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INTRODUCTION

Laser is the acronym for “Light Amplification by Stimulated Emission of Radiation” that dates back to approximately 50 years ago.
In 1960, the first functioning laser was built by the American physicist Maiman at the Hughes Research Laboratories by using a
synthetic ruby crystal made of aluminum oxide and chromium oxide.[1]

In general, lasers are composed of the three principal parts: An energy source, an active medium and a set of two or more mirrors
that form a resonator. Properties such as wavelength are determined primarily by the active medium, which can be a gas, crystal or
solid-state conductor. [2]

Laser light is produced as a result of the stimulation of the active medium with an external agent such as a flash lamp strobe device,
an electrical current or an electrical coil. A laser beam has several physical characteristics that distinguish it from a typical white
light source, including collimation, coherence [phase correlation] and monochromaticity [single wavelength]. [1]

For dental laser systems, the light is typically delivered to the target tissue through an optical fiber cable, a hollow waveguide or an
articulated arm. [3]

Lasers used in dental practice vary between wavelengths of 488 nm and 10,600 nm. Dental lasers can be further classified in terms
of the following characteristics: [4]

» Emission type: Spontaneous emission or stimulated emission

* Output power: High-powered, mid-powered or low-powered

* Active medium: Liquid, gas or solid state

* Target tissue: Hard or soft-tissue

* Potential biological damage: Class I, Class II, Class IIT or Class 1V.

The primary lasers used in dentistry today are the argon, carbon dioxide [CO2], diode, neodymium-doped yttrium aluminum garnet
[Nd: YAG] and the erbium lasers, erbium-doped yttrium aluminum garnet [Er: YAG] and erbium, chromium:
yttrium-scandium-gallium-garnet [Er, Cr: YSGG], all of which are named for their active medium content and state of suspension.
[4]

During a dental treatment, the effects of the laser on target tissues will depend on the wavelength, power output, exposure duration
and the amount of energy delivered to the tissue.[5]

Most common dental procedures, including the removal of maxiller or lingual midline frenectomies, crown lengthening, composite
curing, control of hemorrhage disorders, caries detection and removal, reduction of pain and treatments of hypersensitivity,
gingivectomy, gingivoplasty, soft-tissue lesions and aphthous ulcers can all be effectively performed using dental lasers.[6]

Lasers cut by thermal ablation—decomposition of tissue through an instantaneous process of absorption, melting, and
vaporization.[7] Essentially, the cells of the target tissue absorb the concentrated light energy, rapidly rise in temperature, and
produce a micro-explosion known as spallation.[7] Thermal ablation depends on the amount of light energy absorbed.[8] The degree
of absorption is determined by the wavelength [A, measured in nanometers [nm]] of the laser, the electrical power of the surgical
unit [measured in watts [W1]], the time of exposure, and the composition of the tissues.[7,8,9]

DENTAL LASERS

Argon Laser

The argon laser, the active medium of which is argon gas, produces light at two wavelengths. The 488 nm blue light is commonly
used to initiate the polymerization of restorative composite materials. The 514 nm blue-green light has maximum absorbance in
tissues that are composed of pigmented molecules such as hemosiderin and melanin. Both wavelengths of the argon laser are poorly
absorbed by non-pigmented and hard tissues. [3] This laser is often used for hemorrhage control in gingival surgery, as well as for
detecting cracks and decay on the surface of teeth by using the transillumination technique. [7]

CO2 Laser

The active medium of this laser is CO2 gas. It produces light at ~ 10,600 nm, which is invisible to the eye. This wavelength has a
very high absorbance in water and the highest absorbance in hydroxyapatite as compared with other dental laser systems.[3] The
CO2 laser has some advantages, including rapid soft-tissue removal, perfect hemostasis and shallow depth of penetration, which is
why it is commonly used for soft-tissue surgery. However, when using a CO2 laser, the tooth structure surrounding the soft-tissue
surgery site should be carefully protected. These lasers are not suitable for hard tissue applications. [5]

Erbium Lasers
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Today, erbium lasers are the most commonly used for dental applications. Types of erbium lasers used in dentistry include the
Er:YAG and Er, Cr:YSGG.[2,7] The Er:YAG laser [2,940 nm] has YAG as its active medium, while the Er, Cr:YSGG [2,790 nm]
has solid yttrium, scandium and garnet.[3] Both wavelengths exhibit high hydroxyapatite absorbance and the highest water
absorbance of any dental laser. Because bone and tooth both contain great amounts of hydroxyapatite and water, erbium lasers can
be successfully used in hard tissue removal. For such applications while the water in the tooth evaporates, the surrounding
soft-tissues can be removed with a minimal thermal effect on the pulp.[10]

Nd:YAG Laser

The first laser system designed for dentistry used a Nd:YAG, which has a crystal of YAG doped with neodymium as its active
medium.[11] Its wavelength, 1,064 nm, has higher water and pigmented tissue absorption than the wavelength of CO2 and Er: YAG
lasers does. The Nd:YAG results in long-term hemostasis because of the thick coagulation layer. In addition to surgical applications,
it has been used for soft-tissue removal [12] and researchers have also explored its use for non-surgical sulcular debridement.
Because Nd: YAG light is only absorbed by dental hard tissue, it can safely be used to perform soft-tissue surgery adjacent to the
teeth.

Diode Lasers

Diode lasers use a semiconductor as the source for emission. Gallium aluminum arsenide [GaAlAs] and helium-neon [He-Ne] are
two examples of semiconductor lasers. The active medium of the GaAlAs is solid, consisting of Ga, Ar and Al. Diode lasers used
in dentistry vary between approximately 800 nm and 980 nm. Although light in this range is highly absorbed by pigmented tissues
and has a great penetration depth in soft-tissues, it is poorly absorbed by dental hard tissues and water.[3] It is not as effective as
the argon laser for hemostasis. Because light emitted from diode lasers is poorly absorbed by dental hard tissues, these lasers can
be safely used for soft-tissue surgery applications, including gingival recontouring, crown lengthening, removal of hypertrophic
tissue and frenectomies close to the enamel, dentine and cement. [2]

Materials and Methods

Study Population

A cross-sectional survey was conducted to obtain responses from dental practitioners around Chennai, Tamil Nadu, India, during
the 2nd week of June 2020. A total of 300 responses were obtained.

Questionnaire

The questionnaire consisting of 25 questions was designed using an online survey instrument [Google Forms] and was shared on
various social media platforms. A self-structured questionnaire was formulated to assess the level of knowledge of orthodontic
postgraduates in the varied use of lasers in orthodontics. The questions consisted of those that tested the knowledge and awareness
of the uses of lasers, the safety precautions and their sterilization.

It was distributed online to orthodontic postgraduates to be filled and submitted. This research was carried out in the Department
Of Orthodontics, Thai Moogambigai Dental College, Chennai.

Statistical Analysis

Data was entered in Microsoft excel and later imported to SPSS IBM software tool [version 19, IBM Chicago] for statistical analysis.

Results

Of the 300 dental practitioners, 174 [58%] were female and 126 [42%] were male. Their age ranged from 23 years to 53 years, with
a mean of 32.4 [SD - 15] years.

Regarding the awareness of different types of lasers employed in dentistry and orthodontics

A significant number i.e. 95% [n = 285] were aware of the different types of lasers employed. {Chart 1}

Awareness that lasers can be used on dental soft and hard tissues

To this, a good humber 99% [n = 297] of orthodontic PGs were aware of the varied uses. {Chart 1}

Most important factors determining the tissue response to laser

To this question, 47% [n = 141] chose penetration depth and power output while 46% [n = 138] chose the correct answer i.e. Laser
wave length and energy density. {Chart 4}

Awareness about Low Level Laser Therapy [LLLT]

Majority of the respondents, 99% [n = 297] had awareness about LLLT. {Chart 1}

About how LLLT works

To this, only 19% [n = 57] chose the wrong answer of hemostasis. {Chart 5}

LLLT causes RANKL increase in periodontal ligament and it can increase the rate of tooth movement during orthodontic
treatment

To this, 91% [n = 273] were aware that LLLT causes RANKL and rate of orthodontic tooth movement increase. {Chart 2}
Regarding effect of LLLT on bone regeneration

78% [n = 234] were aware that LLLT accelerates bone regeneration. {Chart 6}

About LLLT having positive effects on wound healing

To this question, 89% [n = 267] agreed to the correct statement. {Chart 2}

Whether Laser etching is a viable alternative to conventional etching
To this, 32% [n = 96] disagreed with this statement. {Chart 1}
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Lasers debonding of ceramic brackets

Enamel damage during the removal
of ceramic brackets

Alternative to conventional etching = Yes

Awareness about Low Level Laser H No
Therapy (LLLT)

Used on dental soft and hard tissues

Different types of lasers employed in
dentistry and orthodontics

Chart 1: Responses to questions with yes or no answers

Effect of Laser etching on enamel

Regarding this, 39% [n = 117] believed laser etching caused dissolution of enamel, while only 18% [n = 54] and 50% [n = 150]
chose the right answer of melting and recrystallization. {Chart 7}

Laser etching produces an acid-resistant surface

To this, 67% [n = 201] agreed with the right statement. {Chart 2}

On whether Argon laser prevented enamel decalcification

A significant number of the respondents, 77% [n = 231] agreed with the right statement. {Chart 2}

Monocrystalline brackets debonds...
Debonding does not induce pulpal...
Laser softens adhesive resin
= TRUE
Argon laser can be used to prevent... B FALSE
Acid-resistant surface.

Positive effects on wound healing

LLLT increases the rate of...

Chart 2: Questions regarding laser debonding, enamel decalcification, effects of laser on hard tissue.
Awareness that ceramic bracket debonding causes fractures and cracks in the enamel

To this, 98% [n = 294] of the respondents said they were aware of the statement. {Chart 1}

Lasers can be used for debonding ceramic brackets

To this, 81% [n = 243] respondents agreed that lasers could be used for debonding. {Chart 1}

Laser works by softening the adhesive resin allowing for easier debonding

To this, 93% [n = 279] agreed with the correct statement. {Chart 2}
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Lasers can only be steam-sterilized. | 42

Treatment of aphthous ulcers | 73 TRUE

Seals the incision during the procedure | 89 W FALSE

Uncovers soft tissue covering teeth | 91

Protective gear not required |16

Anesthesia not required during soft

. 53
tissue laser procedure

Chart 3: Questions regarding soft tissue uses of laser and laser safety.

Debonding with lasers does not induce pulpal damage

To this, 51% [n = 153] agreed with the false statement, as lasers have been found to induce slight pulpal damage. {Chart 2}
On whether monocrystalline brackets require lower laser energy for debonding than polycrystalline brackets

72% [n = 216] agreed with the right statement. {Chart 2}

Anesthesia is not required during a soft tissue laser procedure

To this, 53% disagreed with the false statement. {Chart 3}

Whether soft tissue laser can be used in the orthodontic office to uncover the crown of a partially erupted tooth and remove
operculum of second molars

To this, majority 91% [n = 273] agreed that soft tissue laser can be used in the orthodontic office. {Chart 3}

Laser seals the incision during the procedure; hence brackets and bands can be placed on the same day

Regarding this, 89% [n = 267] agreed with the correct statement. {Chart 3}

Lasers can be used in the treatment of aphthous ulcers

To this question, 27% [n = 81] of the respondents were not aware that lasers can be used on aphthous ulcers. {Chart 3}

Not necessary to wear protective gear during laser procedure

To this, 84% [n = 252] disagreed with the false statement. {Chart 3}

Lasers can only be steam-sterilized

Regarding this, 58% [n = 174] disagreed with the right statement. {Chart 3}

Q5. Factors determining the tissue
response to laser

0,
5% 2% B Laser wave length and
‘ energy density
M Penetration depth and

power output

Power density and light
intensity

Chart 4: Responses for Q5.

Q7. Mode of action of LLLT

W Reducing orthodontic
pain

O Hemostasis

M Accelerating
12% orthodontic tooth

Chart 5: Responses for Q7.
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Q9. Effect of LLLT on bone
regeneration

11%

W Accelerates
M Decelerates

Does not affect

Chart 6: Responses for Q9.

Q12. Effect of laser etching on enamel

Melting
M Dissolution
B Evaporation

B Recrystallization

11%

Chart 7: Responses for Q12.

Discussion

In orthodontic practice, lasers have numerous widespread purposes, including acceleration of tooth movement, bone remodeling,
enamel etching prior to bonding, debonding of ceramic brackets and pain reduction after orthodontic force and inhibition of enamel
demineralization. Soft-tissue applications such as frenectomies, gingival contouring and crown lengthening can also be
accomplished using the dental lasers.

Reducing pain during orthodontic force application

It is well-known that following the appliance of orthodontic appliances, the patient feels pain or discomfort for 2-4 days. Low-level
laser therapy [LLLT], during which the energy output is satisfactorily minimal to thwart a temperature rise above 36.5°C [normal
body temperature] within the target tissue,[13] are often used as a fitting analgesic therapy for orthodontic patients.[14-21] this sort
of therapy also has non-thermal and biostimulatory effects. Although the precise mechanism fundamental to the analgesic effect of
LLLT isn't completely known, laser irradiation has neuropharmacological effects on the synthesis, release and metabolism of
serotonin and acetylcholine within the central level, also as histamine and prostaglandin within the peripheral level. [22] Local CO2
laser therapy has been found effective in reducing the pain related to orthodontic force applications. [23]

In this study, 60% [n = 180] were aware that LLLT reduced the extent of pain felt after the initial bonding appointment.
Tortamano et al. [19] concluded that LLLT effectively controls pain caused by the appliance of the primary archwire, but it doesn't
affect the beginning of pain after the primary archwire is placed and doesn't alter the foremost painful day.

In conclusion, induction of laser analgesia may be a new treatment modality that has the benefits of being non-invasive, being easy
to use and having no known adverse tissue reactions.

Effects On Tooth Movement

There are several studies concerned with the bio-stimulatory effects of LLLT. [22, 24] In 2004, Cruz et al. [25] investigated

for the first time the consequences of LLLT on humans. For the 11 patients in the study, half the upper arch served as a

control group, receiving mechanical activation of the canine teeth every 30 days. the other half received an equivalent mechanical
activation, but was also irradiated with a diode laser. The results of the study showed significantly greater acceleration of canine
retraction on the side treated with LLLT compared with the control.

In the current study, 80% of the respondents [n = 240] comprehended that LLLT increases the speed of orthodontic tooth
movement. Similarly, Youssef et al. [20] investigated the consequences of LLLT on canine distalization rate. They irradiated with
a Ga-Al-As diode laser [809 nm, 100 mW] on the 1st, 3rd, 7th and 14th days and reported that LLTH was effective at accelerating
the tooth movement rate. Furthermore, Fujita et al. [26] concluded that LLLT stimulates tooth movement through induction of the
receptor activator of the nuclear factor-kappa B [RANK] and RANKL. In their study, the amount of cells that showed positive
immunoreactions to the primary antibodies of RANKL and RANK was significantly increased within the irradiation group on
days 2 and 3 compared with the non-irradiation group.

Contrary to those studies, the study by Limpanichkul et al. [27] showed that Ga-Al-As [25 J/cm2] LLLT doesn't have any effect
on the speed of orthodontic tooth movement. Although there has been no consensus on a correct application dose for exciting and
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accelerating tooth movement, researchers advocate that LLLT for this purpose used laser energies varying from 2 to 54 J. [20, 24,
28-30]

Effects On Bone Regeneration

A number of studies within the literature have shown that LLLT increases fibroblast proliferation and therefore the quantity of
osteoid tissue. [31-33] Laser irradiation may play two principal roles in inducing bone formation.

The first is stimulation of cellular proliferation, especially nodule-forming cells of osteoblast lineage. The second is stimulation of
cellular differentiation, especially to committed precursors, leading to a rise in the number of differentiated osteoblastic cells

and an increase in bone formation.[33]

Saito and Shimizu reported that a GaAlAs diode laser [100 mW] can accelerate bone regeneration in a midpalatal suture during
rapid palatal expansion. They advocate that LLLT inhibits relapse and reduces the retention period by accelerating bone
regeneration within the midpalatal suture. [31]

Angeletti et al. evaluate the consequences of a GaAlAs laser [830 nm, 100 mW] on bone regeneration within the midpalatal
anterior suture after surgically assisted rapid maxillary expansion in vivo . [30] consistent with their study, bone regeneration are
often accelerated during the first stages of laser therapy. These results are important for orthodontic practice. However, it

is important to recollect that the result of LLLT on bone regeneration after midpalatal suture expansion depends on total laser
dose, the frequency of irradiation and therefore the application timing.

In vivo studies have shown that LLLT has positive effects on wound healing through acceleration of bone regeneration and
stimulation of trabecular osteoid tissue formation and 78% of the respondents in this study acknowledged that LLLT accelerates
bone regeneration and osteoid formation.

Enamel Etching During Bonding Procedures

Physical changes like melting and recrystallization occur in enamel after laser irradiation, causing the formation of various pores
and bubble-like inclusions. [34-36] This process is analogous to the sort I11 pattern produced by phosphoric acid. [37]

Due to this, laser irradiation may be a feasible method to etch enamel surfaces as an alternate to traditional acid etching.
Furthermore, laser etching of enamel and dentin are reported to generate a fractured, uneven surface and open dentin tubules,
which is right for adhesion. [38]

Laser etching produces an acid-resistant surface. Laser radiation of dental hard tissues modifies the calcium-to-phosphorus ratio,
reduces the carbonate-to-phosphate ratio, reduces water and organic component content and results in the formation of more
stable, less acid-soluble compounds [thus reducing susceptibility to acid attack and caries]. [39]

Regarding this, majority of the study participants agreed that laser etching may be a viable alternative to acid etching which it
produces an acid-resistant surface. However, a big percentage [39%] believed that laser etching caused dissolution of enamel, which
is detrimental as compared to the melting and recrystallization that essentially occurs.

Enamel Decalcification Reduction

Today, orthophosphoric acid etching appears to be the most effective method for preparing the enamel for the bonding of orthodontic
attachments. After bonding, the enamel becomes more susceptible to carries thanks to increased plaque accumulation around
the attachments. This often results in decalcification of the enamel or formation of white lesions and presents a serious problem for
orthodontic patients. [40] it has been reported that the laser-irradiated enamel becomes acid resistant.[41] variety of studies showed
that an argon laser can be used to prevent enamel decalcification by altering its crystalline structure.[40,42-44]
Blankenau et al.[42] investigated the effectiveness of argon laser irradiation to scale back demineralization and loss of tooth
structure in vivo . The experimental teeth during this study were irradiated with a 250 mW argon laser at ~ 12 J/cm2 before banding
and exhibited a 29% decrease in  demineralization compared with the bilateral control teeth.
Anderson et al. [40] also studied the in vivo effects of argon laser irradiation on enamel decalcification during treatment. In their
study, nine volunteers underwent four first premolar extractions; these volunteers were then grouped by the following treatments:
Non-pumiced, non-etched enamel; pumiced enamel and pumiced-etched enamel. The experimental groups received irradiation with
an energy density of 100 J/cm2 for 60 s. The authors concluded that argon laser irradiation is effective in reducing enamel
decalcification during treatment and pumicing and etching before laser treatment doesn't reduce this effect.
As it has been shown that laser etching makes enamel more resilient; it is achieved with argon lasers which 77% of the partakers in
this study were aware of.

Ceramic Brackets Debonding

Clinicians often encounter fractures and cracks within the enamel and brackets during the removal of ceramic brackets. With the
appliance of laser irradiation, the adhesive resin are often softened, allowing light force to be applied during debonding. An Nd:YAG
laser applying at 2 J or more is effective during the removal of monocrystalline and polycrystalline ceramic brackets, although it
significantly decreases the bond strength to a greater extent for the polycrystalline ceramic brackets than for monocrystalline
brackets. [45]
Feldon et al. [46] used a diode laser to irradiate monocrystalline and polycrystalline ceramic brackets for 3 s at 2 and 5 W/cm2,
after they assessed shear bond strength and thermal effects on the pulp chamber. The authors observed that the laser treatment failed
to decrease the debonding force required for the polycrystalline ceramic brackets, but did significantly decrease the debonding force
for the monocrystalline brackets. The treatment did not increase the pulp chamber temperature. [46]
Strobl et al. [47] successfully debonded single crystal alumina [sapphire] and polycrystalline alumina orthodontic brackets with
both Nd: YAG [1,060 nm] and CO2 [10.6 um] lasers. They concluded that the debonding mechanism was thermal softening of the
resin adhesive because of laser-induced heating of the labial surface of the bracket, wherein the heat was transmitted through the
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bracket to the resin. [47]
Majority of the participants were aware that enamel gets damaged during debonding which laser debonding of ceramic brackets
aids by permitting lower debonding force application.

Effects On The Pulp

When laser radiation is applied to a ceramic bracket, energy is absorbed and converted into heat. This heat is then free

to propagate by conduction to the base of the bracket to soften the adhesive. [47] There is also the potential for this heat to
propagate to the tooth structure and eventually cause pulp damage.

Ma et al [48] showed that debonding with 1.48 MPa of tensile load employing a CO2 laser at 18 W for two seconds was
successful in debonding 8 of 10 times and led to an intrapulpal temperature increase of 1.1°C [_+ 0.81°C].

As previously described, debonding with a super-pulse CO2 laser occurs at 2 W for fewer than 4 seconds [2.9 _ 0.9]. As a result,
the dental pulp showed a rise in temperature of 1.4°C. [49] This increase was below the temperature threshold required to cause
pulpal damage. [50-54] a rise of 2.1°C of the dental pulp was evident at 3 W. However, there was no difference in shear bond
strength when using 2 W instead of 3 W. Still, both temperatures were considered to be within the suitable physiological limit.
[49] Obata et al concluded that there is no risk of pulp damage when a super pulse CO2 laser is employed appropriately. [49]
Ben-Baruch et al [55] and Ho et al [56] reported that the super CO2 laser allowed for short laser pulses of microseconds,
allowing a while for the tissue to cool down and decreasing damage to the pulp. Furthermore, super CO2 lasers might induce
vibration within the adhesion material, thus decreasing power output and minimizing the increase of temperature. [49] as
compared , normal-pulse CO2 lasers are more likely to cause thermal necrosis and charring due to continuous waves with
millisecond-duration pulses. [49]

In this study, as much as 49% believed that laser debonding causes damage to pulp ; when actually laser debonding using pulses
of lasers allows sufficient time for cooling of the pulp thereby reducing the chance of pulpal damage.

Anesthesia In A Soft Tissue Laser Procedure

Soft-tissue lasers equally coagulate and produce a mild anesthetic effect during excision; as such, topical anesthetic are

often utilized in place of local infiltration. The topical anesthetic should be highly viscous, comprise several active anesthetic
agents to supply a good spectrum of anesthetic action and contain a vaso-constrictive agent. [57] A topical mixture of lidocaine
20%, phenylephrine 2%, and tetracaine 4% is advocated. [ie, TAC 20% Alternate, Professional Arts Pharmacy, Baltimore, Md].
These topicals are contraindicated in elderly patients, patients with hypersensitivity to ester- and amide-type local anesthetics,
para-aminobenzoic acid allergies, severe hypertension, hyperthyroidism, or cardiopathy. [58] So far , compound topical
anesthetics, like TAC 20% Alternate, are neither FDA regulated nor unregulated drug products.

In the current study, 47% believed that laser procedures were painless and did not require anesthesia of any kind; whereas

only topical anaesthesia is required rather than local infiltration.

Soft-Tissue Applications Related To Orthodontic Treatment

Dental lasers deliver ease and precision during soft-tissue incision. They cause negligible tissue damage, bestow hemorrhage control
and can also diminish post-operative pain. Soft-tissue applications related to orthodontic treatment include gingival re-contouring,
exposure of un-erupted and partially erupted teeth, removal of hypertrophic and inflamed tissues, frenectomies, miscellaneous tissue
and treatment of aphthous lesions.[59] Additionally, soft-tissue lasers are used for aesthetic contouring of the gingiva within the
smile framework, establishing tooth proportionally prior to bracket placement, crown lengthening, treatment crown height
asymmetry or contouring of gingival and interdental margins.[60]

Nd:YAG lasers are predominantly used for soft-tissue applications such as frenectomies, papillectomies and gingival incision.

Treatment Of Aphthous Ulcers

One of the most uncomfortable experiences for orthodontic patients is the formation of aphthous ulcers. In the past, salt water rinses,
various anesthetic and palliative mouth rinses and in particularly persistent and painful lesions, a prescription rinse of tetracycline
and topical anesthetic have been prescribed. Some of these solutions help to differing degrees, but often they only make the situation
bearable.

The diode laser offers a conceivable solution. The advocated technique involves using the laser on a very low-wattage setting, out
of contact with the lesion [a distance of 1-2 mm], visualizing a spot large enough to cover the entire lesion. The laser is activated
for 30 seconds, and in experience, the patient reports an immediate elimination of pain. The aphthous ulcer will generally heal and
disappear approximately 1 day after laser treatment, compared with 10 to 14 days for an untreated lesion to heal. [61]

It has been shown that lasers help in the faster healing of aphthous ulcer; in accordance 73% of the participants in this study were
aware of it.

Laser Safety And Harmful Effects Of Lasers

According to the standards of American National Standards Institute and Occupational Safety and Health Administration, lasers are
classified into four different classes based on potential danger, as follows: [62]

Class I: These are low-powered lasers that are safe to view

Class Il a: These are low-powered visible lasers. They do not cause damage unless one looks directly along the beam for longer
than 1,000 s

Class II: These are low-powered visible lasers. They are dangerous when viewed along the beam for longer than 0.25 s

Class 111 a: These are medium-powered lasers that are not dangerous when viewed for less than 0.25 s
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Class 111 b: These are medium-powered lasers that are dangerous when viewed directly along the beam for any length of time
Class IV: These are dangerous high-powered lasers that can cause damage to the skin and eyes. Even the reflected or radiated beams
are dangerous. It is necessary to take appropriate safety measures. Most of the lasers used for medical and dental purposes are in
this category.

In addition, the inhalation of laser deposits consisting of organic materials, water vapor, carbon monoxide, carbon dioxide and
hydrocarbon gas can be dangerous.

It is known that lasers operating at wavelengths below 400 nm [although not typically used in dentistry] have a detrimental effect
to the skin. Lasers operating at non-visible wavelengths [ultraviolet and infrared] and reflection of laser light from various surfaces
can also increase potential danger. Because the biggest risk is for the eyes, protective glasses must be worn by the patient and the
practitioner during laser therapy. [63]

Eve Protection
Awareness of the first type of eye protection can be traced back to 1962: with the development of the ruby laser, it was realized that

lasers presented unique, specific hazards to the human eye. Lasers produce an intense, highly directional beam of light that is
absorbed to some degree if directed, reflected, or focused on an object.

The eye is a critical target for laser injuries. The dentist, assistant, patient, and others who are inside the nominal hazard zone are at
risk from the direct and reflected radiation of class I11 and class 1V lasers [64].

Generally, protective glasses must have an optical density [OD] of at least 4 for the particular laser emission and device [65]. Eye
protection manufacturers, however, must comply with the standards of the regulatory agencies when calculating the exact OD that
provides the correct amount of attenuation for protection of the specific wavelength in question. Laser safety glasses must protect
the eye structures from the specific wavelength in use, and the information about lens protection must be imprinted on the frames
of the glasses or goggles [Fig. 2]. The actual color of the lenses themselves is not a reliable indicator of wavelength protection or
OD requirement.

All glasses, however, must have side shields to protect the eyes from reflective laser energy. Regardless of the eye protection, a
practitioner never should look directly at the laser beam. Activating the laser beam at times other than the test fire or toward the
intended target tissue is unsafe and poses real direct or reflective beam hazards. [66]

Majority [84%] had awareness of the need for protective gear and eyewear during a laser procedure.

Sterilization And Infection Control

Steam sterilization is the standard of care [17]. The small flexible optic fibers, hand-pieces, or tips must be steam sterilized in
separate sterilization pouches after each use. They should be kept in the sterilization pouch until ready for use. It is essential that
when using fiber-optically delivered lasers, the port [connecting] end remains clean and oil-free. Therefore, never run the fiber in a
sterilizer cycle alongside a high-speed turbine with lubricant. If an instrument was used to cleave or re-cleave a fiber during or after
a procedure, then it also must be steam sterilized.

The protective housing around the laser, including the control panel and articulating arm [if applicable] should receive the spray
disinfectant/wipe/ spray disinfectant decontamination method, as do the dental cart and counter tops. Some delivery system
components such as the large-diameter erbium fiber-optic cable are not designed for steam sterilization and must be disinfected in
this way. [66]

In the current study, 58% were not aware of the fact that lasers can only be steam sterilized and this poses a risk of damage to the
apparatus if the knowledge is implemented clinically.

Conclusion

Almost 99% were aware of LLLT. About 81% knew lasers can be used for debonding. About 47% had knowledge that anesthesia
is required during a soft tissue laser procedure. About 84% understood the importance of wearing protective gear during a laser
procedure. As such, sufficient knowledge was there regarding the theory aspects of laser and its applications in orthodontics. Further
studies need to be taken on the practical aspects to ascertain the level of clinical ease of application.
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