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Abstract

Laser technology has been recently introduced into the dental field with the idea
to replace drilling. Having a less painful first dental experience by the use of modern
instruments like laser can be an efficient preventive and therapeutic strategy in pediatric
dentistry. Pedodontists need to learn the new less invasive technologies and adopt them
in their routine practice. This study aimed to review the available types of lasers and their
applications in pediatric dentistry. An electronic search was carried out in IranMedex,
InterScience, Scopus, Science Direct, PubMed, ProQuest, Medline and Google Scholar
databases to find relevant articles published from 2000 to 2014. Relevant textbooks
were reviewed as well. Laser can be used as a suitable alternative to many conventional
diagnostic and therapeutic dental procedures. It is especially efficient for caries detection
and removal, pulp therapy, lowering the risk of infection, inflammation and swelling and
reducing bleeding. On the other hand, due to minimal invasion, laser treatment is well
tolerated by children. Improved patient cooperation leads to higher satisfaction of the
parents, dentists and the children themselves.
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Introduction

Laser technology has been recently introduced to the
field of medicine in order to address the diagnostic and
therapeutic needs of patients faster and more efficiently.!
The stimulated emission theory discussed by Einstein?in
1916 later resulted in development of the first working
laser by Maiman® Laser stands for light amplification by
stimulated emission of radiation.* Soon after its advent,
researchers attempted to use it for dental purposes due to
its unique characteristics.” Since contemporary dentistry
is based upon the use of minimally invasive procedures,
laser can serve as a favorable alternative to drilling due to
having less pain, sound and vibration. Maintaining a dry
environment enhances the clinician’s view of the working
area and results in a better outcome. Moreover, substitu-
tion of sharp dental instruments with laser attracts more
patients to dental clinics.® However, laser therapy has
some shortcomings as well such as high cost, difficult ac-
cessibility, its dangerous nature if safety measures are not
followed, not being applicable in all fields of dentistry, in-
ability to remove metal restorations and thermal damage
to soft tissues.’

Laser was first used for soft tissue incision. But, the new
generation of lasers with their special function on water
molecules can be used for ablation of dental hard tissue as
well. Due to recent advances in laser applications in most
dental fields, it is now efficiently used for caries preven-

tion, diagnosis and treatment.®

Pedodontists try to create a pleasant memory of the first
dental visit for children by using novel, minimally inva-
sive technologies to help the child establish good den-
tal habits.” Having a less painful first dental experience
through the use of a modern technology like laser would
be an efficient preventive and therapeutic strategy. Laser
can be successfully used for diagnosis of oral and dental
conditions, treatment of the hard and soft tissues and pre-
vention of rapidly progressive oral and dental conditions
in children.'

Considering the importance of oral and dental health in
physical health status of children, this study aimed to re-
view different types of lasers and their applications in pe-
diatric dentistry.

History of Laser

In May 16, 1960, laser was developed by Theodore
Maiman® using a synthetic ruby crystal. The first appli-
cation of laser was for the diagnosis and treatment of skin
conditions. Later, it was used for endoscopic surgery and
then in ophthalmology."* The first application of laser in
dentistry was for oral soft tissue surgery."? Laser served as
a scalpel by cutting or ablating the tissue using the ener-
gy of laser light. Its mechanism of action is via intensified
light generated by the stimulation of a synthetic material
inside a light chamber. The energy is emitted uniformly
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and continuously towards the target organ without direct-
ly contacting it.° Lasers are often named after their active
medium generating photons. Dental lasers have variable
wavelengths and run in continuous-wave, pulsed or run-
ning pulsed mode. Wavelengths in the range of 193-10600
nm are applicable in medicine and dentistry. The wave-
length of laser determines its clinical application and type
of laser device."?

Based on their specific applications, lasers are divided into
4 main groups of solid state lasers, liquid lasers, gas lasers
and semi-conductor lasers. Gas lasers have a simpler de-
sign compared to other types.’* Relative dispersion of the
emitting atoms in gases creates a relatively homogenous
environment. These are continuous-wave lasers. The most
important characteristic of liquid lasers is their ability to
change their frequency. Lightness and high optical output
power are among the characteristics of semiconductor la-
sers explaining their popularity.™

Types of Lasers and Their Applications in Dentistry
The most commonly used lasers in dentistry include hol-
mium yttrium aluminium garnet (HO:YAG), neodymi-
um-doped yttrium aluminium garnet (Nd:YAG), carbon
dioxide laser (CO,), erbium-doped yttrium aluminum
garnet (Er:YAG), neodymium doped yttrium aluminum
perovskite (Nd:YAP), gallium arsenide (GaAs) (diode),
erbium, chromium doped yttrium scandium gallium gar-
net (Er-Cr:YSGG) and argon lasers. Clinical applications
of lasers in dentistry include soft and hard tissue surgery,
root planning (elimination of calculus from the root sur-
faces), cavity preparation in the enamel and dentin, de-
tection of dental caries, cleaning the root canal system,
etching, caries prevention by changing the crystalline
structure of enamel, tooth whitening, periodontal therapy
and peri-implantitis treatment.® Table 1 presents different
types of dental lasers and their applications.

Application of Laser in Pediatric Dentistry

It is important to motivate children for dental visits in
order to prevent oral and dental conditions. Thus, aside
from dental principles, pedodontists must learn the new
technologies.” Laser technology provides an opportuni-
ty for more efficient diagnosis and treatment of oral and
dental soft and hard tissue conditions in children. Laser
therapy is well accepted by the children and parents due to
its minimal invasiveness.” Studies have demonstrated that
children are more cooperative during restorative, pulpal
and surgical treatments using laser, which significantly
promotes the quality of care and enhances the process of
treatment. Laser seems to soon become the gold standard
in pediatric dentistry.”® Different types of lasers and their
applications in pediatric dentistry are as follows:

Hard Tissue Applications of Laser

Caries Detection

Accurate detection of caries helps the clinicians suitably
restore the tooth in shorter time and with less cost. Stud-
ies have demonstrated that laser fluorescence (LF) can

enhance the accuracy and speed of clinical detection of
caries.'*"”

LF at a wavelength of 655 nm (nonablative with red light)
can be used as an adjunct for disclosing occlusal caries in
primary and permanent teeth and due to its high reliabil-
ity, predictability and reproducibility, it decreases diag-
nostic errors.'”'® DIAGNOdent is a commercial product
using LF technology. An in vitro study demonstrated its
superior efficacy for disclosing occlusal dentin caries in
primary teeth in comparison to visual inspection, probing
and radiography.'” Some previous studies have reported
equal or higher accuracy of LF and bitewing radiography
for detection of caries and cavitation of primary teeth in
proximal areas.?®?! However, its efficient performance de-
pends on the depth of carious lesion. It can more accurate-
ly detect dentin compared to enamel caries and does not
have much efficacy for detection of initial enamel caries
and tooth demineralization.*

Argon laser at a wavelength of 488 nm (blue-green color)
is another diagnostic laser that enables detection of car-
ies particularly in the interproximal and occlusal surfaces
with the help of fluorescence property. It is also known as
quantitative-light induced fluorescence (QLF).! It is more
efficient in quantitative detection of demineralization in
primary teeth compared to permanent teeth.” Use of QLF
enables easy detection of caries beneath the pit and fissure
sealants during the routine and periodic examinations.*

Caries Prevention

Resistance of the tooth surface to penetration of cario-
genic agents plays an important role in prevention of
caries. Erbium and CO, lasers can be successfully used to
increase resistance of a newly erupted permanent tooth
in children and adolescents to acid erosion. Studies have
demonstrated that CO, laser at 9600, 9300 and 10600 nm
wavelengths, erbium laser at 2780 and 2940 nm wave-
lengths and argon laser can confer resistance to enamel
surfaces against caries.”®* Several studies have demon-
strated further increase in tooth resistance by simultane-
ous application of laser and fluoride therapy. For instance,
argon laser in conjunction with acidic phosphate fluoride
(APF) causes a 50% decrease in caries depth compared to
the use of laser alone.?*

Restoration, Pit and Fissure Sealants

Laser can also be used for tooth surface preparation prior
to the application of pit and fissure sealants. Laser can be
applied for conditioning, cleaning and disinfection of pits
and fissures as well.?® For instance, after ensuring the pres-
ence of caries in pits and fissures based on the obtained
LF values (between 11-20 to 21-30), erbium laser can be
used for fissurotomy and elimination of caries. LF values
between 0-10 indicate sound tooth; in this condition, only
macro-roughening is performed by erbium laser at lower
wavelengths.'®

Studies have demonstrated that application of laser alone,
without acid etching for preparation of enamel pits and
fissures results in a subsequently high rate of microleak-
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Table 1. Characteristics of Dental Lasers

Laser Type Wavelength Mode Application

co 10 600 nm Pulse or continuous-wave

RN E

Soft tissue ablation

Gingival contouring for esthetic purposes

Treatment of oral ulcerative lesions

Frenectomy and gingivectomy

Elimination of necrotic epithelial tissue during regenerative periodontal

surgeries

=

Root canal therapy: Helps eliminate pathogenic microorganisms and debris

from the root canal

Nd:YAG 1064 nm

g

Pulse

Extensive periodontal surgery and scaling to eliminate necrotic tissues and

pathogenic microorganisms

Caries removal

Er:YAG 2940 nm Pulse

Caries removal
Cavity preparation in enamel and dentin
Root canal preparation

Er,Cr:YSGG 2780 nm Pulse

PWONPE WD R W

Enamel etching

Caries removal

Cavity preparation

Bone ablation without over-heating, melting or changing the calcium and

phosphorus ratios

Root canal preparation

PONRE W0

Argon 572 nm Pulse or continuous

v

Polymerization of restorative resin materials

Tooth bleaching

Elimination of necrotic tissue and gingival contouring

Treatment of oral lesions such as recurrent aphthous ulcers or herpetic
lesions

Frenectomy and gingivectomy

=

Diode 810 0r980 nm  Pulse or continuous-wave

Proliferation of fibroblasts and enhancing the healing of oral lesions or
surgical wounds

Frenectomy and gingivectomy

Correcting the gingival contouring for esthetic purposes

HO:YAG 2100 nm Pulse

W W

Gingival contouring
Treatment of oral lesions
Frenectomy and gingivectomy

age.” Thus, laser application does not eliminate the need
for enamel acid etching.*® On the other hand, some re-
searchers reported that application of laser in conjunction
with acid etching resulted in microleakage in 80% of spec-
imens due to the formation of enamel cracks and debris
at the sealant-enamel interface. They have recommended
the use of argon laser for curing of the sealant material at
the enamel-sealant interface to possibly increase enamel
resistance to acids.! However, some other studies found
no difference in the amount of microleakage in acid etch-
ing with and without laser for preparation of pits and fis-
sures.” Surface preparation with Er,Cr:YSGG laser prior
to fissure sealant application has demonstrated to have no
effect on increasing resistance to microleakage in primary
teeth.*

Endodontics

Laser technology can be used for pulpotomy, pulpecto-
my and pulp coagulation as an alternative to formocre-
sol, which is used for pulpotomy of primary teeth and
has carcinogenic and mutagenic properties.*® Researchers
have reported superior clinical results in pulpotomy of
primary teeth with CO, laser compared to formocresol**
and demonstrated that pulpal inflammation decreased
after laser therapy and had a reverse correlation with the
amount of energy received.”

Efficient use of laser technology in cleaning and shaping
of the root canal system has also been demonstrated. For

instance, Er,Cr:YSGG laser has cleaning and shaping effi-
cacy similar to that of rotary instruments and superior to
that of hand instruments. Moreover, this laser acts faster
than the afore-mentioned 2 techniques.*

Application of Er:YAG, Er,Cr:YSGG and CO, lasers for
pulp coagulation has also shown more favorable results
after 2 years in comparison with calcium hydroxide.***
Studies have indicated that vital pulp therapy and pulp he-
mostasis after pulpotomy with the help of CO, laser had
98.1% clinical success and 91.8% radiographic success.*
However, other studies on lasers such as Nd:YAG laser for
pulpotomy of primary teeth have reported 71.42% clinical
and 85.71% radiographic success during 12 months, and
appear to be unsuccessful in comparison with formocre-
sol with a clinical and radiographic success rate of 90.47%
during the same time period.*”

Soft Tissue Applications of Laser

Laser provides an opportunity for safe treatment of peri-
odontal disease in children without causing allergic reac-
tions or bacterial resistance.!’ All wavelengths of laser en-
able gingivectomy, gingivoplasty and operculectomy with-
out the need for local anesthesia and without bleeding.*
Enhancement of tooth eruption, elimination of abnormal
gingival lesions due to improper tooth movements, treat-
ment of drug-induced gingival hyperplasia, resection of
fibroma, aphthous lesions, herpes labialis, mucocele and
pyogenic granuloma and also esthetic procedures are
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among other applications of lasers."**

Er:YAG laser can be used for frenectomy in infants with
tight maxillary frenums or for upper and lower frenecto-
my in infants with severe ankyloglossia.*’

CO, laser can be used for surgical resection of vascular tu-
mors in the oral cavity and gingival enlargement due to
the use of cyclosporine. This laser has the advantages of
disinfection and coagulation in comparison with surgical
scalpel.*"*

Micro-gingival surgery with laser can be done for treat-
ment of traumatic injuries to unerupted teeth.” Erbium
laser enables removal of a part of gingiva covering a cervi-
cal carious lesion."®

Researchers have also demonstrated that low level la-
ser therapy (LLLT) accelerates orthodontic tooth move-
ment.* Laser/light emitting diode (LED) can also be used
to shorten the course of disease and enhance healing of
children suffering from herpetic lesions and primary her-
petic stomatitis."

Traumatology and Vitality Testing

Trauma to the teeth can have adverse short-term and
long-term consequences and may compromise pulp vi-
tality. Laser doppler flowmetry (LDF) indicates the pulp
blood flow (PBF) and can be used to assess pulp vitali-
ty. This method is accurate, noninvasive, reproducible,
reliable and painless and is well tolerated by children. It
appears that LDF can also be helpful for monitoring of re-
vascularization and mobile teeth.**

Other applications of laser for traumatized teeth include
preparation of the broken edge of injured teeth prior to
restoration, exposed pulp coagulation, pulpotomy and
pulpectomy (with erbium laser) after trauma, if necessary.
Moreover, Er:-YAG and Er,Cr:YSGG lasers can be used for
fusion and sealing of dentinal tubules in case of fractured
teeth or open dentinal tubules. By doing so, the permea-
bility of tubules and the consequent tooth hypersensitivity
will decrease.”

Soft tissue trauma, facial wounds and swelling can also be
alleviated by the application of laser/LED to the area. This
method can also be used in severely traumatized areas to
decrease post-traumatic discomfort."

Preservation of Pulp Vitality

Laser irradiation can be used for preservation of pulp
vitality. Different wavelengths with 0.5-1 W power,
non-concentrated beam, low frequency and pulse mode
without water and for durations less than 10 seconds (in
order not to cause coagulation) and with 30-second inter-
vals (to prevent over-heating of the pulp) can be useful for
this purpose.'®

Use of 808 nm probe around the root area of traumatized
central and lateral incisors in children is considered a suc-
cessful treatment modality to prevent pulp necrosis."

Disinfection and Decontamination
Laser technology has beneficial antimicrobial effects as
well. An in vitro study demonstrated elimination of 99% of

the bacteria in collagen matrix by the application of diode
laser via the photo-activated bacterial disinfection (PAD)
method during root canal therapy and caries removal.?’
However, cleaning and disinfecting the primary root canal
system require utmost precision due the complex anatomy
of the apex. Special attention must be paid to the penetra-
tion depth of laser, which is close to infrared light.*

The antimicrobial effect of erbium laser on the root canal
system has also been demonstrated." Alveolar socket de-
contamination following tooth avulsion is another capa-
bility of lasers.*

Analgesic Effects, Alleviation of Pain and Discomfort
Laser increases the pain threshold of patients and decreas-
es the need for local anesthetics.>* Studies have demon-
strated that anesthesia can be achieved by application of
laser in near infrared wavelengths (803-980 nm) using
non-concentrated mode. This effect can be exerted on
the pulp and last for 15 minutes by hyperpolarizing the
membrane of nerve fibers."® This technique had a success
rate of 50%-75% on primary molar teeth for preparation
of class II cavities without anesthetic injection using a 660
nm probe.!

CO, laser can be locally used to relieve pain due to or-
thodontic forces and LLLT accelerates orthodontic tooth
movement with no adverse effect.***” Laser/LED irradia-
tion around the orthodontic site or temporomandibular
joint has been able to successfully alleviate pain.**

LLLT of lymph nodes during the eruption of primary or
permanent teeth and laser irradiation (4 to 6 J) of exposed
primary teeth can effectively decrease pain as well.** LLLT
can also effectively decrease primary inflammatory re-
sponse*” and 3 to 4 ] dose is suitable to decrease pain and
swelling in case of trauma to the lips and anterior teeth.*®

Exposure of Unerupted Teeth for Orthodontic Purposes
For soft tissue removal and exposure of unerupted teeth
for orthodontic purposes, Er,Cr:YSGG, Er,YAG, diode
and Nd:YAG lasers are used.*® Erbium laser is efficient for
both soft and hard tissue ablation. But, there is always a
risk of enamel damage at the surgical site. However, this
risk is nonexistent if diode or Nd:YAG lasers are used due
to their specific wavelengths.*

Conclusion

Considering all the aforementioned, laser can be a suitable
alternative for many conventional procedures in pediatric
dentistry. Diagnosis and removal of caries, pulp therapy,
decreasing the risk of infection, swelling and inflamma-
tion, reducing bleeding, enhancing soft tissue healing,
pain relief and reducing gag reflex are among the appli-
cations of laser in pediatric dentistry. Children are often
more cooperative when laser is used for dental treatments
due to its minimal invasiveness. This results in higher sat-
isfaction of children and their parents and increases the
quality of service. Due to the diversity of this subject, fur-
ther studies are required on the efficacy of laser application
for dental procedures particularly in pediatric dentistry.
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