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ABSTRACT: 
-

in antibacterial treatment, and the number of viable bacteria was determined. To compare the 
-

control (p

p
3 × 107 5 for CAP II within 60 s. Compared to the control, all 

-
fects and may therefore be used for the noninvasive treatment of RCLs.

KEYWORDS: root caries lesion, cold atmospheric plasma, dielectric barrier discharge, tissue- 

I. I I

adults in developed countries,1 the prevalence of root caries is increasing because of the 
aging population.2 Clinicians face a variety of challenges: the detection of carious le-

-
ent restoration margins and covered by plaque or gingiva.3 Once detected, the restorative 
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 treatment of these lesions is challenging because the adhesive bond is not moisture toler-
ant4 and alternative restoration materials, such as glass ionomer cements, often fail be-

5 As a result of marginal leakage, secondary caries 
is likely to appear.6 The concept of treating initial root caries lesions (RCLs) includes the 

7 
to arrest progression. Recently, it was reported that cold atmospheric plasma (CAP) 
might be promising in RCL treatment.8 

Cold atmospheric plasma is primarily used in dermatology to treat chronically 
infected wounds,9 but it is also used to stimulate healing mechanisms after surgery.10 
Even though different methods to generate cold atmospheric plasma for medical ap-
plications exist, all result in the creation of a unique mixture of potential antimicrobial 
agents, such as reactive oxygen and nitrogen species, as well as ultraviolet radiation.11 
The composition depends on the type of plasma generation and on the tuning of the 

barrier discharge (DBD) systems, which ignite plasma on top of a dielectric barrier 
or between a dielectric barrier and the targeted surface.12 The potential use of CAP in 
dentistry has been investigated in in vitro, ex vivo, and in vivo studies for the treatment 
of periimplantitis,13-16 infected dentin including curved root canals,17,18 infected bone,19,20 
oral candidiasis,21 and enhancement of adhesive bond strength.22 

A. A

-
-
-

Lactobacillus rhamnosus compared to the negative control (brushing with 
-

applied plasma source.

II. A IA  A  

A.  

Selected for sample preparation were 50 caries-free human upper canines that had 
been stored in 0.5% chloramine-t (Carl Roth, Karlsruhe, Germany) after extraction. 
The crowns and 3.0 mm of the apices were cut off using a 0.2-mm bandsaw (EXAKT 
300 CL, EXAKT, Advanced Technologies, Norderstedt, Germany). Subsequently, one 
block-shaped dentin specimen from each obtained root fragment was prepared and 
trimmed to dimensions of 6.0 × 4.0 × 2.0 mm using a grinding machine (Labo Pol 25, 
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In total, 50 blocks were created and embedded in acrylic resin (Technovit 4071, Heraeus 

The resin blocks were then polished using SiC P2500 and P4000 sandpapers (Buehler, 

basin-shaped repository of 20-mL capacity above the exposed dentin.

B. B  

L. rhamnosus -

peptone, 4.0 g/L yeast extract, 8.0 g/L beef extract, 20.0 g/L glucose, 2.0 g/L dipotas-
sium phosphate, 5.0 g/L sodium acetate, 2.0 g/L ammonium citrate, 0.2 g/L magnesium 
sulfate, 0.05 g/L manganese sulfate, and 1.0 g/L polysorbate 80 with a pH of 6.2, and 
stored in an incubator (Type 6420, Thermo Electron, Langselbold, Germany) for 24 h at 
37°C under aerobic conditions.

. A    

-
tion containing 2.205-g CaCl2 x 2H2O, 2.041-g KH2PO4, 10.0-mL 100% methylene 
diphosphonic acid, and 14.3-mL 100% CH3COOH added to 4.5 L of distilled water and 

reached, the solution was stored for 48 h in an incubator at 37°C shaken at 50 rpm (ES-

autoclaved for 15 min at 121°C and 2.1 bar (3870 ELV, Tuttnauer, Breda, Netherlands). 
-

23–25 -
mental conditions of the oral cavity. Initially, each sample was statically incubated with 
20.0 mL of 24-h-old L. rhamnosus 

static incubation was maintained for 9 h. Excessive broth was constantly removed from 
the mouth model using a peristaltic pump (Type PR1, Seko, Rieti, Italy). Every 24 h, 
the procedure was repeated, beginning with 15 min of exposure to fresh 24-hour-old 
bacterial cultures.

D. A  

broth was completely removed, and each sample was rinsed with 1.0 mL of 0.9% sterile 
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1. Negative Control (C)

Negative control samples were treated using a blank microbrush to remove nonadherent 

2. Test I (CAP I)

Cold atmospheric plasma irradiation was applied for 60 s by constantly moving the plas-

min  argon, in a perpendicular position and within a distance of 8.0 mm to the specimen 
surface. An engine-driven movable laboratory bench was used to ensure homogeneous 
irradiation and a constant feed of 10.0 mm/s , as recommended by the manufacturer.

3. Test II (CAP II)

Plasma emitted by the DBD source (PlasmaDerm, Cinogy, Duderstadt, Germany) was 
applied for 60 s, whereby the electrode was kept in close contact with the sample sur-
face. Again, an engine-driven movable laboratory bench was used to constantly move 
the plasma source at 5.0 mm/s  above the RCL.

4. Positive Control I (CHX)

RCL was evenly spread using a microbrush.

5. Positive Control II (SDF)

-
lin, Ireland) were subsequently applied to the RCLs according to the manufacturer’s 
instructions. Application times were 5 s for both solutions (silver-labeled and green- 
labeled).

E.  

and dentin chips were harvested from the lesions in a standardized manner using a scal-
pel (No. 15, Aesculap, Tuttlingen, Germany) mounted on a movable laboratory bench at 
a 45° contact angle and at 0.7-N contact pressure. The sampling procedure consisted of 

-
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burg, Germany), each containing 1.0 mL of NaCl, and vortexed for 10 s (Vortex Genie 2, 

.  A

p = 0.05. 

G.  E  

-
-

backscatter electron images (SEI/BEI) were recorded applying acceleration voltages of 
10–20 kV.

.   

In order to compare the CAP I and CAP II plasma devices, fast and sensitive electrical 
discharge analysis was performed to quantify the number of discharges within a time 

at 4.0-GHz resolution was used in combination with a current probe (CT-1, Tektronix, 
Beaverton, OR) at 1.0-GHz resolution connected to a conducting surface representing the 
sample at the respective distance (8.0 mm for CAP I and 1.0 mm for CAP II) and connect-
ed to the HV line for CAP I (CAP II had no measurement access). In addition, for CAP 
I a high-voltage probe (1:1000 Tektronix P6015 A, Tektronix, Beaverton, OR) was used 
to measure the HV signal, whereas for CAP II a 1:100 voltage probe (P008, Teledyne 

III. E

A.  

p CAP I vs. C < 0.0001, CAP 

p -
ferences were found between all other groups (p > 0.05).
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B.  E  

-
-
-

ditionally covered with an amorphous coating after applying CHX and with granules of 

FIG. 1: p
0.05)

FIG. 2: Backscatter scanning electron images (2,000×). C = control group sample; CAP I = 
sample after treatment with CAP I; CAP II = sample after treatment with CAP II; CHX = sample 
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.  I

CAP I showed a periodically applied high voltage of 2–3 kV peak to peak together with 

23

5

× 107 -

-
tion phase; rather, only time-averaged pictures have been published.26 Because DBD dis-
charges are known to have a statistical distribution of discharge peaks,27 1,000 discharge 
cycles were analyzed with respect to discharge currents. The resulting average number of 

5.

I . DI I

-

-

CHX); also, disinfection quality, which requires logarithmic reduction factors > 5, was 

FIG. 3: Electrical measurement of discharge current and voltage of CAP I and CAP II. CAP I: 
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8,16,28 Despite cold plasma being a promising approach 
-

unknown. It may be assumed that the long-term effects might be inferior or even absent 
compared to varnishes, which provide both slow drug release and resistance regarding 
oral clearance. This issue may be taken up in future research.

7

direction of the specimen surface, the DBD source created up to 3 × 105 -
nection with the specimen surface—in the case of CAP II acting as the second active 

-
ating gas, which is mixed with the surrounding ambient air to generate a broad spectrum 
of reactive components. In contrast, the investigated DBD device operates directly in 
ambient air and therefore provides a more nitrogen-based gas chemistry triggered by 

29

However, these facts must be discussed with respect to the triggered chemistry in the re-
spective gas phase. So far, the results show that the type and the operating parameters of 

focus on the differences in plasma ignition techniques and compare their respective 
impact on relevant parameters, especially in vivo. 

-
cluded that all applied antibacterial agents provide antibacterial effects and can therefore 
be used in conservative treatment of RCLs.

. IA E I  E I A  A DA D

Ethical approval: This article does not contain any clinical studies including humans or 
-
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