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ABSTRACT

Lasers have been identified as one of the preventive tools that can be utilised to prevent white spot lesion in ortho-
dontic practice. The aim of this scoping review was to evaluate the current scientific literature on the use of lasers
specifically to prevent white spot lesion in orthodontic cases. Search was performed in PubMed, Web of Science,
Scopus and EBSCO databases from the past ten years. The records obtained were peruse considering specific in-
clusion and exclusion criteria. From the total of 1123 studies that were evaluated, 68 papers were included for this
review. A variety of laser types has been reported including Er;YAG, Er,Cr:YSGG, Argon and CO, lasers. CO, laser
has a good number of evidence of it’s positive result and can be suggested to be use in clinical practise. However,
since most data for the other type of lasers were derived from in vitro studies, they must be interpreted with care.
Randomised clinical trials would be beneficial to give more meaningful evidence for clinicians to adopt lasers in

their practice.
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INTRODUCTION

White spot lesion occurs when there is demineralisation
of the enamel surface. The expression of a chalky white
spot on the tooth is the initial sign of carious lesion.
23.4% of orthodontic patients with fixed appliance
would develop white spot lesion (1).

There are two main approaches in preventing
decalcification during orthodontic treatment. It
is either by removal of causative factors (e.g.,

dietary sugars, plaque formation or adhesion) or by
tackling the susceptibility of enamel surface towards
demineralisation. Conventional prevention of white
spot lesion was mostly done by maintaining optimal oral
hygiene, the use of fluoride mouth rinses (2) or the use of
professionally applied adjunct such as topical fluoride.
A review on the use of laser in Paediatric Dentistry has
concluded that there is a lack of sufficient evidence on
the clinical application of laser in dentistry although it is
readily apparent of the success of paediatric laser usages
in soft tissue surgery (3).

There have been several reported investigations
regarding the use of laser to prevent white spot lesion.
However, it is not a routine practice in clinical setting.
This paper aims to review the available scientific

evidence regarding the use of laser in preventing enamel
decalcification during orthodontic treatment.

METHODS

This is a scoping review conducted by using a framework
that was suggested by Arksey and O’Malley (4). The
search was conducted by using four databases;

» PubMed

» Scopus
o Web of Science and
« EBSCO.

Criteria that have been included in this review were
articles written in English published from January 2008
until December 2018. Articles associated with the use of
laser for prevention of white spot lesion were searched
from the databases. Case reports and full research
articles were included except abstract for scientific
presentation and review papers. The search terms that
were used in the search engine were laser, prevention,
enamel demineralisation or white spot lesion.

The search resulted in 1123 initial records (Fig. 1)
from all four databases after duplicates were removed.
Abstracts of these records were screened, and 1053
records were excluded. 70 full-text articles were then
assessed for eligibility, and two has to be excluded as
one paper was an in vitro study to assess laser used in
treating initial demineralisation while another paper
was an abstract for a proceeding, whereby no full-text
article was available. Thus, a total number of 68 full-text
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Figure 1: PRISMA flow chart

articles were assessed and included in this qualitative
synthesis (Table I).

DISCUSSION

68 research articles were assessed from the year 2008
until 2018 (Fig. 2)(5-73). For the past 10 years, the
majority of studies regarding lasers in preventing white
spot lesion were in vitro studies, five in vivo studies
were found while only two clinical trials were done in
this subject.

Number of published studies
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e Number of published studies

Figure 2: Studies grouped by year of publication

Four in vivo studies lased teeth that would be extracted
from patient’'s mouth (30, 51, 52, 72) while one study
uniquely inserted a bovine enamel slab using a palatal
appliance inside volunteer’s mouth (61). All five in vivo
studies indicate inhibition of demineralisation.

Lasers used in studies associated with white spot lesion
prevention were mostly CO,, followed by ErYAG,
Nd:YAG and Er,Cr:YSGG (Fig. 3). Diode, argon and

Table I: Characteristics of included study

No  First Author Year Study Design Type of Laser
1 Afsheen, S 2008 In Vitro Nd:YAG
2 Ana, P.A 2012 In Vitro Er,Cr:YSGG
3 Ana, P.A 2014 In Vitro Nd: YAG
Er, CR: YSGG
4 Anaraki, S.N 2012 In Vitro Co,
Er,Cr: YSGG
5 Azevedo 2012 In Vitro Nd: YAG
6 Azevedo 2012 In Vitro Er: YAG
7 Bahrololoomi 2015 In Vitro Diode
8 Banda, N.R 2011 In Vitro Nd: YAG
9 Bedini, R 2010 In Vitro Nd: YAG
10 Behroozibakhsh, M. 2018 In Vitro Er:-YAG
11 Belcheva, A 2018 In Vitro co,
12 Bevilbequa, F. M. 2008 InVitro Er:YAG
13 Chand, B.R 2016 In Vitro Nd:YAG
Diode
14 Chokhachi Zadeh Moghad- 2018  In Vitro Diode
am, N.
15 Correa-Afonso, A. M. 2010 In Vitro Er:-YAG
16 Correa-Afonso, A. M. 2012 In Vitro co,
17 De Freitas, P. M. 2010 In Vitro Er,Cr:YSGG
18 De Sant’Anna, G. R. 2009 In Vitro Diode
19 De Souza-E-Silva, C. M. 2013 In Vitro co,
20  Devados, B. R. 2009  InVitro Argon
21 DHaz-Monroy, J. M. 2014 In Vitro Er:-YAG
22 Esteves-Oliveira, M. 2009 In Vitro CO,
23 Fekrazad, R. 2014 In Vitro Er, Cr:YSGG
24 Fornaini, C. 2014 In Vitro Er: YAG
25 Geraldo-Martins, V. R. 2013 In Vitro Er, Cr:YSGG
26 Kaur, T 2017 In Vivo Er, Cr:YSGG
co,
27 Kim, J.W 2016 In Vitro CO,
28 Kim, J.W 2017 In Vitro CO,
29 Kumar, P. 2016 In Vitro Er,Cr:-YSGG
30 Liu, Y 2013 In Vitro Er:-YAG
31 Mahmoudzadeh, M. 2018 In Vitro co,
32 Manuela Dnaz-Monroy, J. 2014 In Vitro Er:YAG
33 Mathew, Anju 2013 InVitro Er:YAG
co,
34 Miresmaeili, A. 2014 Single-blind inter- CO,
ventional clinical
trial
35  Miresmaeili, Amirfarhang 2014 Invitro Argon
36 Mocuta, D. 2016 In Vitro Er:-YAG
37 Moghadam, N. C. Z. 2018  In Vitro Diode
38 Moslemi, M. 2009 In Vitro Er;Cr;YSGG
39 Nair, A. S. 2016 In Vitro Er:YAG
40 Nakagaki, S. 2015 InVitro CO,
41 Nogueira, R. D. 2017 In Vitro Er,Cr;YSGG
Er:YAG
Diode
42 Noureldin, A. 2016 In Vitro co,
43 Nozari, A. 2018 In Vitro CoO,
44 Paulos, R. S. 2017 In Vitro co,
Nd:YAG
45 Raghis, T. 2018  Randomised clini- co,
cal trial
46 Raucci Neto, W. 2015 In-Vivo Nd:YAG
47 Rechmann, P. 2011 In-Vivo co,
continue............
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Table I: Characteristics of included study (continued.....)

No  First Author Year Study Design Type of Laser

48 Rechmann, P. 2016 In Vitro Co,

49 Reddy Banda, N. 2011 In Vitro Nd-YAG

50 Rodruguez-Vilchis, L. E. 2010 In Vitro Er:YAG

51 Rodruguez-Vilchis, L. E. 2011 In Vitro Er-YAG

52 Seino, P. Y. 2015 In Vitro CO,
Nd:YAG

53 Shahabi, Sima 2016 In Vitro Nd:YAG
Er:YAG

54 Sharma, S. 2016 In Vitro Aluminum
gallium
arsenide

55 Souza-Gabriel, A. 2010 In Vitro co,

56 Souza-Gabriel, A. E. 2015 In Vivo co,

57 Stangler, L. P. 2013 In Vitro co,

58 Steiner-Oliveira, C. 2008 In Vitro CO,

59 Subramaniam, P. 2014 In Vitro Er,Cr;YSGG

60 Tavares, ). G. 2012 In Vitro Argon
Nd:YAG

61 Ulkur, F. 2014 In Vitro Er:'YAG

62 Vieira, K. A. 2015 In Vitro CoO,

63 Wen, X. 2014 In Vitro Nd:YAG

64 Yassaei, Sogra 2014 In Vitro Er:YAG

65  Zadeh Moghadam, N. C. 2018  In Vitro Diode

66  Zamudio-Ortega, C. M. 2014 In Vitro Er:YAG

67 Zezell, D. M. 2009 In Vivo Nd:YAG

68 Ziglo/ M. ). 2009 In Vitro Argon

25
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Figure 3: Types of laser according to number of papers pub-
lished

aluminium gallium arsenide (AlGaAs) were the least
reported type of laser in the literature. Nine out of 68
studies compared two or three different lasers together
to assess which type of laser would give a better acid
resistance outcome. 59 other papers mostly studied
one type of laser, either with different parameters or
comparing the specific type of laser with conventional
preventive tool mainly used in clinical practice such as
topical fluoride.

The only two available clinical trials found in the
literature assessed CO, laser in orthodontic patients
treated with fixed appliances.In the first trial, CO, lased

enamel surface was found to be significantly micro
hardened compared to control after two months of
intervention (39). However, formation of white spot
lesion was difficult to be assessed as the tested teeth
were extracted two months after being lased to perform
microhardness testing. The other clinical trial was a two-
arm, split-mouth randomised clinical trial whereby the
primary outcome was the diagnosis of white spot lesion
in vivo up until six months into the trial. This study has
shown significant clinical and statistical differences in
the presence and extent of white spot lesion between
the laser treated group and the control group. CO,
laser was shown to have an inhibitory effect towards
demineralisation of enamel adjacent to orthodontic
brackets (50). More clinical studies looking at the long
term effect of laser usage and the effect of different type
of laser is obviously needed within this field.

Experimental laboratory studies were mostly done to
assess acid resistance via morphological and surface
change assessment, assessment of chemical changes,
quantification of mineral content, and microhardness
testing. Samples used were mostly permanent human
teeth or deciduous teeth. Bovine enamels were the main
replacement for human samples as it was considered
to be an acceptable replacement for research purposes
(60).

Content of enamel after acid challenges were assessed
for changes. A variety of result were observed depending
on the type of lasers that were being used. There were
no significant changes seen in the organic and inorganic
content of enamel when it was lased with Er,CR:YSGG
prior to acid challenge. However, Nd:YAG promotes
loss of carbonate and organic content (6). Another
study focusing on a variety of ranges of Nd:YAG laser
pulses confirms the finding of the later author regarding
changes in the carbonate content. However, fusion of
components on the enamel surfaces causes hardening
of the surfaces, thus increasing its” acid resistances (5).
Enamel surfaces lased with Nd:YAG with 60m]J energy,
10Hz frequency and 0.6W power gives the optimum
result for caries prevention and there were no micro-
cracks when enamel were tested at the mentioned
parameter (13). When Nd:Yag were tested synergistically
with fluoride, it gaves a homogenous, confluent surfaces,
thus increasing it's microhardness (12). According to
authors, this would provide a better protective barrier
to caries attack when compared to using Nd:YAG
alone. Er:YAG laser may have a good potential to be
a preventive agent of demineralisation. It induces
crystalline changes mainly due to carbonate reduction
and formation of new phases like CaF2(14). Conflicting
results on the use of Er:-YAG for non-ablative purposes
have been found in the literature; 24 shows positive
results whilst 13 studies reported negative findings (74).
Safe parameters should be properly determined prior to
clinical usage as Er:YAG laser also produces cracks and
craters that may enhances demineralisation.
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CO, laser used on enamel surface treated with
acidulated phosphate fluoride (APF) gives a better effect
in decreasing enamel demineralisation when compared
to Er, Cr:YSGG (8). CO, used together with APF showed
the least diminution in enamel surface microhardness
(15). Most authors suggested an excellent outcome
when lasers were being used synergistically with topical
fluoride while a few have shown that using the laser
alone produces better inhibition effect. For example,
Er,Cr:-YSGG decreases hardness loss with no additive
effect when applied together with APF (7). Another
interesting study shows the use of laser together with
fluoride varnish causes alteration on the surface
roughness of the enamel. The pigmented varnish causes
an increase in ablative characteristic of Er,Cr: YSGG,
Nd:YAG and diode laser making it more susceptible to
bacterial adhesion (46).

Most of the scrutinised papers outlined a positive
correlation, while only four studies demonstrated
the opposite outcome when samples were being
lased. Although Er:-YAG laser produces beneficial
crystalline changes, the morphological transformation
may eliminate the positive changes and promotes
formation of incipient lesion (14, 56). Another in vitro
assessment of Er:YAG laser using microhardness testing
and qualitative inspection using scanning electron
microscope also found that the demineralisation
inhibition of Er:YAG laser was substandard (66). In an
in vitro intervention focusing on the effect of laser on
primary teeth, the authors suggested that the parameters
used in their research were not suitable for prevention
of demineralisation in primary teeth. The authors found
primary teeth irradiated with Er:YAG has mild to severe
damages (71).

CO, shows promising results and do have a clinical
evidence to back it’s use in clinical setting. The main
difficulty to perform a good randomised clinical trial in
this area are the lack of uniformity in terms of parameters
being used in previous experimental studies which
is quite exigent to translate into clinical trial fearing
detrimental effect towards patient. However, more
studies need to be done focusing on the other type of
lasers commonly used in dentistry to confirm its clinical
efficacy.

CONCLUSION

Majority of the studies included in this review concluded
a positive finding with regards to the potential use of
lasers as a preventive option in managing white spot
lesion. However, most of the studies were in vitro
studies using samples of non-vital human or bovine
teeth. Thus, interpretation towards clinical practice
should be made with caution. More clinical trials in this
area are welcome in order to have a better conclusion
in terms of which laser would give the best performance,
suitable parameters to be use and whether there is still

requirement for adjunctive prevention methods such as
topical fluoride together with the use of laser.

ACKNOWLEDGEMENT

The publication of this article is supported by the USM
Short Term Grant, 304/CIPPT/6313281.

REFERENCES

1. Julien KC, Buschang PH, Campbell PM. Prevalence
of white spot lesion formation during orthodontic
treatment. The Angle orthodontist. 2013;83(4):641-
7.

2. Kerbusch AE, Kuijpers-Jagtman AM, Mulder J,
Sanden WJ. Methods used for prevention of white
spot lesion development during orthodontic
treatment with fixed appliances. Acta Odontol
Scand. 2012;70(6):564-8.

3. Martens LC. Laser physics and a review of laser
applications in dentistry for children. European
Archives of Paediatric Dentistry. 2011;12(2):61-7.

4. Arksey H, O’Malley L. Scoping studies: towards a
methodological framework. International Journal
of Social Research Methodology. 2005;8(1):19-32.

5. Afsheen S, Tahir MB, Igbal T, Firdous S, Rehman
JU, Khan HMNUH, et al. Morphological, structural
and hardness changes of human dental enamel
irradiated with a Nd:YAG laser. Laser Physics.
2018;28(12).

6. Ana PA, Kauffmann CMF, Bachmann L, Soares
LES, Martin AA, Gomes ASL, et al. FT-Raman
spectroscopic analysis of Nd:YAG and Er,Cr:YSGG
laser irradiated enamel for preventive purposes.
Laser Physics. 2014;24(3).

7. Ana PA, Tabchoury CPM, Cury JA, Zezell DM.
Effect of Er,Cr:YSGG laser and professional
fluoride application on enamel demineralization
and on fluoride retention. Caries Research.
2012;46(5):441-51.

8.  Anaraki SN, Serajzadeh M, Fekrazad R. Effects of
laser-assisted fluoride therapy with a CO, laser and
Er,Cr:YSGG Laser on enamel demineralization.
Pediatric Dentistry. 2012;34(4):e92-€6.

9. Azevedo DT, Faraoni-Romano JJ, Derceli R,
Palma-Dibb RG. Effect of Nd:YAG laser combined
with fluoride on the prevention of primary tooth
enamel demineralization. Brazilian Dental Journal.
2012;23(2):104-9.

10. Azevedo DT, Romano JJF, Dos Reis Derceli J,
Dibb RGP. Er:YAG laser effect on bovine enamel
microhardness after erosive challenge. Revista
Odonto Ciencia. 2012;27(4):329-32.

11. Bahrololoomi Z, Lotfian M. Effect of Diode Laser
Irradiation Combined with Topical Fluoride on
Enamel Microhardness of Primary Teeth. Journal of
Dentistry of Tehran University of Medical Sciences.
2015;12(2):85-9.

12. Banda NR, G VR, Shashikiran ND. Evaluation of

71 Mal ) Med Health Sci 16(SUPP2): 68-74, May 2020



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Primary Tooth Enamel Surface Morphology and
Microhardness after Nd:YAG Laser Irradiation and
APF Gel Treatment--An in vitro study. Journal of
Clinical Pediatric Dentistry. 2011;35(4):377-82.
Bedini R, Manzon L, Fratto G, Pecci R.
Microhardness and morphological changes
induced by Nd:Yag laser on dental enamel: An in
vitro study. Annali dell’lstituto Superiore di Sanita.
2010;46(2):168-72.

Behroozibakhsh M, Shahabi S, Ghavami-Lahiji M,
Sadeghian S, Nazari NSF. Evaluation of crystalline
changes and resistance to demineralization of
the surface of human dental enamel treated with
Er:-YAG laser and fluoride using x-ray diffraction
analysis and Vickers microhardness. Laser Physics.
2018;28(6).

Belcheva A, El Feghali R, Nihtianova T, Parker
S. Effect of the carbon dioxide 10,600-nm laser
and topical fluoride gel application on enamel
microstructure and microhardness after acid
challenge: an in vitro study. Lasers in Medical
Science. 2018;33(5):1009-17.

Bevilocqua FM, Zezell DM, Magnani R, Da Ana
PA, De Paula Eduardo C. Fluoride uptake and acid
resistance of enamel irradiated with Er:-YAG laser.
Lasers in Medical Science. 2008;23(2):141-7.
Chand BR, Kulkarni S, Mishra P. Inhibition of
enamel demineralisation using “Nd-YAG and
diode laser assisted fluoride therapy”. European
Archives of Paediatric Dentistry. 2016;17(1):59-
64.

Chokhachi Zadeh Moghadam N, Seraj B,
Chiniforush N, Ghadimi S. Effects of Laser
and Fluoride on the Prevention of Enamel
Demineralization: An In Vitro Study. ] Lasers Med
Sci. 2018;9(3):177-82.

Corrka-Afonso AM, Bachmann L, De Almeida CG,
Corona SAM, Borsatto MC. FTIR and SEM analysis
of CO, laser irradiated human enamel. Archives of
Oral Biology. 2012;57(9):1153-8.

Correa-Afonso AM, Ciconne-Nogueira JC, Piicora
JD, Palma-Dibb RG. Influence of the irradiation
distance and the use of cooling to increase enamel-
acid resistance with Er:YAG laser. Journal of
Dentistry. 2010;38(7):534-40.

De Freitas PM, Rapozo-Hilo M, De P. Eduardo C,
Featherstone JDB. In vitro evaluation of erbium,
chromium:yttrium-scandium-gallium-garnet laser-
treated enamel demineralization. Lasers in Medical
Science. 2010;25(2):165-70.

De Sant’Anna GR, Dos Santos EAP, Soares LES, Do
EspHrito Santo AM, Martin AA, Duarte DA, et al.
Dental enamel irradiated with infrared diode laser
and photoabsorbing cream: Part 1-FT-raman study.
Photomedicine and Laser Surgery. 2009;27(3):499-
507.

De Souza-E-Silva CM, Parisotto TM, Steiner-
Oliveira C, Kamiya RU, Rodrigues LKA, Nobre-
Dos-Santos M. Carbon dioxide laser and bonding

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

materials reduce enamel demineralization around
orthodontic brackets. Lasers in Medical Science.
2013;28(1):111-8.

Devados BR, Kailasam V, Padmanabhan §,
Chitharanjan AB. A comparison of the effects
of argon laser and conventional light cure on
demineralization resistance of human enamel.
Biomedicine (India). 2009;29(3):226-30.
DHaz-Monroy JM, Contreras-Bulnes R, Olea-
MejHa OF, GarcHa-Fabila MM, Rodruguez-Vilchis
LE, Sbnchez-Flores 1, et al. Chemical changes
associated with increased acid resistance of
Er:YAG laser irradiated enamel. The Scientific
World Journal. 2014;2014.

Esteves-Oliveira M, Zezell DM, Meister ), Franzen
R, Stanzel S, Lampert F, et al. CO, Laser (10.6 mu
m) Parameters for Caries Prevention in Dental
Enamel. Caries Research. 2009;43(4):261-8.
Fekrazad R, Ebrahimpour L. Evaluation of acquired
acid resistance of enamel surrounding orthodontic
brackets irradiated by laser and fluoride application.
Lasers in Medical Science. 2014;29(6):1793-8.
Fornaini C, Brulat N, Milia G, Rockl A, Rocca JP.
The use of sub-ablative Er:YAG laser irradiation
in prevention of dental caries during orthodontic
treatment. Laser Therapy. 2014;23(3):173-81.
Geraldo-Martins VR, Lepri CP, Palma-Dibb
RG. Influence of Er,Cr:YSGG laser irradiation
on enamel caries prevention. Lasers in Medical
Science. 2013;28(1):33-9.

KaurT, Tripathi T, Rai P, Kanase A. SEM evaluation of
enamel surface changes and enamel microhardness
around orthodontic brackets after application of
CO, laser, Er,Cr:YSGG laser and fluoride varnish:
An in vivo study. Journal of Clinical and Diagnostic
Research. 2017;11(9):ZC59-ZC63.

Kim JW, Chan KH, Fried D. Evaluation of enamel
surface modification using PS-OCT after laser
treatmenttoincrease resistance todemineralization.
Proceedings of SPIE--the International Society for
Optical Engineering. 2016;9692.

Kim JW, Lee R, Chan KH, Jew JM, Fried D. Influence
of a pulsed CO, laser operating at 9.4 mum on
the surface morphology, reflectivity, and acid
resistance of dental enamel below the threshold
for melting. ) Biomed Opt. 2017;22(2):28001.
Kumar P, Goswami M, Dhillon JK, Rehman F,
Thakkar D, Bharti K. Comparative evaluation of
microhardness and morphology of permanent
tooth enamel surface after laser irradiation and
fluoride treatment - An in vitro study. Laser
Therapy. 2016;25(3):201-8.

Liu Y, Hsu CYS, Teo CMJ, Teoh SH. Potential
mechanism for the laser-fluoride effect on enamel
demineralization. Journal of Dental Research.
2013;92(1):71-5.

Liu Y, Hsu CYS, Teo CMJ, Teoh SH. Subablative
Er:YAG laser effect on enamel demineralization.
Caries Research. 2013;47(1):63-8.

Mal ) Med Health Sci 16(SUPP2): 68-74, May 2020 72



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

73

Mahmoudzadeh M, Rezaei-Soufi L, Farhadian N,
Jamalian SF, Akbarzadeh M, Momeni M, et al.
Effect of CO, laser and fluoride varnish application
on microhardness of enamel surface around
orthodontic brackets. Journal of Lasers in Medical
Sciences. 2018;9(1):43-9.

Manuela Dnaz-Monroy ], Contreras-Bulnes R,
Fernando Olea-Mejua O, Emma RodrHguez-
Vilchis L, Sonchez-Flores 1. Morphological changes
produced by acid dissolution in Er: YAG laser
irradiated dental enamel. Microscopy Research
and Technique. 2014;77(6):410-4.

Mathew A, Venugopal Reddy N, Sugumaran DK,
Peter J, Shameer M, Dauravu LM. Acquired acid
resistance of human enamel treated with laser
(ErYAG laser and CO, laser) and acidulated
phosphate fluoride treatment: An in vitro atomic
emission spectrometry analysis. Contemporary
Clinical Dentistry. 2013;4(2):170-5.

Miresmaeili A, Farhadian N, Rezaei-Soufi L,
Saharkhizan M, Veisi M. Effect of carbon dioxide
laser irradiation on enamel surface microhardness
around orthodontic brackets. American Journal
of Orthodontics and Dentofacial Orthopedics.
2014;146(2):161-5.

Miresmaeili A, Khosroshahi ME, Motahary P,
Rezaei-Soufi L, Mahjub H, Dadashi M, et al. Effect
of Argon Laser on Enamel Demineralization around
Orthodontic Brackets: An In Vitro Study. Journal of
Dentistry of Tehran University of Medical Sciences.
2014;11(4):411-7.

Mocuta D, Todea C, Lazea A, Hogea E,
Muntean C. The influence of laser radiation in
decontamination of bacterial plaque in patients
with orthodontic treatment. A microbiological “in
vitro” investigation. Archives of the Balkan Medical
Union. 2016;51(3):352-7.

Moghadam NCZ, Seraj B, Chiniforush N, Ghadimi
S. Effects of Laser and Fluoride on the Prevention of
Enamel Demineralization: An In Vitro Study. Journal
of Lasers in Medical Sciences. 2018;9(3):177-82.
Moslemi M, Fekrazad R, Tadayon N, Ghorbani M,
Torabzadeh H, Shadkar MM. Effects of Er,Cr:YSGG
laser irradiation and fluoride treatment on acid
resistance of the enamel. Pediatric Dentistry.
2009;31(5):409-13.

Nair AS, Krishnakumar R, Philip ST, Ahameed SS,
Punnathara S, Peter J. A comparative analysis of
caries inhibitory effect of remineralizing agents
on human enamel treated with er:Yag laser: An
in-vitro atomic emission spectrometry analysis.
Journal of Clinical and Diagnostic Research.
2016;10(12):ZC10-ZC3.

Nakagaki S, lijima M, Endo K, Saito T, Mizoguchi
I. Effects of CO<inf>2</inf> laser irradiation
combined with fluoride application on the
demineralization, mechanical properties, structure,
and composition of enamel. Dental Materials
Journal. 2015;34(3):287-93.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Nogueira RD, Silva CB, Lepri CP, Palma-Dibb
RG, Geraldo-Martins VR. Evaluation of surface
roughness and bacterial adhesion on tooth enamel
irradiated with high intensity lasers. Brazilian
Dental Journal. 2017;28(1):24-9.

Noureldin A, Quintanilla I, Kontogiorgos E,
Jones D. Enamel-Caries Prevention Using Two
Applications of Fluoride-Laser Sequence. Texas
dental journal. 2016;133(3):184-9.

Nozari A, Rafiee A, DeHgHan Khalili S, Fekrazad
R. A comparative evaluation of APF gel, CPP/ACP
paste alone and in combination with carbon dioxide
laser on human enamel resistance to acid solubility
using atomic absorption spectrometry: An in-vitro
study. Minerva Stomatologica. 2018;67(2):68-73.
Paulos RS, Seino PY, Fukushima KA, Marques
MM, De Almeida FCS, Ramalho KM, et al. Effect of
Nd:YAG and CO, Laser Irradiation on Prevention
of Enamel Demineralization in Orthodontics: In
Vitro Study. Photomedicine and Laser Surgery.
2017;35(5):282-6.

Raghis T, Mahmoud G, Abdullah A, Hamadah
O. Enamel resistance to demineralisation around
orthodontic brackets after CO, laser irradiation: a
randomised clinical trial. Journal of Orthodontics.
2018;45(4):234-42.

Raucci Neto W, Lepri CP, Faraoni Romano JJ,
Fernandes FS, de Castro Raucci LM, Bachmann
L, et al. Chemical and Morphological Changes of
Primary Teeth Irradiated with Nd:YAG Laser: An
Ex Vivo Long-Term Analysis. Photomed Laser Surg.
2015;33(5):266-73.

Rechmann P, Fried D, Le CQ, Nelson G, Rapozo-
Hilo M, Rechmann BMT, et al. Caries inhibition
in vital teeth using 9.6-pm CO 2-laser irradiation.
Journal of Biomedical Optics. 2011;16(7).
Rechmann P, Rechmann BMT, Groves WH, Jr.,
Le CQ, Rapozo-Hilo ML, Kinsel R, et al. Caries
inhibition witha CO, 9.3 pm laser: An in vitro study.
Lasers in Surgery and Medicine. 2016;48(5):546-
54.

Reddy Banda N, Reddy GV, Shashikiran N.
Evaluation of primary tooth enamel surface
morphology and microhardness after Nd: YAG
laser irradiation and APF gel treatment-an in vitro
study. Journal of Clinical Pediatric Dentistry.
2011;35(4):377-82.

RodrHguez-Vilchis LE, Contreras-Bulnes R, Olea-
Mejma OF, Sbnchez-Flores |, Centeno-Pedraza C.
Morphological and structural changes on human
dental enamel after Er:YAG laser irradiation: AFM,
SEM, and EDS evaluation. Photomedicine and
Laser Surgery. 2011;29(7):493-500.
RodrHguez-Vilchis  LE, Contreras-Bulnes R,
Sonchez-Flores |, Samano EC. Acid resistance and
structural changes of human dental enamel treated
with Er:YAG laser. Photomedicine and Laser
Surgery. 2010;28(2):207-11.

Seino PY, Freitas PM, Marques MM, Almeida FCD,

Mal ) Med Health Sci 16(SUPP2): 68-74, May 2020



58.

59.

60.

61.

62.

63.

64.

65.

66.

Botta SB, Moreira M. Influence of CO, (10.6 mu m)
and Nd:YAG laser irradiation on the prevention of
enamel caries around orthodontic brackets. Lasers
in Medical Science. 2015;30(2):611-6.

Shahabi S, Fekrazad R, Johari M, Chiniforoush N,
Rezaei Y. FT-Raman spectroscopic characterization
of enamel surfaces irradiated with Nd:YAG and
Er:-YAG lasers. Journal of Dental Research, Dental
Clinics, Dental Prospects. 2016;10(4):207-12.
Sharma S, Hegde MN, Sadananda V, Mathews
B. Optimal power settings of aluminum gallium
arsenide lasers in caries inhibition - An in
vitro study. Journal of Conservative Dentistry.
2016;19(2):175-8.

Souza-Gabriel A, Colucci V, Turssi CP, Serra MC,
Corona SAM. Microhardness and SEM after CO,
laser irradiation or fluoride treatment in human
and bovine enamel. Microscopy Research and
Technique. 2010;73(11):1030-5.

Souza-Gabriel AE, Turssi CP, Colucci V, Tenuta
LMA, Serra MC, Corona SAM. In situ study of
the anticariogenic potential of fluoride varnish
combined with CO, laser on enamel. Archives of
Oral Biology. 2015;60(6):804-10.

Stangler LP, Romano FL, Shirozaki MU, Galo R,
Afonso AMC, Borsatto MC, et al. Microhardness of
enamel adjacent to orthodontic brackets after CO,
laser irradiation and fluoride application. Brazilian
Dental Journal. 2013;24(5):508-12.
Steiner-Oliveira C, Rodrigues KA, Lima EB, Nobre-
dos-Santos M. Effect of the CO 2 laser combined
with fluoridated products on the inhibition of
enamel demineralization. Journal of Contemporary
Dental Practice. 2008;9(2):113-21.

Subramaniam P, Pandey A. Effect of erbium,
chromium: Yttrium, scandium, gallium, garnet
laser and casein phosphopeptide-amorphous
calcium phosphate on surface micro-hardness
of primary tooth enamel. European Journal of
Dentistry. 2014;8(3):402-6.

Tavares )G, Eduardo CD, Burnett LH, Boff TR, de
Freitas PM. Argon and Nd:YAG Lasers for Caries
Prevention in Enamel. Photomedicine and Laser
Surgery. 2012;30(8):433-7.

Ulkur F, Ekci ES, Nalbantgil D, Sandalli N. In Vitro

67.

68.

69.

70.

71.

72.

73.

74.

Effects of Two Topical Varnish Materials and Er:YAG
Laser Irradiation on Enamel Demineralization
around Orthodontic Brackets. Scientific World
Journal. 2014:7.

Vieira KA, Steiner-Oliveira C, Soares LES, Rodrigues
LKA, Nobre-dos-Santos M. In vitro evaluation of
enamel demineralization after several overlapping
CO, laser applications. Lasers in Medical Science.
2015;30(2):901-7.

Wen X, Zhang L, Liu R, Deng M, Wang Y, Liu L, et
al. Effects of pulsed Nd:YAG laser on tensile bond
strength and caries resistance of human enamel.
Operative Dentistry. 2014;39(3):273-82.

Yassaei S, Shahraki N, Aghili H, Davari A.
Combined effects of Er: YAG laser and casein
phosphopeptideamorphous  calcium  phosphate
on the inhibition of enamel demineralization:
An in vitro study. Dental Research Journal.
2014;11(2):193-8.

Zadeh Moghadam NC, Seraj B, Chiniforush N,
Ghadimi S. Effects of laser and fluoride on the
prevention of enamel demineralization: An in
vitro study. Journal of Lasers in Medical Sciences.
2018;9(3):177-82.
Zamudio-Ortega CM, Contreras-BulnesR, Scougall-
Vilchis R], Morales-Luckie RA, Olea-MejHa OF,
Rodrnguez-Vilchis LE, et al. Morphological and
chemical changes of deciduous enamel produced
by Er:YAG laser, fluoride, and combined treatment.
Photomedicine and Laser Surgery. 2014;32(5):252-
9.

Zezell DM, Boari HGD, Ana PA, Eduardo CDP,
Powell GL. Nd:YAG laser in caries prevention:
A clinical trial. Lasers in Surgery and Medicine.
2009;41(1):31-5.

Ziglo MJ, Nelson AE, Heo G, Major PW.
Argon laser induced changes to the carbonate
content of enamel. Applied Surface Science.
2009;255(15):6790-4.

Ramalho KM, Hsu S, de Freitas PM, Aranha
ACC, Esteves-Olieviera M, Rocha RG, et al.
Erbium Lasers for the Prevention of Enamel and
Dentin Demineralization: A Literature Review.
Photomedicine and Laser Surgery. 2015;33(6).

Mal ) Med Health Sci 16(SUPP2): 68-74, May 2020 74



