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ABSTRACT

Laser systems have been used in the practice of dentistry for >35 years. Laser systems have so many advantages, such as increase
patient cooperation, reduce the duration of treatment time, and help the orthodontists to enhance the design of a patient’s smile to
improve treatment efficacy, and the success of orthodontic treatments can also be improved by diminishing the orthodontic pain and
the discomfort of the patients. Laser systems also have some disadvantages, such as cost, large space requirements for some types,
and high-risk potential for physician and patient if not used at the appropriate wavelength and power density, that is why before
incorporating lasers into clinical practice, the physician must fully understand the basic science, safety protocol, and risks associated
with them. Lasers have many applications in orthodontics, including accelerating tooth movement, bonding and debonding pro-
cesses, pain reduction, bone regeneration, etching procedures, increase mini-implant stability, soft tissue procedures (gingivectomy,
frenectomy, operculectomy, papilla flattening, uncovering temporary anchorage devices, ablation of aphthous ulcerations, and ex-
posure of impacted teeth), fiberotomy, scanning systems, and welding procedures. In reviewing the literature on the use of laser in
orthodontics, many studies have been conducted. The purpose of the present study was to give information about the use of laser in
the field of orthodontics, the effects of laser during the postoperative period, and its advantages and disadvantages and to provide
general information about the requirements to be considered during the use of laser.
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INTRODUCTION

Laser (light amplification by stimulated emission of radiation) is a term involving the concepts of light that is
amplified by stimulated emission. Laser system basically consists of three components, such as the laser medium
(gain medium), the pump source, and the optical cavity or optical resonator. The laser medium is the active ele-
ment, and the medium determines the wavelength of the laser. The pump source stimulates the laser medium
until the light energy is emitted. The optical cavity is a compartment of mirrors that contain the laser medium. The
laser optical resonator amplifies the light energy that is released from the gain medium as reflected by the mirrors
(fully glazed on one side and partly glazed on the opposite side of the media) back onto itself, where it may be
amplified by stimulated emission before exciting the cavity (1). The generated beam of light is the laser beam.

Laser Beam Characteristics
Laser light differs from normal light with some features. These are the following:

«  Laser light is monochromatic, meaning of one color and one wavelength.

«  Laserlight waves all travel in the same direction, without diffusion (collimated). It is possible to reach distant
areas that are difficult to reach with other tools according to the feature of laser beam that travels as a single
line without diffusion.

«  Same phased photons that generate the light (coherent); laser light has the potential of constructive, as well as
descriptive, interference as in radio waves and sound waves. Light wave consists of the spread out of photons
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with different amplitudes, wavelengths, and frequencies (in-
coherent feature) according to the theory of electromagnetic
wave. Laser is a light wave with the same amplitude, frequen-
cy (single frequency-single color), and temporal distribution.
These point out the coherent features of laser (2).

The history of laser dates back to 1996. Laser has become the
agenda with Albert Einstein’s theory of propagation of light
and the concept of stimulated emission in 1946, is developed
with the first indication of induced radiation by W.E. Rutherford
in 1947, and the discovery of the MASER system that the only
difference from laser is invisible by Charles H. Townes in 1951
and Theodore Maiman realized the first working laser based on
ruby crystal (Hughes Research Laboratory) (1). The use of lasers
in the medical field occurs in the 1970s. After the beginning of
oral surgeons using carbon dioxide (CO,) laser on soft tissue in
the 1980s and specifically the production of the first laser to be
used in dentistry, many innovations and developments have
been followed up until now. The Food and Drug Administration
approved the use of erbium laser on hard tissue in 1997 and the
use of the first diode laser on soft tissue after 1 year (3).

Classification of Lasers

As there are many types of lasers used in dentistry and the med-
ical field, it is usual to classify laser devices according to their ac-
tive material. Lasers are classified into four types based on the
type of laser medium used as follows:

- semiconductor lasers (diode laser)
« gaslasers

«  solid-state lasers

. fiber lasers (4).

The clinical use of low-level laser therapy (LLLT) in different ac-
tive environments is realized by different wavelengths measured
as nanometers (nm). The frequently used types of low-level la-
sers and wavelengths are as follows:

«  He-Ne:633 nm

+  InGaAlP: 633-700 nm

+  GaAlAs (gallium-aluminum-arsenide): 780-890 nm
« GaAs: 940 nm.

In LLLT applications, there are too many factors that determine
the impact of the laser beam onto the tissue. One of them is the
range of the level and the duration of the effect of the used laser.
Lasers with different wavelengths and levels of range have vari-
ous effects on the tissues (Table 1).

Laser-Tissue Interaction
The three main effects of lasers on the tissues are as follows:

1. photothermal effects: ablation of tissues with vaporization

2. photochemical effect: the biostimulation effect created by
increasing the production of ATP

3. photoacoustic effect: dehydration, burning, and carboniza-
tion effects (5).

The factors that determine the effect of the laser beam on the
tissues are the following:

a) the biological properties of the tissue (absorption power,
blood circulation, minerals and water content, and tissue
density)

b) the characteristics of the laser (wavelength, energy density,
exposure time, continuous or pulsed, maximum pulse en-
ergy, with or without contact (contact or non-contact), and
the average of pulse repetition (6).

Laser beam leads to chemical changes or thermal effects on the
tissues. We can classify these thermal effects as warming (37°-
60°), coagulation (60°-90°), protein denaturation (90°-100°),
vaporization (100°), tissue carbonization (125°-150°), and fast
cutting (>125°). These effects on the tissue depend on the low or
high level of the laser (7).

USE OF LASER IN ORTHODONTICS

The orthodontic treatment process is a long and challenging
process for both the patient and the physician. Too many com-
plications may occur in the dentoalveolar complex proportion-
ally with the prolonged treatment duration. Laser systems are
used in many fields of orthodontics practice to prevent or reduce
these types of complications.

Effects of Laser Systems on Orthodontic Tooth Movement

Many studies have been conducted to accelerate the orthodon-
tic tooth movement. Guram et al. (8) applied low-level GaAlAs
diode laser (810 nm, 5 J/cm?) on 20 simple Class | bimaxillary pro-
trusion patients to investigate orthodontic tooth movement du-
ration and pain perception. According to the result of the study,
there was a statistically significant decrease in the rate of canine
retraction in the laser group compared with the control group,
and pain experience was also statistically significant for the first
2 days of orthodontic treatment. As a result, it was underlined
that the laser therapy is a useful procedure on orthodontic tooth
movement and LLLT can reduce the fixed orthodontic treatment
timing. In an in vitro study that aimed to compare the effects of

Table 1. The effect of lasers of different wavelengths and dose ranges on the tissues.

Wavelength  Doserange
Area of use Type of laser X (nm) (J/cm?) Effect
Acceleration of tooth movement (18) GaAlAs 810 7-9 Increased macrophage response and proliferation
Bone regeneration (32) Diode 780 10 Increased phagocytic activity of neutrophils
Condylar growth (39) KIO3 630 56 Increased bone formation
Roughening the surface of the enamel (49) Er:YAG 2940 8 Reduction in tooth enamel
Mini-implant stability (56) GaAlAs 808 920 Increased osseointegration
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LLLT, low-intensity pulsed ultrasound (LIPUS), and their combina-
tion on bone remodeling during orthodontic tooth movement
in rats, there were four groups: the first group was irradiated with
940 nm diode laser, the second group with LIPUS, and the third
group with a combination of both LLLT and LIPUS. The fourth
group was used as the control group. It was revealed that the
amount of tooth movement and the histological bone remodel-
ing were significantly greater in the treatment groups than in the
control group. Among the treatment groups, the combination
group was the highest, and the LIPUS group was the lowest. As
a result, the use of LLLT and LIPUS can upregulate tissue gene
expressions, increase orthodontic tooth movement, and im-
prove bone remodeling (9). Hasan et al. (10) found a statistically
significant difference between the two groups (LLLT used and
control groups) in the overall treatment time and the leveling
and alignment improvement percentage at T1 (after 1 month
of treatment commencement) and T2 (after 2 months). Fujita et
al. (11) reported that low-dose laser application accelerates the
tooth movement and osteoclast genesis on the pressure side of
the bone by stimulating the stimulating factor of RANK/RANKL
and c-fmc/macrophage colony. The stimulation mentioned here
is the biostimulation caused by the application of low-level la-
ser. However, there are opinions advocating that LLLT is not an
effective method of increasing the speed of tooth movement. In
the review conducted by Long et al. (12), LLLT, corticotomy, elec-
tric current, pulsed electromagnetic fields, and dentoalveolar
or electromagnetic dental or periodontal distraction were com-
pared in six fields (movement rate, movement time of the tooth
to the desired distance, anchorage loss, periodontal health, pulp
vitality, and root resorption) according to the effect on the speed
of tooth movement. While corticotomy was found to be an ef-
fective and safe method for accelerating the amount of tooth
movement compared with the other methods, it was stated that
LLLT is not an effective method for increasing the speed of tooth
movement.

Biostimulation and LLLT

Biostimulation is the use of low-energy laser beam on the tis-
sues to achieve the biological effect. Basically, it is used in wound
healing and in reducing pain. The laser application giving low-
dose energy up enough to increase the temperature of applied
tissue not more than the normal body temperature (36.5 °C) is
described as “low-dose laser therapy” (13). The most well-known
theory explaining the action mechanism of therapeutic lasers is
photochemical theory. According to this theory, the light is ab-
sorbed by specific molecules and is followed by some of the bi-
ological chain of events. These photoreceptors are endogenous
porphyrins and molecules on the respiratory chain and increase
the ATP production (14).

Biological Effects of LLLT
The biological effects of LLLT are the following:

1. induces the release and synthesis of beta-endorphin

2. increases the production of cortisol (cortisol is the front mol-
ecule of cortisone and allows the body to fight stress caused
by trauma or disease)

3. increases ATP production

4. increases both DNA functions and protein synthesis ulti-
mately

5. neurotransmission is easy with the increase in the levels of
serotonin and acetylcholine

6. mitochondrial activity is stimulated by cell replication

7. the modulation of macrophages, fibroblasts, and other cells
occurs

8. cell membrane potential is regulated by Na, Cl, and Kions

9. cytokines and other chemicals that accelerate the cellular
communication are released

10. arterial microcirculation increases

11. edema decreases with the increase in venous and lymphatic
flow

12. inflammation decreases with the increase of leukocytes in-
volved in phagocytosis

13. faster cell division, epithelial growth, and collagen forma-
tion are provided

14. minimal scar and decreased keloid formation occur (5).

Reduction of Postoperative Pain

Itis a known fact that postoperative pain occurs within 2-4 days
following the application of orthodontic force. The relationship
between the degree of force applied and pain still remains un-
answered. It has been reported by many researchers that LLLT
application provides an analgesic effect in various therapeutic
and clinical practices (15). A study where 40 patients who were
scheduled to receive orthodontic treatment were randomly di-
vided into the laser group (810-nm gallium-aluminum-arsenic
diode laser in continuous mode with the power set at 400 mW
and 2 J-cm~?) and control group was analyzed and found that the
application of LLLT appears to reduce the pain and sensitivity of
the tooth and gingiva associated with orthodontic treatment. In-
terestingly, the effect also extended to the contralateral side in
the trigeminal region, indicating that LLLT treatment may have
some degree of bilateral effects within the orofacial region (16).
According to the results of a randomized clinical trial, a single
dose of LLLT (940-nm aluminum-gallium-arsenide [Al-Ga-As]
diode laser set on continuous mode with the power set at 100
mW) considerably decreased postoperative pain accompanying
the placement of super-elastic NiTi wires for initial alignment
and leveling (17). The laser type that is often used to reduce the
pain level in orthodontic treatment is GaAlAs lasers. The mecha-
nism under the analgesic effect of laser application is not exact-
ly known, but some researchers thought that laser application
has neuropharmacological effects on the synthesis, release, and
metabolization of some mediators, such as serotonin and acetyl-
choline in the central level and histamine and prostaglandin in
the peripheral level (18).

Effect on Bone Regeneration

Orthodontic treatment includes many regeneration tech-
niques with too many bones and support tissues, such as rapid
maxillary expansion, distraction osteogenesis, and condylar
adaptation. In vivo studies showed that the LLLT positively
affects wound healing by accelerating bone regeneration,
stimulating trabecular osteoid tissue formation, increasing
vascularization, modulating cell functions, and supporting the
acceleration of bone callus reaction (19). In a study examining
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the effects of diode laser use on rapid maxillary expansion, 27
individuals between the ages of 8 and 12 years were separated
into two groups with and without laser application. In the la-
ser-applied group, diode laser was applied to 10 points around
the mid-palatal suture, and the changes have been followed
with occlusal radiographs used for density evaluation. In con-
clusion, it has been found that there is an effective opening in
the mid-palatal suture with LLLT and bone regeneration and
healing were accelerated (19). Moawad et al. (20) described the
laser-assisted rapid maxillary expansion as LARME and stated in
their in vivo study on 24 subjects aged 15.5-19 years that there
are more significant changes in most maxillofacial components
in the laser group after the expansion phase. However, there
were no significant differences with respect to retention or
total treatment duration between the control and laser treat-
ment groups. Laser applications may also be used in surgically
assisted rapid palatal expansion. GaAlAs laser application ac-
celerated bone regeneration in 13 individuals with the ages
ranging from 18 to 33 and after the application of subtotal Le
Fort | surgery-aided rapid maxillary expansion compared with
the control group (21). The positive effects of laser applications
on bone formation can be explained by rapid regeneration of
blood vessels. In the study by Santiago et al. (22) on experimen-
tal dogs, soft laser (Photon Laser Ill) was used during sutural
expansion, and they reported that laser use has stimulated the
healing process during and after the expansion and contribut-
ed to suture reorganization and palatal bone osteogenesis. It is
stated that with the histological sections obtained from sutural
areas, the blood vessels in the laser-applied group had been
distributed more uniformly and were of regular sizes similar to
never opened suture, and this has affected the microcirculation
and neoangiogenesis in a positive way. LLLT can also be used
to accelerate the healing process after bone fractures, during
mandibular distraction osteogenesis and osteoradionecrosis of
the jaw, and for stimulating condylar growth (23-25).

According to the results of the study by Abtahi et al. (26) that ex-
amined the effects of LLLT on condylar growth during the man-
dibular advancement of rabbits, LLLT increased condylar growth
during mandibular advancement with no change in articular
cartilage and the thickness of fibrous tissue. According to the re-
sults of this study, functional treatment times can be shortened
by LLLT.

Orthodontic Debonding

Laser energy provides less force application during the remov-
al process of brackets by softening the adhesive resin material
used to bond the brackets. Debonding operations with laser ap-
plication are especially used effectively in ceramic brackets that
have high adhesion with enamel way and in particular during
the removal of ceramic brackets with the use of erbium-doped
yttrium aluminum garnet (Er:YAG) laser scanning method that
required lower shear bond strength than conventional meth-
ods and showed adhesive remnant index (ARIl) scores between
2 and 3 (27). Laser energy may remove adhesive resin from the
tooth surface through thermal softening, thermal ablation, and
the effects of photoablation. The removal of ceramic brackets
through Er:YAG laser is achieved with the effect of thermal soft-
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ening (27). There is a possibility of diffusion of the heat gen-
erated during laser-assisted debonding to the tooth structure
even leading to pulpal damage. Although it is known that a
temperature increase of 5.5 °C in pulpal cavity leads to pulpal
necrosis, studies showed that the diode laser with either 1 W or
3 W power for 3 s is effective in debonding the ceramic brackets
without any detrimental effect on the pulp or mechanical prop-
erties of the enamel, whereas laser applications that reduce the
bond strength of brackets did not cause a significant increase
in pulpal cavity temperature (28). Er:YAG laser application with
water cooling appeared to be a safer option by reducing resin
shear bond strength and reducing the likelihood of intrapulpal
temperature increase while debonding ceramic brackets (29).
According to Dostalova et al. (30), the brackets were removed
easily after the Er:YAG laser irradiation and temperature increase
was limited for both ceramic and metal brackets; in addition,
scanning electron microscopy (SEM) investigation has con-
firmed less damage of the enamel than non-irradiated samples.
Mundethu et al. (31) used Er:YAG laser irradiation for debonding
ceramic brackets with a single laser pulse and stated that the
debonding process is in the majority of cases due to thermo-
mechanical ablation in the superficial part of the adhesive layer
and no additional force is necessary to remove the bracket from
the tooth. SEM and light microscopy showed no damages to the
enamel surface.

Etching Procedures

Following Buonocuore (32) using 85% of phosphoric acid to
prepare the enamel’s surface before direct bonding in 1955,
etching with acid method in preparing the enamel surface is the
most frequently used method nowadays. According to some re-
searchers, etching of the enamel surface with chemical methods
have disadvantages, such as demolition of inorganic material of
enamel structure and creating a more vulnerable surface against
carries attacks (33). Following the report that laser systems may
remove smear layer, many laser systems have been used for
etching of the enamel surface. Especially in orthodontic practice,
the laser etching of the enamel has become attractive in recent
years because of the user-friendly procedure and the occurrence
of acid-resistant enamel surfaces after laser etching. The process
of bracket bonding to the ceramic surface process is a matter
of great importance in orthodontic patients with prosthetic
restorations or aged composite or amalgam restorations in the
mouth. In recent years, laser use on the etching of amalgam
surface as in the preparation of all kinds of enamel surface has
gained popularity. In a previous study, amalgam surface etching
with Er,Cr:YSGG laser was compared to sandblasting technique,
and the shear bonding strength of stainless steel brackets coated
with laser-applied amalgam surface has been remarkably great-
er than those of the sandblasted group (34). In an in vi-tro study
that was aimed to evaluate the shear bond strength of metal
brackets to microhybrid composite restorations after four differ-
ent surface preparation techniques (1-etching, 2-sand-blasting,
3- grinding, and 4-CO2 laser irradiation), it was concluded that
surface preparation by sandblasting and CO2 laser pro-vides
clinically acceptable results with regard to bond strength and
ARI score; however, grinding and acid etching failed to produce
the same results (35).
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Low-energy (80 mJ) Er:YAG laser levels are supposed to decrease
demineralization, as shown by calcium and phosphorous mea-
surements from the tooth surface (36). Lasmar et al. showed that
Er:YAG laser causes less reduction in calcium oxide and phos-
phorus pentoxide (P,O,) levels than acid etching. This reached
significant levels in the P,O, concentration, suggesting that the
use of Er:YAG laser caused less demineralization than acid etch-
ing and white spot lesion formation (37). However, according to
the findings by Cokakoglu et al. (38), the idea that laser etching
might create remineralization microspaces by trapping free ions
was rejected, and they indicated that different Er:YAG laser pa-
rameters of TW (100 mJ and 10Hz) or 2W (200 mJ and 10 Hz) for
enamel conditioning cannot prevent enamel demineralization
when using different adhesives.

According to Sallam et al. (39), it has been shown that there
was no significant difference between the mean of shear bond
strength and the etched groups, and it was concluded that the
laser-etched group (1.5 W/15 Hz/Er:YAG laser) resulted in clini-
cally accepted bond strength and could be an alternative to con-
ventional acid etching. However, in another study (40), although
high shear bonding strength has been obtained with Er:YAG
laser-irradiated tooth samples prior to bonding, it was report-
ed that enamel surfaces have been highly damaged during re-
moval and so the acid etching method and single-step etching
(self-etch) can be both used more safely in orthodontic bracket
bonding.

Laser-Assisted Polymerization

Owing to the developments in orthodontic bonding materials,
reducing the time spent during the attachment of orthodontic
bonding is important for clinical success. The most common
type of laser used for polymerization is argon laser. The active
medium of argon laser is argon gas and in gated-pulse mode
emits a visible blue and blue-green light via fiber optic tip with
488 nm and 514 nm in continuous wavelength (41). Recently, ar-
gon laser use is shown to be faster and more reliable than the
conventional light-hardening method and light-emitting diode
(LED) as an effective method in composite resin polymerization.
It has been found that argon laser use in fluoride-released pit-fis-
sure sealants polymerization provides a high degree of protec-
tion against cariogenic changes compared with visible light and
LED polymerization (41). In a systematic review that the study
protocol was based on the PRISMA statement, 20 studies were
included, and according to the results, CO,, Er:YAG, and Nd:YAG
are the most common lasers in using ceramic brackets in or-
thodontics. The use of laser is an effective method in different
aspects of bonding procedures for ceramic brackets, such as
bonding, debonding, rebonding, and the elimination of the re-
maining composite on the tooth surface (42).

Mini-implant stability

Mini-implants have been successfully used for orthodontic an-
chorage in many studies. However, mini-implant failure rate
has been found to be between 11% and 30% (43). The rate of
mini-implant failure affects the orthodontist’s decision if he
might use mini-implant or not in orthodontic daily practice.
Despite all the advantages, mini-implants may loosen, and mo-

bility can increase and at the end may fail during the treatment
process. It has been reported that low-dose laser and LED pho-
tobiomodulation applications have positive effects on mini-
screw stability. Pinto et al. (44) examined the effect of LLLT on
the mini-implants and found that fast loading of 200 g has been
applied on 32 mini-implants that are placed on rabbit tibias. LLLT
has been applied for 21 days, and at the end, it was found that
this application has significantly enhanced the implant stabili-
ty. Although in an another split-mouth randomized clinical trial
that involved 15 subjects with a mean age of 20.9 (+3.4) years
who required extraction of the maxillary first premolar teeth and
mini-implant-supported canine retraction, a diode laser with a
wavelength of 940 nm at 0, 7, 14, and 21 days after mini-implant
placement was used in experimental sides. Mini-implant stability
was measured using resonance frequency analysis at 0, 1, 2, 3,
4, 6, 8, and 10 weeks after implant placement; however, accord-
ing to the results, there were significant difference between the
groups for 3-10 weeks and no difference for the first weeks over
a 10-week period, and there were no differences in mini-implant
stability. At the end, LLLT cannot be recommended as a clinically
useful adjunct to promoting mini-implant stability during canine
retraction (45).

Soft Tissue Procedures

In many stages of orthodontic treatment, soft tissue incisions or
augmentations may be needed. Laser-assisted incisions have so
many advantages during the surgical procedures, such as topical
anesthesia is sufficient most of the time before laser intervention,
the closure of blood vessels and lymphatic, more clean and clear
field of view, no sutural requirement, less bleeding and edemain
the postoperative period, and increased patient satisfaction (46).
The areas of use of laser methods in soft tissue surgery in ortho-
dontics include bonding preparation of teeth that the eruption
has not been completed, removal of soft tissue on impacted ca-
nines and to do bonding in the same session, removal of excess
tissue formed following the closure of large diastemas, bonding
of second molar teeth by the removal of surround operculum, re-
moval of hypertrophic and inflamed gingival tissues formed as a
result of poor oral care, treatment of aphthous ulcers, correction
of hyperpigmentation and crown lengthening by gingiva and
shaping, and removal of high frenulum attachments (47). To et al.
(48) compared the efficiency of laser-assisted gingivectomy (test
group) and non-surgical periodontal therapy (control group)
during fixed orthodontic treatment on patients with gingival hy-
perplasia. This comparison was made with the evaluation of five
periodontal parameters (plaque index, gingival index, bleeding
in probing, pocket depth, and gingival growth index), and as a
result, a significant improvement was observed in both the test
group and control group, and in the early stages of treatment
for gingival index, pocket depth, and gingival growth parame-
ters, more significant level of improvement was found in the test
group.

Laser-Assisted Circumferential Supracrestal Fiberotomy

Long-term treatment stability in orthodontic treatment has al-
ways been an issue that needed to be focused on. One of the
major reasons for the occurrence of relapse after orthodontic
tooth movement is an the elastic supracrestal gingival fibril
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network (49). While collagenous fibers complete their reorga-
nizations within 4-6 months, elastic supracrestal fibrils remodel
slowly and are capable of generation of enough force to move
the teeth even after 1 year after the completion of orthodontic
treatment (42). In a randomized controlled clinical trial that com-
pared the tendency of mandibular incisor's rotational relapse
after conventional circumferential supracrestal fiberotomy (CSF)
with Er,Cr:YSGG laser-aided CSF, it was concluded that laser-aid-
ed CSF in 1 month was as effective in reducing rotational relapse
tendency of mandibular incisor teeth as conventional CSF and
also probing depth, clinical crown height, and experienced pain
levels exhibited negligible differences between the groups (50).
According to the result of the study by Kim et al. (51), evaluating
the effects of laser-assisted CSF and LLLT on the relapse of rotat-
ing teeth on test the dogs, laser-assisted CSF reduced the relapse
when used on rotated teeth and support and did not cause any
damage on periodontal structures, but LLLT application on rotat-
ed teeth increased the tendency of relapse without retainer.In a
systematic review that aimed to evaluate the efficacy of LLLT on
relapse of corrected tooth rotations, it was concluded that the
effect of LLLT on relapse of corrected tooth rotations is related to
energy density, and that low-energy density appears to incerase
relapse, whereas high-energy density may reduce the relapse
(52).

Laser Scanning Systems

Laser scanning systems can be used as soft tissue scanner, and
three-dimensional (3D) images can be created using various
techniques. The images created using this technique can be
used for the publication of normative population data, to evalu-
ate the results of treatment in advance for cross-sectional chang-
es in growth, and to assess the treatment of the head and neck
areas with or without surgery. 3D orthodontic scanning pattern
done with laser scanning is a reliable method in arch-width and
arch-length measurements on dental casts (53).

Many measurements and evaluations can be done on the mod-
els with laser scanning, including surface, area, and millimetric
measurements. Noninvasive systems such as stereophotogram-
metry can produce a 3D surface model from multiple viewpoints
in a synchronized manner with a short capture time and clinical-
ly acceptable accuracy (54). Although the successful use of ste-
reophotogrammetry has been reported for facial scanning, laser
facial scanning is an alternative technique to stereophotogram-
metry and has been successfully introduced into the workflow
for making facial measurements and roducing facial protheses
(55,56). As with stereophotogrammetry, laser scanning of deep-
er regions and undercuts of face is limited by the separation of
the laser-line generator and the receptor camera (55). In addi-
tion, some facial laser scanning systems will require the patient
to remain motionless for a prolonged time which could further
limit data acquisition (57).

Welding Processes in Orthodontics

Laser welding is one of the very recent yet versatile techniques
used in dentistry, which is capable of manufacturing good qual-
ity weld joints with remarkable consistency. In addition, there
are many ways for welding, such as soldering, resistance (spot)

welding, plasma (torch) welding, and single pulse tungsten
inert gas welding (4). The primary use of industrial lasers is to
ensure the fusion of two metals without welding agents. It has
been stated that other than laser use in the intraoral field, laser
use in laboratory procedures are stronger than bonding with
solder-ing material. Laser welding devices allow for welding on
ortho-dontic devices in many different ways without soldering
agents (58). Thus, heterogenetic orthodontic wires made of met-
al alloys of different components can be generated (59). Laser
welding devices have advantages by making possible to man-
ufacture the components of devices to be used in orthodontics,
ensur-ing more durable connection than conventional welding
agents (58). However, the laser devices can also be used in the
intraoral environment. Studies showed that the lasers are bio-
logically harmless for the periodontal tissues adjacent the laser
welded ares, alveolar bone, and pulp tissue and have no thermal
effect (60).

CONCLUSION

Laser system has far been the latest addition among these tech-
nologies that clearly have made an exceptional impact because
of its minimal side effects, high precision level, and biocompati-
bility. There are many laser types determined for dental use, and
laser systems have a wide range of applications in the fields of
orthodontics and dentistry. Laser systems may be an exceptional
modality of orthodontic treatment for many clinical conditions
when used effectively. Although lasers have many advantages,
it is important to determine the effective laser type and wave-
length to meet all requirements in both soft and hard tissues,
and the orthodontist should consider some points before using
the laser that includes relatively high cost of the devices, needs
additional education (especially in basic physics), every wave-
length has different properties, and needs implementation of
safety measures. In many areas of orthodontics, there are differ-
ent types of lasers that can be used, but hence there is no single
laser type that can meet all requirements in both hard and soft
tissues; in routine practice, the orthodontist should analyze well
for what purpose to use the system. In addition, in the literature,
even if the effectiveness of soft tissue laser applications is gen-
erally indicated, there are conflicting results in applications, such
as accelerating tooth movement, hard tissue laser applications,
reducing relapse, etching operations, and mini-implant stability.
Further randomized controlled studies with larger sample size
are required to clarify these controversial results regarding the
effectiveness of laser systems in orthodontic applications.
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