrode configuration, type of plasma and gas as well as the used
excitation frequency [57].

5. Conclusions

In summary, the investigated APJ exhibits physical properties that
might not constitute health risks to humans, e.g. during treatment in
dentistry. Thus, the APJ shows a high potential for application as a
device in dental therapy. It motivates further investigation, e.g. certi-
fication by ISO 13485 and the risk assessment according to DIN EN ISO

14971 in order to accomplish the required Medical Device Directive
(MDD) for CE marking.
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