ISSN: 2581-5989

PubMed - National Library of Medicine - ID: 101738774

International Journal of Dental Science and Innovative Research (1JDSIR)
IJDSIR : Dental Publication Service

Available Online at: www.ijdsir.com
Volume =5, Issue — 2, April - 2022, Page No. : 51 - 59

Plasma therapy in dentistry

'Deepak Narang, Reader, Department of Oral Medicine and Radiology, Deshbhagat Dental College, Punjab, India.
*Tejveer Singh, Professor, Department of Oral Surgery, Deshbhagat Dental College, Punjab, India.

Corresponding Author: Deepak Narang, Reader, Department of Oral Medicine and Radiology, Deshbhagat Dental
College, Punjab, India.

Citation of this Article: Deepak Narang, Tejveer Singh, “Plasma therapy in dentistry”, 1JDSIR- April - 2022, Vol. - 5,
Issue - 2, P. No. 51 - 59,

Copyright: © 2022, Deepak Narang, et al. This is an open access journal and article distributed under the terms of the
creative commons attribution noncommercial License. Which allows others to remix, tweak, and build upon the work

non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.

Type of Publication: Original Research Article
Conflicts of Interest: Nil

Abstract

Plasma is known as ‘fourth state of matter’. Plasma is
two types: thermal and non-thermal or cold atmospheric
plasma. Electrons and heavy particles (neutral and ions)
present at the same temperature in Thermal plasma. Cold
Atmospheric Plasma (CAP) is said to be non-thermal
because it has electron at a hotter temperature than the
heavy particles that are at room temperature.
Non-thermal or cold plasmas are partially ionized gases
whose electron temperatures usually exceed several tens
of thousands degrees K, while the ions and neutrals have
much lower temperatures. Due to the presence of
reactive species at low temperature, the biological
effects of non-thermal plasmas have been studied for
application in the medical area with promising results
This review demonstrates different application of plasma
in dentistry like effect of plasma on dental implant,
dental cavity decontamination, sterilization, root canal
disinfection, tooth whitening, polymerization etc.
Keywords: Thermal plasma, non-thermal plasma, Cold

atmospheric Plasma, Dentistry

Introduction
Plasma, by far the most dominant state of matter in the
universe, was identified by Sir Crooke in 1879, and was
first named “plasma” by Langmuir in 1929. After a long
dormant phase since Simens used firstly plasma
discharge in order to create ozone in the late 1850s,
plasma research has recently evolved at a rapid pace and
extended into biomedical, environmental, aerospace,
agriculture and military fields"*.

As in medicine, the dental applications of physical
plasma can be mainly subdivided into two principal
approaches:

One is the use of plasma technology for the treatment of
surfaces, materials or devices to realize specific qualities
for  subsequent  special

applications  including

disinfection, and the other is the direct plasma

application on or in the human body for therapeutic
clear-cut classifications are

purposes; however,

sometimes impossible because of overlaps.
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In addition, the use of plasma for medical purposes
could be divided according to its temperature and the air
pressure at which it is generated®.

Normally, the electron and ion densities in plasmas are
condition

approximately equal (a called quasi-

neutrality), but the respective electron and ion
temperatures can be quite different. Plasmas are usually
classified as thermal and non-thermal plasmas®.

Thermal plasmas are in thermal equilibrium, which
means that their temperatures are relatively homogenous
throughout the heavy particles (i.e., atoms, molecules,
and ions) and electrons that usually span in the range of
thousands of K. The so-called non-thermal or cold
plasmas are partially ionized gases and their electron
temperatures exceed several tens of thousands K, while
the heavy particles (ions and neutrals) have a much
lower temperature®.

Plasma can be also generated under different pressure
conditions, including atmospheric pressure. In the last
decade, atmospheric pressure plasmas have become a
very attractive tool for material processing applications
because they are generated in an open environment and
can be easily implemented in online processing.
However, working at atmospheric pressure has some
disadvantages®.

This review aims at demonstrating different application
of plasma in dentistry like effect of plasma on dental
implant, dental cavity decontamination, sterilization,
root canal disinfection, tooth whitening, polymerization
etc.

Plasma therapy in dentistry

Surface Treatment

Direct Applications

Modification of the Microbicidal activities

implant surfaces

Enhancing adhesive Decontamination  Root
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qualities canal disinfection

Surface coating Tooth Bleaching

Plasma cleaning Miscellaneous

Surface treatment

Plasma therapy in dental implantology

Restorative treatment using dental implants has become
a standard procedure in contemporary dentistry. Since
the implant surface is the first part to interact with the
host, it has been thoroughly investigated in an attempt to
hasten the early host-to-implant response’™”.

Numerous possibilities have been suggested and

evaluated for this purpose’®*?; however, there is no
consensus concerning which kinds of surface roughness
and/or chemistry combination will result in optimum
osseointegration®**°,

Among these properties, implant surface hydrophilicity

or wettability has recently received considerable

attention.'®™®,

Recent study, stated that plasma treatment reduced the
contact angle and supported the spread of osteoblastic
cells. One of the advantages of plasma treatment is that
it leaves no residues after treatment.'*%.

Several studies reported the plasma treatment of zirconia
implants, which is increasing as an alternative to the
conventional titanium implant due to its superior esthetic
properties. They also demostrated the increase in
hydrophilicity and enhanced osseointegration in in vitro
as well as in vivo experiments® %,

plasma therapy in dental composite restoration

As a critical factor in improving the performance of
dental composites, adhesive dentistry has greatly
advanced since being first discovered by Buonocore®.
For most dental joints, one set of adherends is usually
composed of any dental substrates or previous
restorations while the other set consists of restorative

ones such as composite, amalgam, or ceramics®.
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Conventional adhesive systems employed several
methods to improve wettability, to elevate the surface
energy and to increase the roughness through techniques
involving etch-and-rinse, acid primers, Hydroxyethyl
methacrylate (HEMA) primers and laser irradiation?®?°,
In the same respect, plasma treatment has been
introduced as an alternative or additional procedure,
especially in the bonding of ceramic restorations, which
is more difficult to achieve. As an alternative for
adhesion enhancement in dental ceramic bonding,
atmospheric pressure plasma treatment has been
suggested. It enhances adhesion by producing carboxyl
groups on the ceramic surface and improves the surface
hydrophilicity as a result**332

Another attempt using plasma fluorination was reported,
which is expected to increase hydroxylation at the
surface, making it more reactive, thus allowing for
covalent bonding between the zirconia surface and resin
cement®¥’
Plasma therapy in sterilization

In contrast to the conventional methods of cleaning such
as the use of solvents or aggressive chemicals, plasma
cleaning leaves no residue, and, when optimized,
typically generates only CO2, H20, and N2 as gaseous
waste. Gas plasma treatment has the potential
advantages of lack of toxic residue effects, reduced
turnover time, and applicability for sterilization of heat-
and moisture sensitive instruments®*%,

Dental treatment can frequently induce cross-
contamination between dental patients and dentists
through instruments and materials as well as between
impression materials and dental technicians*®*.

Contaminated endodontic files exposed for a short
period to low-pressure oxygen—argon plasma showed a

reduction in the absolute amount of proteinaceous
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materials in a preliminary study, but the exact duration
was not described unfortunately***.

Direct treatment

Plasma therapy in microbial activities

Methods for the decontamination and conditioning of
intraoral surfaces are of great interest in the field of
dentistry. Cold plasmas are of particular interest, as heat
damage to dental pulp must be prevented.

Sn Group Species

1 | Streptococci  Streptococcus mutans, Streptococcus
sobrinus, Streptococcus parasang is,
Streptococcus  mitis,  Streptococcus
Oralis,

2 Lactobacillus  Lactobacillus fermentum, Lactobacillus
plantarum, Lactobacillus acidophilus,

3 Actinomyces Israeli,

Actinomyces Actino  my

cesgerencseriae, Actino my
cesnaeslundii,

4 Microaerophi  Actinobacillusactinomycetemcomitans,
les Eikenellacorrodens

5 Aerobes Neisseria mucosa,
Haemophilusparainfluenza

6 Anaerobes 1 Fusobacterium nucleatumssnucleatum,
Campylobacter rectus,
Veillonellaparvula, Corynebacterium
matruchotii,
Prevotellanigrescens/intermedia

7 | Anaerobes2  Porphyromonasgingivalis,

Selenomonasnoxia, Micromonas

micros

Bacteria that can be inactivated by plasmas

include**

Plasma therapy in periodontology

Periodontal disease (PD) affects the dental support
tissues and it is a major cause of tooth loss impacting on
individual’s function and social behaviour. Among the
bacteria involved in

periodontitis  development,

o

Porphyromonas gingival is, Tannerella forsythia and UB
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Treponema denticola, known as red complex, are the
most studied and associated to tissue destruction. Due to
the limited gain of the traditional periodontal treatment,
it is necessary to find new adjuvant therapies.

Kncuk et al, in the first clinical trial using plasma
therapy as an adjuvant therapy for non-surgical treatment
in one-time application protocol, found significant gain
of clinical attachment length after three months. They
also observed the elimination of microorganisms in the
red complex and recolonization reduction®’.

plasma therapy in cariology

Plasma can decontaminate dental cavity without drilling.
It is very useful to treat child patients. Eva Stoffel’s,
suggested the use of plasma needle on the basis of the
ability of plasma to kill E. coli*®.

Goree et al. reported that non-atmospheric plasma can
kill S. mutans. Plasma causes bacterial decontamination
in room temperature with the help of free radicals.
Plasma does not cause bulk tissue destruction. Laser or
mechanical technique also decontaminate dental cavity
but they produce heat and cause healthy tissue
destruction®.

Plasma therapy in oral oncology

The incidence and prevalence of oral cancer have been
continuously increasing in numbers, as well as the
mortality rates, especially among younger patients. Oral
cancer stands as an international public health problem
and one of most common cancer with more than 177,000
deaths and 354,500 new cases year worldwide™.

In addition to surgical approaches, the stereotactic body
radiotherapy associated with smart drug delivery
systems (SDDSs) have been proposed to oral cancer
therapy. The immunotherapy also advanced considerably
in the last years®".

However, those new discoveries involve expensive

treatments and ultra-expensive drugs. For this reason,
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the search for alternative is needed. The potential of
plasma in oral oncotherapy is based on its selectivity
towards malignant cells, capacity to induce cell death,
immune response, and controlled discharge of RONS
that can interfere on the molecular mechanisms of the
disease™.

Plasma treatment as a tool to control oral cancer cells
has been studied in the last years. Han et al. reported that
plasma induced DNA damage in SCC-25 oral cancer
cells. The effect on head and neck squamous cell
carcinoma (HNSCC) was also detected>*>*,

Plasma can also be an alternative for the treatment of
oral lichen planus, a precancerous lesion. Interestingly,
cancer cells such as SCC-15 and HNSCC were more
sensitive to plasma when compared to non-cancer cells
lines>®.

Plasma therapy in endodontics

Lu et al. used a plasma jet device which could generate
plasma inside root canal. Plasma causes disinfection of
the canal without feeling pain. The root canal system has
isthmus,  deltas,

complicated  structures  like,

ramifications,  particular  dentinal  tubules and
irregularities®.

It has been suggested that bacteria can enter dentinal
tubules as deep as 500-1000 um. When Helium/oxygen
(20%) is used as plasma, vibrational and rotational
temperatures of the plasma are about 2700 K, 300 K
respectively and current is about 10 mA then effective
destruction of E. faecalis is found. Ying long et al
performed an in-vitro study and found that twelve
minutes exposure of non-thermal plasma for three weeks
completely kill E. Faecalis®.

Plasma therapy in oral candidiasis

Oral candidiasis is an opportunistic disease with high
prevalence among immune compromised patients.

Lately, reports on refractory cases of oropharyngeal
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candidiasis are increasing and the treatment of these
cases has faced considerable challenges due to the
increasing occurrence of antifungal resistance and low
number of new antifungal molecules™.

Anti-Candida albicans effect was reported by some
studies. Additionally, Plasma showed modulatory effects
on C. albicans virulence factors, such as adhesion and
filamentation. Suppression of ergosterol biosynthesis has
been observed®

Future perspective

Plasma therapy has a great potential to be used in
dentistry in the near future, with applications in several
dental specialties. plasma might contribute to the
treatment of refractory infectious diseases and control of
oral cancers.

Currently, the major challenge to be overcome is the
determination of standardized therapeutic protocols to
each disease that can be validated by controlled clinical
trials®.

Limitations and conclusion

The study of plasma integrates various fields of science,
such as physics, chemistry, biology, and engineering,
and has recently involved medicine and dentistry in its
research efforts. However, dentists do not realize well
even though they use plasma in daily practice, such as
electrosurgical  applications for tissue removal,
cauterization, and plasma spraying of titanium implants.
Due to new technology, plasma technology also has
some limitations like, cost of the equipment, marketing,
maintenance and availability. Now-a-days, research of
the plasma therapy effect on tumor cells is being done
and some positive results are reported. The effect on
normal cells has to be studied in depth and validation
needed for its successful application. Some more

research is needed for this technology to be used in a
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cost effective, efficient and predictable manner in
clinical settings.

Clear conclusions are not yet drawn about the effects of
plasma therapy on human and non-human cells. Further
exploration should be required. The confusion may be
due to the beginning era of the novel field of plasma
dentistry.

More in vivo studies strongly need for the plasma
treatment to be used and accepted widely. The user-
friendly technique would gain more popularity because
manufacturers recently provide hand-held devices proper
for the clinic. Further understanding of the cellular and
molecular mechanisms involved could also give
researchers and clinicians insight into future applications
References

1. Crookes W. On radiant matter spectroscopy: a new
method of spectrum analysis. Proceedings of the Royal
Society 1983; 35:262-7.

2. Heinlein J, Is bary G, Stolz W, Morfill G,
Landthaler M, Shimizu T, et al. Plasma applications in
medicine with a special focus on dermatology. Journal
of the European Academy of Dermatology and
Venereology 2011; 25:1-11.

3. Heinlein J, Morfill G, Landthaler M, Stolz W,
Isbary G, Zimmermann JL, et al. Plasma medicine:
possible applications in dermatology. Journal der
Deutschen Dermatologischen Gesellschaft 2010; 8:968-
76.

4. von Woedtke T, Metelmann H. Editorial. Clinical
Plasma Medicine 2013; 1:1-2.

5. von Keudell, A.; Schulz-von der Gathen, V.
Foundations of low-temperature plasma physics—An
introduction. Plasma Sources Sci. Technol. 2017, 26,
113001. [Cross Ref]

6. Bruggeman, P.J.; lza, F.; Brandenburg, R.

Foundations of atmospheric pressure non-equilibrium

Page 5 5



Deepak Narang, et al. International Journal of Dental Science and Innovative Research (IJDSIR)

plasmas. Plasma Sources Sci. Technol. 2017, 26,
123002. [Cross Ref]

7. Laney WR. The emphasis on esthetics. The
International Journal of Oral & Maxillofacial Implants
2001; 16:625.

8. Alberktsson T, Gottlow J, Meirelles L, Ostman PO,
Rocci A, Senner by L. Survival of Nobel Direct
implants: an analysis of 550 consecutively placed
implants at 18 different clinical centers. Clinical Implant
Dentistry and Related Research 2007; 9:65-70.

9. Sinha RK, Morris F, Shah SA, Tuan RS. Surface
composition of orthopaedic implant metals regulates cell
attachment, spreading, and cytoskeletal organization of
primary human osteoblasts in vitro. Clinical
Orthopaedics and Related Research 1994:258-72.

10. Anselme K, Bigerelle M. Statistical demonstration
of the relative effect of surface chemistry and roughness
on human osteoblast short-term adhesion. Journal of
materials science. Materials in Medicine 2006; 17:471-9.
11. Placko HE, Mishra S, Weimer JJ, Lucas LC.
Surface characterization of titanium-based implant

materials. The International Journal of Oral &
Maxillofacial Implants 2000; 15:355-63.

12. Mustafa K, Wennerberg A, Wroblewski J, Hulten
by K, Lopez BS, Arvidsson K. Determining optimal
surface roughness of Tio (2) blasted titanium implant
material for attachment, proliferation and differentiation
of cells derived from human mandibular alveolar bone.
Clinical Oral Implants Research 2001; 12:515-25.

13. Coelho PG,

characterization and in vivo evaluation of nano thickness

Lemons JE. Physico/chemical
bio ceramic depositions on alumina-blasted/acid-etched
Ti-6Al-4V implant surfaces. Journal of Biomedical
Materials Research. Part A 2009; 90:351-61.

14. Coelho PG, Granjeiro JM, Romanos GE, Suzuki M,

Silva NR, Cardaropoli G, et al. Basic research methods

© 2022 1JDSIR, All Rights Reserved

and current trends of dental implant surfaces. Journal of
Biomedical Materials Research. Part B, Applied
Biomaterials 2009;88:579-96.

15. Chung SH, Kim HK, Shon WJ, Park YS. Peri-
implant bone formations around (Ti, Zr) O (2) -coated
zirconia implants with different surface roughness.
Journal of Clinical Periodontology 2013; 40:404-11.

16. Rupp F, Scheideler L, Eichler M, Geis-Gerstorfer J.
Wetting behavior of dental implants. The International
Journal of Oral & Maxillofacial Implants 2011; 26:1256-
66.

17. Kawai H, Shibata Y, Miyazaki T. Glow discharge
plasma pretreatment enhances osteoclast differentiation
and survival on titanium plates. Biomaterials 2004;
25:1805-11.

18. Shibata Y, Hosaka M, Kawai H, Miyazaki T. Glow
discharge plasma treatment of titanium plates enhances
adhesion of osteoblast-like cells to the plates through the
integrin-mediated mechanism. The International Journal
of Oral & Maxillofacial Implants 2002; 17:771-7.

19. Giro G, Tovar N, Witek L, Marin C, Silva NR,
Bonfante EA, et al. Osseointegration assessment of
chairside argon-based nonthermal plasma-treated Ca-P
coated dental implants. Journal of Biomedical Materials
Research. Part A 2013; 101:98-103.

20. Duske K, Kaoban I, Kindel E, Schroder K, Nebe B,
Holtfreter B, et al. Atmospheric plasma enhances
wettability and cell spreading on dental implant metals.
Journal of Clinical Periodontology 2012; 39:400-7.

21. Noro A, Kaneko M, Murata |, Yoshinari M.
Influence of surface topography and surface
physiochemistry on wettability of zirconia (tetragonal
zirconia polycrystal). Journal of Biomedical Materials
Research. Part B, Applied Biomaterials 2013;101:355-

63.

Page 5 6



Deepak Narang, et al. International Journal of Dental Science and Innovative Research (IJDSIR)

22. Park YS, Chung SH, Shon WAJ. Peri-implant bone
formation and surface characteristics of rough surface
zirconia implants manufactured by powder injection
molding technique in rabbit tibiae. Clinical Oral
Implants Research 2013; 24:586-91.

23. Shon WJ, Chung SH, Kim HK, Han GJ, Cho BH,
Park YS. Peri-implant bone formation of nonthermal
atmospheric pressure plasma-treated zirconia implants
with different surface roughness in rabbit tibiae. Clinical
Oral Implants Research 2013; 25:573-9.

24. Buonocore MG. A simple method of increasing the
adhesion of acrylic filling materials to enamel surfaces.
The Journal of Dental Research 1955; 34:849-53.

25. Chen M, Zhang Y, Sky Driver M, Caruso AN, Yu
Q, Wang Y. Surface modification of several dental
substrates by non-thermal, atmospheric plasma brush.
Dental materials: official publication of the Academy of
Dental Materials 2013; 29:871-80.

26. Rosales JI, Marshall GW, Marshall SJ, Watanabe
LG, Toledano M, Cabrerizo MA, et al. Acid-etching and
hydration influence on dentin roughness and wettability.
The Journal of Dental Research 1999; 78:1554-9.

27. Hitmi L, Bouter D, Degrange M. Influence of
drying and HEMA treatment on dentin wettability.
Dental materials: official publication of the Academy of
Dental Materials 2002; 18:503-11.

28. Osorio R, Ceballos L, Tay F, Cabrerizo-Vilchez
MA, Toledano M. Effect of sodium hypochlorite on
dentin bonding with a polyalkenoic acid-containing
adhesive system. Journal of Biomedical Materials
Research 2002; 60:316-24.

29. Aguilar-Mendoza JA, Rosales-Leal JI, Rodriguez-
Valverde MA, Cabrerizo-Vilchez MA. Effect of acid
etching on dentin wettability and roughness: self-etching

primers versus phosphoric acid. Journal of Biomedical

© 2022 1JDSIR, All Rights Reserved

Materials Research. Part B, Applied Biomaterials
2008;84:277-85.

30. Cho BH, Han GJ, Oh KH, Chung SN, Chun BH.
The effect of plasma polymer coating using atmospheric-
pressure glow discharge on the shear bond strength of
composite resin to ceramic. Journal of Materials Science
2011; 46:2755-63.

31. Han GJ, Chung SN, Chun BH, Kim CK, Oh KH,
Cho BH. Effect of the applied power of atmospheric
pressure plasma on the adhesion of composite resin to
dental ceramic. The Journal of Adhesive Dentistry 2012;
14:461-9

32. Valverde GB, Coelho PG, Janal MN, Lorenzoni FC,
RM, Thompson VP, et al.

characterization and bonding of Y-TZP following non-

Carvalho Surface
thermal plasma treatment. The Journal of Dentistry
2013; 41:51-9.

33. Piascik JR, Swift EJ, Braswell K, Stoner BR.
Surface fluorination of zirconia: adhesive bond strength
comparison to commercial primers. Dental materials:
official publication of the Academy of Dental Materials
2012; 28:604-8

34. Simionescu BC, Leanca M, Ananiescu C,
Simionescu CI. Plasma-Induced Polymerization .3. Bulk
and Solution Homo polymerization of Some Vinylic
Monomers. Polymer Bulletin 1980; 3:437-40.

35. Eisner CB, Espey M, Ow H, Wang KW, Wiesner
U, Schnermann J. Measurement of Plasma Volume
using Nanoparticles in Mice. The FASEB Journal
2009;23.

36. Friedman J, Hassan R. Comparison study of visible
curing lights and hardness of light-cured restorative
materials. The Journal of Prosthetic Dentistry 1984;
52:504-6.

37. Rueggeberg FA, Caughman WF, Curtis JW, Jr.,

Davis HC. Factors affecting cure at depths within light-

Page 5 7



Deepak Narang, et al. International Journal of Dental Science and Innovative Research (IJDSIR)

activated resin composites. American Journal of
Dentistry 1993; 6:91-5
38. Southwood LL, Baxter GM.

sterilization, skin preparation, and wound management.

Instrument

The Veterinary Clinics of North America. Equine
Practice 1996; 12:173-94.

39. 77. Ayliffe G. Decontamination of minimally
invasive surgical endoscopes and accessories. The
Journal of Hospital Infection 2000; 45:263-77.

40. Hutchings ML, Vandewalle KS, Schwartz RS,
Charlton DG. Immersion disinfection of irreversible
hydrocolloid impressions in pH-adjusted sodium
hypochlorite. Part 2: Effect on gypsum casts. The
International Journal of Prosthodontics 1996; 9:223-9.
41. 81. Leung RL, Schonfeld SE. Gypsum casts as a
potential source of microbial cross-contamination. The
Journal of Prosthetic Dentistry 1983; 49:210-1.

42. 82. Runnells RR. An overview of infection control
in dental practice. The Journal of Prosthetic Dentistry
1988; 59:625-9

43. Whittaker AG, Graham EM, Baxter RL, Jones AC,
Richardson PR, Meek G, et al. Plasma cleaning of dental
instruments. The Journal of Hospital Infection 2004;
56:37-41.

44, 84. Sung SJ, Huh JB, Yun MJ, Chang BM, Jeong
CM, Jeon YC. Sterilization effect of atmospheric
pressure non-thermal air plasma on dental instruments.
The Journal of Advanced Prosthodontics 2013; 5:2-8.

45. S. S. Socransky, C. Smith, L. Martin, B. J. Paster,
F. E. Dewhirst, and A. E. Levin. Checkerboard DNA-
DNA hybridization. Biotechniques, 1994; 17:788-792.
46. [26]. Feng B, Weng J, Yang BC, et al.
Characterization of surface oxide films on titanium and
adhesion of osteoblast. Biomaterials 2003; 24:4663-4670
47. Kiglk, D.; Savran, L.; Ercan, U.K.; Yarali, Z.B.;

Karaman, O.; Kantarci, A.; Sa “glam, M.; Kdseo “glu, S.

© 2022 1JDSIR, All Rights Reserved

Evaluation of efficacy of non-thermal atmospheric
pressure plasma in treatment of periodontitis: A
randomized controlled clinical trial. Clin. Oral Investig.
2020, 24, 3133-3145. [CrossRef].

48. Goree J, Liu B, Drake D, Stoffels E (2006) Killing
of S. mutans Bacteria Using a Plasma Needle at
Atmospheric Pressure. IEEE Trans Plasma Sci 34: 1317-
1324,

49. Haapasalo M, Orstavik D. in vitro infection and
disinfection of dentinal tubules. J Dent Res. 1987;
66:1375-9. [PubMed: 3114347]

50. Sarode, G.; Maniyar, N.; Sarode, S.C.; Jafer, M.;
Patil, S.; Awan, K.H. Epidemiologic aspects of oral
cancer. Dis. Mon. 2020, 66, 100988. [CrossRef]

51. 107. Pilleron, S.; Soto-Perez-de-Celis, E.; Vignat,
J.; Ferlay, J.; Soerjomataram, I.; Bray, F.; Sarfati, D.
Estimated global cancer incidence in the oldest adults in
2018 and projections to 2050. Int. J. Cancer 2021, 148,
601-608. [Cross Ref] [PubMed]

52. Hossen, S.; Hossain, M.K.; Basher, M.K.; Mia,
M.N.H.; Rahman, M.T.; Uddin, M.J. Smart nanocarrier-
based drug delivery systems for cancer therapy and
toxicity studies: A review. J. Adv. Res. 2019, 15, 1-18.
[Cross Ref]

53. Liu, C.; Han, C.; Liu, J. The Role of Toll-Like
Receptors in Oncotherapy. Oncol. Res. 2019, 27, 965-
978. [Cross Ref] [PubMed]

54. Wijetunga, N.A.; Yu, Y.; Morris, L.G.; Lee, N.;
Riaz, N. The head and neck cancer genome in the era of
immunotherapy. Oral Oncol. 2021, 112, 105040. [Cross
Ref] [PubMed]

55. 115. Carvalho, B.G.; Vit, F.F.; Carvalho, H.F.; Han,
S.W.; de la Torre, L.G. Recent advances in co-delivery
nanosystems for synergistic action in cancer treatment. J.
Mater. Chem. B 2021, 9, 1208-1237. [Cross Ref]
[PubMed]

Page 5 8



Deepak Narang, et al. International Journal of Dental Science and Innovative Research (IJDSIR)

56. Yinglong L, Ke S, Guopin Y, Yongdong L, Hong P,
Guomin W, Yijiao Z, Jie P, Jue Z, and Jing F.
Evaluation of Cold Plasma Treatment and Safety in
Disinfecting 3-week Root Canal Enterococcus faecalis
Biofilm In Vitro. JOE 2015; 41(8):1325-1330

57. [38]. Lee HW, Kim GJ, Kim JM, Park JK, Lee JK,
et al. (2009) Tooth bleaching with non-thermal
atmospheric pressure plasma. J Endod 35: 587-591

58. Bhattacharya, S.; Sae-Tia, S.; Fries, B.C.
Candidiasis and Mechanisms of Antifungal Resistance.
Antibiotics 2020, 9, 312. [Cross Ref]

59. Sun, Y. Yu,S.; Sun, P.; Wu, H.; Zhu, W.; Liu, W.;
Zhang, J.; Fang, J.; Li, R. Inactivation of Candida
biofilms by non-thermal plasma and its enhancement for
fungistatic effect of antifungal drugs. PLoS ONE 2012,
7, €40629. [Cross Ref] [PubMed

60. Rahimi-Verki, N.; Shapoorzadeh, A.; Razzaghi-
Abyaneh, M.; Atyabi, S.M.; Shams-Ghahfarokhi, M.;
Jahanshiri, Z.; Gholami Shabani, M. Cold atmospheric
plasma inhibits the growth of Candida albicans by
affecting ergosterol biosynthesis and suppresses the
fungal virulence factors in vitro. Photo diagnosis Photo
dyn. Ther. 2016, 13, 66—72. [Cross Ref] [PubMed]

© 2022 1JDSIR, All Rights Reserved

Page 5 9



