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Abstract

focuses on some dental applications of plasma.

This review article on plasma therapy in dentistry is intended to provide with a summary of the current status of this
emerging field, its scope, and its broad interdisciplinary approach. Matter usually includes liquids, solids, and gases.
But a fourth category of matter has been discovered called plasma that’s actually the most unusual and the most
abundant. It could become a new and painless way to prepare cavities for restoration with improved longevity. Also it
is capable of bacterial inactivation and non-inflammatory tissue modification, which makes it an attractive tool for the
treatment of dental caries and for composite restorations. Plasma can also be used for tooth whitening. This review
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Introduction

Plasma is the fourth state of matter, discovered by the British
physicist Sir William Crookes in the year 1879, but the name “plasma”
was applied by Irving Langmuir, an American chemist, in 1929. As the
most common form of matter, it makes up for more than 99 percent of
the visible universe; plasma is a collection of stripped particles. Once
the electrons are stripped from atoms and molecules, those particles
change state and become plasma. Plasmas are naturally energetic
because stripping electrons uses constant energy. If the energy
dissipates, the electrons reattach and the plasma particles become a
gas once again. Unlike ordinary matter, plasmas can exist in a wide
range of temperatures without changing state. The aurora borealis, or
northern lights, is ice cool, for instance, while the core of a distant star
is white hot. Other well-known plasmas include lightning, neon signs,
and fluorescent lights. Outside of a container, plasma resembles gas-
the particles don’t have a definite shape. But unlike gas, magnetic and
electric fields can control plasma and shape it into useful, malleable
structures [1].

Based on the relative temperatures of the electrons, ions and
neutrals, plasmas are classified as “thermal” or “non-thermal”. Thermal
plasmas have electrons and the heavy particles at the same temperature,
ie., they are in thermal equilibrium with each other. Non-thermal
plasmas on the other hand have the ions and neutrals at a much lower
temperature (sometimes room temperature), whereas electrons are
much “hotter”. In recent years, cold (less than 40 °C at the point of
application) atmospheric plasma (CAP) sources have been introduced
that provide the possibility to extend plasma treatment to living tissue

(2].

Cold Atmospheric Plasma (CAP) is known as non-thermal because
it has electrons at a hotter temperature than the heavy particles that
are at room temperature. Its temperature is less than 104°F at the point
of application. Various methods to produce include Dielectric Barrier
Discharge (DBD), Atmospheric Pressure Plasma Jet (APPJ), plasma
needle, and plasma pencil. Gases that can be used to produce CAP are
Helium, Argon, Nitrogen, Heliox (a mix of helium and oxygen), and air.
Due to its ability to deactivate microorganisms, cause cell detachment,
and cause death in cancer cells, researchers have been interested in
finding uses for CAP in dentistry and oncology [3].

Applications of plasma for sterilization of medical equipment,
packaging in the food industry, implants, wound healing; blood
coagulation, etc have been known [4-11]. This has been possible due to

their high bactericidal effectiveness and partly due to their easy access
into narrow and confined spaces [12-17]. As conventional methods
have numerous drawbacks, low-temperature plasma can be used as an
alternative method for destroying microorganisms [12].

Dental applications of CAP include: dental caries, sterilization,
elimination of biofilms, root canal disinfection, increase in bond
strength at the dentin/composite interface and bleaching. Various
means of producing plasmas include: radio frequency, microwave
frequencies, high voltage AC or DC etc. This review is an update about
the novel technique using plasma in dentistry.

Nonthermal Plasma Characteristics and Sources

One of the important features of non-thermal plasma is the abundant
production of reactive species in low gas temperature which includes
charged particles, radiation, and reactive oxygen species. The energy for
sustaining the plasma state is usually supplied by electromagnetic field.
Electrons are accelerated by the field much faster, but are less effective
to transfer their energies to heat their environment than heavy ions.
The plasma can remain non-thermal, the energetic electrons can lead
to reactions including ionization of particles, production of reactive
species, and radiation [18].

The complex components from non-thermal plasmas achieve
multi-functional treatment in oral cavity. For example, reactive oxygen
species and reactive nitrogen species are regarded as a key factor for
sterilization, wound healing, and tooth whitening. Concentration of
the components can be controlled by the plasma operating conditions,
making it possible that non-thermal plasmas be employed for various
biomedical applications.

Various plasma sources have been developed to treat the human
body; these include dielectric barrier discharges (DBD)-type surface
plasma devices, and pulsed power sources [19]. In these devices,
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electrical safety is achieved by limiting the current flow. The DBD
configuration prevents current-to-transit arcing. Use of a pulsed signal
also limits the current due to its off time. Microwave-driven plasma is
stable and safe, and hence, it is a promising candidate for biomedical
applications [20,21].

Plasma in Dentistry

Oral infections, including dental caries, periodontal disease,
and intraoral disease, are caused by bacteria and may result in tooth
destruction [22]. Although teeth brushing, fluoride uptake, antibiotics,
and vaccines have been used as treatment modalities for oral disease,
these conventional treatments have limitations [23].

Heat kills bacteria, but the application of this method to living
tissues is dangerous. Sterilizing agents or antibiotics are used to treat
human tissues that are infected by pathogens, but this may lead to
pain and antibiotic resistance. Recently, non-thermal atmospheric
plasmas have been shown to be highly efficient at killing bacteria in an
inexpensive manner; therefore, the use of such plasmas could eliminate
the problems associated with use of heat and antibiotics.

The Application of Non-thermal Plasmas/CAP to
Dental Diseases

Sterilization by eradication of bacteria

The sterilization efficacy of plasma devices is influenced by gas
composition, driving frequency, and bacterial strain, but plasma
devices have shown to kill a higher proportion of bacteria than do
conventional non-thermal methods such as UV sterilization [24,25].
The mechanism of plasma sterilization is related to the abundance of
plasma components, like reactive oxygen species, ions and electrons,
and UV and electromagnetic fields [26]. Also, plasma can affect not
only the contacted point but also the area around it. Recently, plasma
sterilization has been used to treat dental diseases [6].

The risk of prior transmission through surgical instruments is
of both current public and professional concern. The use of plasma
decontamination of surgical instruments is limited. Whittaker et al.
has indicated that the use of gas plasma cleaning may be extremely
beneficial in reducing the absolute amount of proteinaceous materials
that may be transferred between patients when endodontic files are
reused [27].

Yang Hong Li et al. stated that plasma sterilization, with the
advantage of low temperature, fastness, thoroughness, safety, overcomes
the deficiency of the traditional sterilization technology, and may
become a novel method for killing microbe [28].

Autoclaves and UV sterilizers are presently used to sterilize dental
instruments. To develop a dental sterilizer which can sterilize most
materials, such as metals, rubbers, and plastics, the sterilization effect of
an atmospheric pressure non-thermal air plasma device was evaluated
by Su-Jin Sung et al. It was proved that the atmospheric pressure non-
thermal air plasma device was effective in killing both Escherichia coli
and Bacillus subtilis, and was more effective in killing Escherichia coli
than the UV sterilizer [29].

Dental caries

Plasmas can treat and sterilize irregular surfaces; making them
suitable for decontaminating dental cavities without drilling. Although
plasma itself is superficial, the active plasma species it produces can
easily reach inside of the cavity. This approach was pioneered by Eva

Stoftels, who suggested the use of plasma needles in the dental cavity on
the basis of the ability of plasma to kill Escherichia coli [30]. Goree et al.
provided substantial evidence that non thermal atmospheric plasmas
killed Streptococcus mutans, a gram-positive cariogenic bacterium [31].
Sladek et al. studied the interactions of the plasma with dental tissue
using a plasma needle [30]. It is an efficient source of various radicals,
which are capable of bacterial decontamination; but, it operates at room
temperature and thus, does not cause bulk destruction of the tissue.
From his research he concluded that plasma treatment is potentially
a novel tissue-saving technique, which allows irregular structures and
narrow channels within the diseased tooth to be cleaned.

Subsequently, a low-temperature atmospheric argon plasma brush
introduced by Yang et al. was found to be very effective in deactivating
Streptococcus mutans and Lactobacillus acidophilus [32]. These authors
concluded that about 100% bacterial elimination was achieved within
15 s for Streptococcus mutans and in 5 min for Lactobacillus acidophilus.
In comparison to lasers, plasmas can access small irregular cavities and
fissure spaces.

Biofilms

Biofilms develop on tooth and oral mucosa, cause caries, periodontal
diseases, and oral mucositis, which can also lead to inflammation
around dental implants. Rupf et al. demonstrated that combination
treatment with plasma and a non-abrasive air/water spray is suitable
for the elimination of oral biofilms from microstructured titanium
used in dental implants [33]. Furthermore, Koban et al. showed that
the treatment of dental biofilms composed of Streptococcus mutans
with non-thermal plasma was more efficient than the treatment with
chlorhexidine in vitro [34].

CAP was also effective in destroying biofilms either on root canals
or on dental slices. Jiang et al. developed a plasma plume at room
temperature. They used it to disinfect root canals from extracted
human teeth [35]. Two teeth were placed at a distance of 5 mm from the
plasma nozzle. One of them was exposed to the helium/oxygen plasma
for 5 minutes, whereas the other one was exposed to the same helium/
oxygen flow for five minutes, but without plasma. They observed better
results in the reduction of the biofilms in the tooth treated with plasma
compared with control. Nevertheless, the plasma failed to reach the
lower zone of the tooth. The authors explained it by the fact that the
plasma plume did not have the optimal width and length to effectively
treat the lower zone.

Schaudinn et al. used a plasma needle to eliminate ex vivo biofilms
on root canals of extracted teeth [36].Teeth were divided into three
groups: treatment with the plasma needle, treatment with 6% sodium
hypochlorite (an antiseptic), and control. It was concluded that the
plasma needle was effective at killing biofilms in extracted teeth. But,
using 6% sodium hypochlorite was more efficient.

Intraoral diseases

Oral candidiasis includes Candida-associated denture stomatitis,
angular stomatitis, median rhomboid glossitis, and linear gingival
erythema. Koban et al. and Yamazaki et al. reported the high efficiency
of Candida albicans sterilization using various plasmas. Their result
indicates the possibility that stomatitis caused by Candida albicans can
be cured by plasma jets [37,38].

Root canal disinfection

Treatment of root canal infection (periapical abscess) is difficult.
Because it is difficult to penetrate irregular and narrow spaces, killing
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the pathogens; thus, infections frequently recur. Lu et al. used a reliable
and user-friendly plasma-jet device that could generate plasma inside
the root canal [39]. Preliminary inactivation experiment results showed
that it can efficiently kill Enterococcus faecalis one of the main types of
bacterium causing failure of root-canal treatment in several minutes.
Thus, plasma can be utilized in disinfection of root canals.

Pan et al. investigated the feasibility of using a cold plasma
treatment of a root canal infected with Enterococcus faecalis biofilms in
vitro [40]. It was concluded that the cold plasma had a high efficiency in
disinfecting the Enterococcus faecalis biofilms in vitro dental root canal
treatment.

Disinfection of dental surfaces

In a new report, Rupf et al. used atmospheric plasma jets in dental
caries causing organisms [41]. The objective of their in vitro study was
to test a microwave-powered non-thermal atmospheric plasma jet
for its antimicrobial efficacy against adherent oral micro-organisms.
The plasma-jet treatment reduced the CFU by 3-4 logl0 intervals on
the dentin slices in comparison to the recovery rates from untreated
controls. Thus, non-thermal atmospheric plasma jets could also be used
for the disinfection of dental surfaces.

Adhesive restorations

Preliminary data has shown that plasma treatment increases
bonding strength at the dentin/ composite interface by roughly 60
percent, and with that interface-bonding enhancement to significantly
improve composite performance, durability, and longevity.

Kong et al. investigated the plasma treatment effects on dental
composite restoration for improved interface properties and their
results showed that atmospheric cold plasma brush (ACPB) treatment
can modify the dentin surface and thus increase the dentin/adhesive
interfacial bonding. The solution is to introduce bonds that depend on
surface chemistry rather than surface porosity [42].

Ritts et al. investigated a non-thermal atmospheric plasma brush
on dental composite restoration [43]. It was observed that atmospheric
cold plasma brush (ACPB) treatment could modify the dentin surface
and increase dentin/adhesive interfacial bonding. Yavirach et al. studied
the effects of plasma treatment on the shear bond strength between
fiber reinforced composite posts and resin composite for core buildup
and concluded that plasma treatment increased the tensile-shear bond
strength between post and composite [44].

Tooth whitening

CAP can also be used to bleach teeth. Lee et al. showed that
atmospheric pressure plasma in place of light sources bleached teeth
by increasing the production of OH radicals and the removal of surface
proteins [45]. Furthermore, Lee et al. also showed that in combination
with hydrogen peroxide, this plasma removed stains from extracted
teeth stained by either coffee or wine [46]. The tooth bleaching method
using an atmospheric pressure jet shows reasonable promise of
becoming practical in the future. Tooth whitening can also be achieved
using a DC plasma jet and hydrogen peroxide [47].

Intrinsic stains are a serious factor in tooth discoloration. Park et
al. suggested intrinsic whitening using a low-frequency plasma source
and hydrogen peroxide [48]. Another approach, by Kim et al. used
liquid plasma produced by an RF driven gas-liquid hybrid plasma
system [49]. In this study, the RF plasma jet was placed in deionized
water and the target tooth was immersed in the water. Color changes
were observed on the surface of the treated tooth after 8 min. The OH

radicals were regarded as the main cause of bleaching in this work also.

Nam et al. used a Plasma jet on forty extracted human molar teeth
with intact crowns. The forty teeth were randomly divided into four
groups (n=10) and were treated with Carbamide peroxide + CAP,
Carbamide peroxide + Plasma Arc Lamp (PAC), Carbamide peroxide
+ diode laser, or Carbamide Peroxide alone (control). They observed
CAP was the most effective at bleaching teeth. Moreover, they observed
that CAP does not damage the tooth due to its low temperature [50].

Claiborne D et al. used a plasma plume on extracted human teeth.
They observed a statistically significant increase in the whitening of the
teeth after exposure to CAP + 36% hydrogen peroxide gel, compared
with 36% hydrogen peroxide only, in the 10 and 20 min groups. The
temperature in both treatment groups remained under 80°F throughout
the study, which is below the thermal threat for vital tooth bleaching
[51].

In a study by Jamali et al. results revealed that prolonged plasma
treatment (without bleaching) removed some blue-stain, but the effect
was small [52]. On the contrary, the combination of plasma treatment
and bleaching removed most of the blue-stain. It was concluded that
vacuum plasma pre-treatment and bleaching showed promise as a way
of removing blue-stain.

Nam et al. investigated the efficacy of tooth bleaching using non-
thermal atmospheric pressure plasma (NAPP) with 15% carbamide
peroxide including 5.4% hydrogen peroxide, as compared with
conventional light sources. It was observed that the NAPP has a greater
capability for effective tooth bleaching than conventional light sources
with alow concentration of hydrogen peroxide without causing thermal
damage [50].

Application of plasma treatment in dental treatment procedures
may effectively disinfect cavity-causing bacteria; reduce the use of the
painful and destructive drilling, and consequently save healthy dental
tissues. Not only contact free sterilization be obtained, accessibility of
even small pores and microscopic openings, but also one may envisage
new possibilities of drug delivery at the molecular level in the dental
tissues.

Discussion

Plasma is a gaseous medium which can penetrate into irregular
cavities and fissures. In comparison to laser beams, which propagate
linearly, plasma has many useful advantages in its application to oral
tissues. Moreover, plasma has the strong advantage in that it kills
only pathogens in bacterial plaque on oral tissues, without damaging
the normal tissue. Plasma does not cause pain in patients, because it
does not induce thermal damage. Since, oral diseases are not caused
by a single pathogen; research must be conducted as to whether non
thermal atmospheric plasmas can also kill various other oral pathogens
at the same time. Considering all the characteristics of plasmas, such
as its sterilizing effect, blood coagulation, wound healing, and tooth
bleaching, the application of plasma to oral tissues is potentially a
fascinating novel technique in dental care.

Based on known physical and biological properties of plasma, it
is worthwhile to speculate that a number of dental applications are
possible, but fundamental principles of how plasma influences cells and
effect time needs further investigation. Earlier, Plasma Dent was just
speculation, but plasma-assisted dental devices will unquestionably be
available in the future to augment or replace existing technologies and
therapies—the untapped potential of plasma in dentistry is limitless.
Although it is not possible to include all the aspects of plasma therapy in
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this article, we are still far away from an implacable dental and medical
plasma application; it is just intent to create an awareness towards safe,
developing, efficient and echo- friendly plasma technology [53].

Limitations

As we all know that every technology has its own advantages and
limitations.CAP also has some limitations as this is a new technology,
safety of the equipment has to be taken care of [7,9]. Cost of the
equipment, marketing, maintenance and availability are also some of
the issues at present [1]. Portability of instrument for dental use is also
one factor [22]. Now-a-days, research of the effect of CAP on tumor
cells is being done and some promising results are there, but the effect
on normal cells has to be studied in depth and validation needed for
its successful application [54-56]. This is a beginning and still some
research is needed for this technology to be used in a cost effective,
efficient and predictable manner in clinical settings.

Conclusion

Based on the above evidence, we can say that CAP has a bright
future in dentistry due to its anti-microbial properties and its cell death
properties on cells. It can be used in almost all the branches of dentistry.
However, more studies need to be performed regarding the mechanism
of action.
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