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ABSTRACT 
 

Atmospheric pressure non-thermal glow discharges have shown a considerable promise for medical and dental applications. These kinds of 

plasmas are capable of producing short-lived chemical active species, which are propelled toward a surface to be treated. A plasma needle as 

a source of non-thermal glow discharge, which works under atmospheric pressure, was designed and operated at 20 kHz. The preliminary 

studies revealed that the device can operate with various flow of different gases such as He and Ar. According to the optical measurements, 

the reactive species such as O, H, N, and N2 were detected experimentally via emission spectrometer. The plasma temperature was recorded 

at T = 28˚C. The thermal and structural effects of plasma needle on a tooth in ex-vivo conditions were investigated and a safe distance for the 

plasma-tooth interaction was determined. 
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1. INTRODUCTION 
 

Plasma research has expanded quickly in different fields like 

ecological, health, material, agronomy, and biomedical 

investigations (Heinlin et al., 2011; Heinlin et al., 2010). 

Depending on the temperature of ions, neutrons, and electrons, plasmas can be arranged in classes as “thermal” or “non-thermal”. In the case of thermal plasma, the ions, neutrals, and 
electrons are at the same temperature whereas in cold plasmas 

electrons are much hotter than the heavy particles (Singh et al., 

2014). Since plasma in atmospheric pressure is 40 °C or less, it 

is considered cold. In recent years, the use of Cold Atmospheric 

Plasma (CAP) in various biomedical applications, such as 

sterilization of medical instruments, blood coagulation, and 

tissue treatment, has received much attention (Fridman et al., 

2008; Hoffmann et al., 2013). Scientists have been keen on 

discovering utilizes for CAP in dentistry (Hoffmann et al., 

2013). CAP can be produced by radio frequency, microwave 

frequency, high voltage AC or DC, etc. (Jiang et al., 2014). The 

main factors in the interaction of CAP with living tissue and 

sterilization of instruments are ultraviolet radiation (at a lower 

rate), charged particles, and active species (Pan et al., 2013). 

Plasma needle is one of the cold atmospheric radiation which 

can be designed, manufactured, and studied for medical 

applications. This system is a single electrode and generally 

works with He gas (Stoffels et al., 2002). Some experiments 

have shown that plasma needles can disinfect bacteria, limit 

cell evacuation without leading to damages neighboring cells, 

and cancer-cell extirpation (Kuo et al., 2006; Tang et al., 2008; 

Plewa et al., 2014; Stoffels et al., 2006) and some similar 

applications in dentistry. In this context, Lee et al. showed CAP, 

instead of light sources, whitened teeth by increasing protein 

and also helped remove stains from coffee or wine (Lee et al., 

2009). Sladek et al. used a plasma needle to observe the 

interactions between plasma and dental tissues. They 

concluded that plasma treatment is a novel tissue-saving 

technique, which allows the cleaning of irregular and narrow 

channels (Sladek et al., 2004). Kong et al. studied the effects of 

CAP brush treatment on dental composite restoration (Kong et 

al., 2009). Rupf et al. applied CAP jets against tooth decay 

which cause infection and tooth loss (Rupf et al., 2010).  

In this study, a new model of plasma needle was designed and 

constructed. The effects of plasma needle are investigated on a 

tooth in ex-vivo condition. The production of OH radicals by 

plasma completely destroys the surface. 

2. EXPERIMENTAL PROCEDURE 

The plasma needle system designed in this work was operated 

at 20 kHz and produced cold plasma with 1-3 eV. Using an 

infrared camera, the plasma temperature was obtained around 

T = 29˚C. It can operate under various flow of different gases 
such as He and Ar. Fig. 1 shows the plasma needle and its 

components. The operation of the plasma needle under Argon 

and Helium gases are shown in Fig. 2. 
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Figure 1. Components of plasma needle (left) and plasma needle 

(right). 

 

      

 
Figure 2. The plasma needle works with Argon (left) and 

helium (right) gases. 

 

To investigate the temperature effects of plasma needles on a 

tooth, a gap with a distance across 1 mm and depth of 4 mm 

was made indirectly from the tooth crown towards the tooth 

enamel so that the end of the cavity was in the cement enamel 

junction area (Fig. 3). 

 
Figure 3. The hole created on the tooth. 

 

A nickel-chrome thermocouple sensor PT100 was placed 

inside the tooth cavity. The tooth was put at several spaces 

from the tip of the needle and plasma was applied to it for 

different periods (Fig. 4). 

 

 
Figure 4. Temperature test on the tooth. 

3. RESULTS AND DISCUSSION  

3.1 Optical absorption spectrum 

The optical emission spectroscopy spectrum was taken for the 

argon plasma generated on the tip of the needle (Fig 5). 

According to the optical measurements, in the spectrum, most 

of the peaks are shown for argon. The reactive species such as 

H, O, N, and N2 were detected experimentally via an optical 

emission spectrometer. 
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Figure 5. Optical absorption spectrum of argon plasma. 

 

3.2 Effects of plasma on the temperature difference 

between the tooth and the environment  

Fig. 6 shows the temperature difference of the tooth and the 

environment relative to the distance for irradiation period 

times of 30, 60, 90, and 120 s. 

 

 
Figure 6. Increase in the temperature difference by the 

distance for different irradiation times. 

 

It was observed that at all radiation times with increasing 

distance, the temperature difference decreased. Temperature 

increase by more than 2.3 degrees caused necrosis of the tooth 

marrow. From the above diagram, optimal distance can be 

determined for the interaction of plasma with the tooth. For 

example, for a period of 120 s, the optimal distance is 

measured as 14 mm. Fig. 7 shows the temperature difference 

over time at a place of 14 mm from the tip. 

 

 

Figure 7. Temperature difference diagram in terms of time at a 

place of 14 mm from tip. 

 

3.3  Effects of the plasma needle on the tooth 

 

It can be predicted that plasma radiation can detoxify the tooth 

and damage the enamel. Therefore, to investigate the effect of 

needle plasma on the tooth before irradiation, we took a photo 

of the tooth under a microscope with a magnification of 100. 

The tooth was irradiated at a distance of 14 mm from the 

needle for 4 minutes. To study the effect of plasma, again we 

took photos from the tooth. Fig. 8 shows the image of the tooth 

before and after CAP treatment. 
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Figure 8. Microscopic images of the tooth before (left) and after (right) plasma application. 

 

The position of the fundamental differences (Fig. 8) is 

indicated by numbers. After irradiation, in positions 1 and 2, 

the size of the corresponding black contour decreased; in 

number 3 a black line in position of 4 and 5 black spot, and 

finally, in the position of 6 narrow lines disappeared. 

To show the destructive effects of excessive radiation, we took 

a tooth photo after the thermometer experiment. The total 

irradiation time, in this case, was 24 min. The tooth was 

irradiated at a distance of 14 mm from plasma. Fig. 9 shows the 

image of the tooth before and after 24 minutes of plasma 

application.

 

 
Figure 9. Image of the tooth before (left) and after (right) 24 min of plasma application. 

 

From Fig. 9, it can be seen that the tooth configuration has 

changed completely after 24 min of irradiation. 

4. CONCLUSIONS 

The plasma needle device was developed to study the effects of 

temperature and its effect on teeth. The temperature effects of 

the plasma needle on a tooth in the ex-vivo condition were 

examined. It was shown that the safe range to prevent heat 

damage can be defined as 14 mm. Also, the effects of plasma on 

enamel were studied and it was shown that plasma needles can 

be a good candidate for bacterial decontamination in teeth, and 

optimal irradiation time for this application should be 

determined. 
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