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Abstract 

The universe hides mysteries yet to be resolved. Over 

the time, geophysicists have analyzed the extreme events 

occurring in the universe and studied the behavior of 

fundamental constituents. Some of them have proven to 

be useful for application in commercial industries, 

transport and in medical practices. One such element is 

plasma which has been extensively studied in medical 

and dental therapeutics. It is an inherently powerful 

technology that interplays with redox biology. The 

application of plasma in dentistry displayed numerous 

unique advantages over conventional approaches. Hence, 

this review elucidates the current and future prospects of 

the application of plasma therapy in dentistry. 

Keywords: Plasma, sterilization, redox biology, 

bactericidal. 

Introduction 

Plasma, the fourth state of matter that lays the 

fundamentals of cosmology, is the most widely 

researched topic in thermal science and astrophysics 

today. The term “plasma” was first coined byIrving 

Langmuir who received the Nobel Prize for chemistry in 

the year 1932.1 Around 99.99% of the visible universe is 

composed of plasma- the sun, stars, nebulae, neutron 

stars, solar winds, black holes and the magnetosphere of 

the earth. Also, it forms the interplanetary, intergalactic 

and interstellar medium. 

 



 Dr. Moitri Ojha, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 

 

 
©2023 IJDSIR, All Rights Reserved 

 
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

P
ag

e1
2

4
 

  

2Plasma can be synthesized artificially in laboratories by 

the application of electric, light and magnetic field 

across a gas where electrons are pulled away from its 

parent atom. At the atomic and subatomic levels, events 

like inelastic collision, radiation interactions and 

electron impact and exchange occur. This yields a 

superheated state of ionized matter saturated with 

electrically active and charged particles.1Unlike in space, 

plasma does not exist naturally on earth’s surface. 

Researchers have successfully generated two forms of 

artificial plasma- Hot and Cold. The hot/thermal plasma 

is electrically produced at a high pressure whereas the 

cold/non-thermal plasma is generated at low temperature 

and pressure.1 

Artificial plasma has found its application in various 

industries like- microelectronics, packaging industries, 

food industries, petrochemical industries, etc.3Currently, 

the use of plasma is overwhelming the medical science. 

It took 25 years of laborious work from its initial 

discovery to its fundamental application in therapeutic 

research.4The pioneer/initial experiments conducted in 

bioscience focused on bacterial cells destruction and 

sterilization. Slowly, the use of plasma has encroached 

on several arenas of oncology, wound healing, 

regeneration etc.5,6 

In dentistry, plasma therapy is being recognized as a 

novel, advanced and innovative multipurpose 

technology. However, the research is still in its infancy 

and requires modification of the existing ideas and 

integration of concepts from several interdisciplinary 

experts. Hence this review delves deep into the possible 

applications and the future aspects of plasma in 

dentistry. 

Mode of action 

The biological activity of plasma is due to the highly 

energetic, free and extremely mobile electrons that can 

transfer electrical charges to cells and tissues. The most 

frequently employed plasma in bioscience is the non-

thermal dielectric barrier discharged (DBD) plasma. This 

jet/tube exhibits a safe temperature range (below 40 

degrees Celsius) that does not injure cells or biological 

tissues.7There are two modes of application on tissues-

direct and indirect. 

Direct method 

The direct method involves plasma exposure to the 

biological target. This application is used in sterilization 

to inactivate bacteria and destruction of biofilms on 

wounds, medical equipment’s, food and agricultural 

products. Also, the selective application of direct 

exposure can destroy cancer cells. Today, the hub of 

plasma medicine concentrates on the possibility to 

extend direct contact of plasma therapy with the 

biological setting. 

Indirect Method 

In indirect exposure, a liquid medium (water or culture 

medium) is first activated by plasma and then the same 

is applied on tissue 

Plasma In Medicine8,9 

It was soon realized that plasma possesses properties that 

can be exploited to open up new horizons in biomedical 

application. It is hypothesized that plasma interplays 

with redox biology; i.e. it introduces reactive and excited 

radical species in the tissue environment. These species 

include hydrogen peroxide, H2O2, nitrite, NO−2NO2-, 

nitrate, NO−3NO3-, peroxynitrite, ONOO−, and organic 

radicals. Intensive works were carried out to 

comprehend the cellular response to plasma therapy 

which includes. : 

• Cellular proliferation and angiogenesis which 

promotes wound closure and re-epithelization. 

Hence, causes effective wound healing.  
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• An innovative approach for sterilization and 

disinfection 

• Improves cell permeabilization 

• Facilitates effective coagulation which is more rapid 

than the natural process of coagulation.  

• Selective killing of cancer cells by programmed cell 

death, otherwise known as apoptosis 

• Cosmetic rejuvenation of face -as an “anti-wrinkle” 

agent 

More recently, 

• Acidification of lipid film surfaces by non-thermal 

DB Dat atmospheric pressure in the air. 

• Degradation of adhesion molecules of G 

361melanoma cells 

• Reduction and degradation of amyloid masses by a 

pulsed radio-frequency. 

Plasma in dentistry 

Sterilization 

Sterilization ensures high-quality patient service and 

forms the pillar in healthcare sector. The most frequently 

used method used is steam sterilization. Its drawback 

lies in the fact that it is unable to sterilize heat sensitive 

instruments. Plasma gas sterilization was first introduced 

in the year 1972 and has been considered a substitute to 

steam sterilization. This method of sterilization was 

approved by FDA in 1991.10 It is a well-known fact that 

plasma can damage microbial cell structure via the 

physic-chemical method and is classified as a broad-

spectrum antimicrobial agent. The underlying 

mechanism is that it serves as a rich source of active 

species (ions, electrons, radicals, UV light, vacuum UV 

(VUV), electric fields and metastable) depending on the 

gas used. The above-mentioned species can leach the 

bacterial membrane and can cause DNA strand 

breakage. A phenomenon- “intrinsic desorption” follows 

in the microbial cell structure where the chemical bonds 

are destroyed leading to the formation of volatile organic 

compounds.11 By far, oxygen is the most common and 

frequently used gas that produces free oxygen radicals. 

A few authors have also recommended the use of 

nitrogen and other noble gases like helium, neon, argon 

and xenon. It is believed that plasma can deactivate 

spores, prions and endotoxins.12In this COVID era, the 

use of plasma as a source of disinfection has been 

appreciated. 

Biofilm deactivation 

Dental plaque is an aggregation of micro-organisms 

encased in a matrix of organic and inorganic 

components. It is said to be the culprit for periodontitis 

and dental caries that present features like- enhanced 

virulence and antibiotic resistance.13 Mechanical and 

chemical modalities to eliminate plaque are implemented 

by professional and personal means. However, it is 

practically impossible to eradicate pathogens from all 

sites by mechanical methods. Chemical plaque control 

can demonstrate certain drawbacks like mucosal dryness 

and irritation, staining of teeth, altered taste sensation, 

etc. Hence, constant efforts to develop new strategies to 

deactivate this plaque biofilm is made by researchers and 

periodontists.14 It has been clarified that plasma 

generates a plethora of reactive unstable ions eager to 

react with a substrate. These ions destroy pathogens and 

are effective in assassinating the bacterial population to a 

nearly undetectable level thereby achieving 100% 

bactericidal effect.15Ziuzina et al. evaluated the response 

of quorum sensing and virulence of P. aeruginosa, E. 

coli and L.monocytogens to cold plasma and concluded 

that the therapy is a potential approach to inactivate 

bacterial events.16 Qing Hong et al. conducted a trial to 

demonstrate the effect of atmospheric plasma therapy on 

S.mutans species. The results suggested that not only 

plasma helped in reducing the bacterial count, but also 



 Dr. Moitri Ojha, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 

 

 
©2023 IJDSIR, All Rights Reserved 

 
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

P
ag

e1
2

6
 

  

increased the susceptibility of bacteria to antibiotics and 

host immunity.17 Hong Q et. assessed the efficacy of 

plasma against P.gingivalis bacteria- a 

periodontopathogen, by employing several assays like 

MTT, CFU, biofilm recovery and antibiotic 

susceptibility. It was concluded that not only plasma 

enables bacterial killing but also inhibits antibiotic 

resistance and repopulation of bacterial colonies.18 

Implant surface modification 

The quality, design and features incorporated in implants 

during their manufacture determine their success rate. At 

the molecular level, a cascade of events follows when 

implant surface communicates with the oral biofluids 

and bone.19Attempts have been made consistently to 

optimize the performance of implant for better Osseo 

integration by modifying the implant surface yet 

maintaining its desirable properties. One such method 

involves coating the implant surface with thermally 

melted materials using plasma.20 

This method of treatment adopts the idea of homogenous 

deposition of titanium particles by injecting its powder 

form into a plasma torch which is then propelled against 

the surface at a high velocity. A layer of 40-50 μm 

thickness of titanium is deposited with an average 

roughness of 7μm. The roughness produced aids to 

increase the surface area and tensile strength at the bone-

implant interface.21A rougher surface also shortens the 

healing period. Plasma-treated implants have the 

advantage of altered surface wettability due to less 

carbon content which modulates cellular response and 

adhesion. Also, plasma operating at the chair side has 

been introduced with the idea of implant exposure before 

the therapy which has demonstrated reduced contact 

angle. This aids in enhanced activities of osteoblasts.22 

Plasma-sprayed hydroxyapatite coatings on implant 

surface are acknowledged by many manufacturers due to 

the rapid, well-controlled and homogenous deposition. 

In the process, various byproducts like tricalcium 

phosphate, tetra calcium phosphate and amorphous 

calcium phosphate are formed that permit the formation 

of apatite crystals during osseointegration. However, few 

authors have anticipated that plasma treatments can 

result in alterations in the metallic microstructure of 

implant surfaces.23,24 

Plasma-treated zirconia implants are receiving more 

attention than traditional titanium implants due to their 

exclusive esthetic qualities. Enhanced hydrophilicityis 

another property of plasma-treated implants which have 

been proven in in vitro and in vivo studies. 

Dental caries 

Argon plasma toothbrushes have been recognized to 

reduce the microbial population responsible for dental 

caries (L. acidophilus and S. mutans).25 Yang et al. 

suggested that decontamination is achieved within 

15seconds for S. mutans and within 5 minutes for 

L.acidophilus species.26Qiao et al., in their in vitro 

experiment subjected a cultured biofilm model of S. 

mutans to plasma-activated water (PAW)for ten minutes. 

The authors witnessed the efficiency of PAW as a 

potential germicidal agent. 

Studies have also advocated that cold plasma (Helium, 

Argon and DBD) can induce modifications in the 

hydroxyapatite crystals of enamel. This includes 

alterations in the hydrophilic and hydrophobic nature, 

the charge distribution, surface adsorption capacity and 

alterations in the chemical bonds. Recently, it has been 

proposed that plasma can enhance fluoride uptake which 

imparts antibacterial properties and can strengthen the 

enamel framework.27 

Active plasma can reach inaccessible areas, crevices, 

grooves and small spaces. Eva Stoffel did 

groundbreaking research on the use of plasma needles in 
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dental caries as a disinfectant. This system enjoys the 

advantage of drill-free technology, hence can be used in 

anxious and apprehensive patients.28 It is a minimally 

conservative approach which does not cause bulk 

removal of the tooth structure. 

Traditional root canal therapies cannot eliminate 

pathogens completely and can re-populate the canals 

causing relapse. A continuous quest for an ideal 

disinfectant with optimum anti-pathogenic action and 

least side effects is in progress. Owing to the bactericidal 

nature of cold plasma, several investigations have been 

carried out to scrutinize its success in root canal 

treatments. Plasma can destroy the lipopolysaccharide 

layer of gram-negative bacteria causing cell leakage 

besides triggering degradation of bacterial 

DNA.29Ameneh et al compared the antibacterial 

outcome of plasma with photodynamic therapy (PDT) in 

root canals infected with Enterococcus faecalis (a 

bacteria responsible for failures in endodontic 

treatment). They concluded that the plasma therapy was 

efficacious in killing the population of these 

bacteria.30Jie Pan et al. performed an in vitro trial to 

study the performance of plasma in reducing the strains 

of E. fecalis. The study displayed the effective biocidal 

property of plasma against these organisms.29 

Tooth bleaching 

The removal of intrinsic stains by clinicians has always 

been a mammoth task. Conventional tooth bleaching 

employs a light source which have been said to abuse 

pulp via thermal damage. Plasma generates reactive 

species that professionally remove the surface proteins 

adsorbed on the tooth surface accountable for staining.31 

Lee et al., in their study removed surface stains from 

extracted teeth using plasma, thereby proving its potency 

as a whitening agent. The same authors conducted 

further studies and suggested that plasma jets can be 

used in association with hydrogen peroxide, thus causing 

a synergistic effect. A gas-liquid hybrid plasma system 

was developed via radiofrequency and the same was 

used by Kim et al as a novel method to successfully 

bleach teeth.32Seoul et al, on the other hand used 15% 

carbamide with plasma for whitening of teeth.33Burak et 

al. in their in vitro study confirmed that deionized water 

with NTAPP can substitute common bleaching agents.34 

Adhesive restoration 

Glow discharge polymerization, also called plasma 

polymerization utilizes the concept of monomer 

activation to initiate polymerization and aims to replace 

wet-chemical process. The marvel was witnessed by Sir 

Wilde and Thernard who observed the formation of high 

molecular weight solid products in a plasma of organic 

vapors. Later many researches about the deposition of 

organic and metallo-organic coating on substrates were 

performed.35A polymer surface when exposed to plasma 

creates free radical species and activates the surface. It is 

then exposed to air which allows grafting of monomers. 

The surface topography, hardness, elastic module, 

energy and roughness is modified at the micro and 

Nano-scale which overall results in better cross-linking 

of polymers and imparts wear resistance to the 

substance. 

Plasma arc is gaining popularity for polymerization of 

composite restorations since it consumes shorter curing 

time. Studies have demonstrated that plasma treatment 

have also contributed differently to the penetration of 

individual components of the model adhesive due to 

their distinct hydrophilicity. 

Oral diseases 

Yixin et al. compared the efficacy of plasma with phase-

I therapy for the treatment of ligature- induced 

periodontitis in rats. The study presented that cold 

plasma plays a role in modulating the host-mediated 
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inflammatory and immune response by reducing the 

expression of osteoclasts, RANKL and pro-

inflammatory cytokines.36NTP can be used as a line of 

treatment in oral squamous cell carcinoma. Plasma 

irradiated medium has been used to destroy 

glioblastoma, ovarian, and gastric cancer cells. Cancer 

cells are oxidatively stressed. They bear a higher number 

of aquaporins and are prone to lipid peroxidation thereby 

facilitating entry of reactive species inside the cell. It is 

hypothesized that NTP can selectively kill these cells by 

ferroptosis process. The therapeutic technique can hinder 

the migration and invasion of cancer cells by reducing 

the expression of integrins. Since oral cavity directly 

communicates with the external environment, 

application of this therapy will be more accessible by the 

clinicians.37,38Candida albicans has been associated with 

root caries, early carious lesions in children and oral 

Candidiasis. The activity of plasma against this fungus 

was appreciated in the study conducted by Laurita et al., 

where deionized water (DIW), phosphate buffer (PB) 

and electrolyte solution (ES) from sodium dihydrogen 

phosphate in DIW, were treated by air DBD plasma.39 

Another study by Neda et al. proved the efficacy of NTP 

as an antifungal agent where strains of C. albicans was 

irradiated with plasma at 90, 120, 150 and 180seconds. 

The study illustrated that NTP inhibits the ergosterol 

synthesis in fungus besides hindering the activities of 

phosphoplipase and proteinase.40 

Anti-inflammatory and antisepsis 

The significance of plasma therapy has been highlighted 

in wound healing and antisepsis. The primary effect of 

plasma on a wound is disinfection and has been 

considered as an alternative therapy in patients with 

multidrug resistant therapy.41Few studies have suggested 

that plasma can cause multiple effects in mammalian 

cells which include interaction with subcellular 

components like DNA, proteins and human 

keratinocytes. Plasma can promote wound debridement 

in a single step by deactivating endotoxins and 

eliminating tissue- degrading enzymes (proteinase, 

hyaluronidase). At the molecular level, the low level of 

ROS produced in the process can encourage 

angiogenesis and promote intracellular signalling. Also, 

the state of the wound is transformed from a chronic 

stagnant stage to an active healing phase.42 

Conclusion 

The physiochemical nature of plasma is complex and 

depends on factors like temperature, pressure, 

environment, electrode configuration, source geometry 

and the composition of the gaseous mixture selected. 

The technology collaborates ideas from various fields 

like physics, chemistry, biotechnology and medicine. It 

is a promising, new and technically advanced scheme 

that serves multiple disciplines in dentistry. Further 

understanding and theoretical clarifications of cellular 

and molecular events in a biological tissue occurring in 

the presence of plasma is required whichwould help to 

resolve many mysteries.  
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