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F O R E W O R D

It is my pleasure and honor to offer a foreword to this book.
As a general dentist, I appreciate my pediatric dental colleagues’ expertise in the prevention, interception, and
treatment of my young patients. As an experienced laser
dentist, I am excited to read about the use of the technology in those practices. The authors of this work—Drs Genovese, Margolis, and Olivi—are not only excellent laser
dental practitioners, they are good friends. Allow me to introduce their work.
This textbook presents both the fundamental principles
of laser operation and the clinical applications of this
amazing technology in pediatric dentistry. The first part
explains the basic science of light and laser energy and provides explanations about the operating components of a
laser. There is a discussion of the interaction of dental tissue with laser radiation, followed by a description of the
particular devices and wavelengths available for dentistry.
The second part of the text shows the role of the laser in
operative pediatric dentistry. Clearly, this care is critical for
the healthy and proper growth and development of children. However, some practitioners are reluctant to treat
those patients, citing problems from management to instrumentation. There are several advantages in the use of
lasers in pediatric dentistry. For treatment of carious lesions, the hard tissue lasers can be selective in removing
the diseased tissue while preserving the surrounding
healthy mineral structure. Furthermore, the laser can disinfect the prepared surface and offer a lack of smear layer
on the dentin. Most significant is that many restorations
can be performed with little or no injectable anesthesia—
the patient is comfortable during and after the treatment.
For soft tissue procedures, the laser also offers excellent
hemostasis as well as disinfection, which can be critical for
treating traumatic injuries as well as aiding erupting teeth.
In all cases, patients report less postoperative sequelae

with decreased healing periods and less pain when compared with conventional instrumentation.
Part three focuses on the hard tissue applications of pediatric dental lasers. After a thorough explanation of tissue
interaction, several clinical cases of restorative dentistry
and pulpal therapy are presented. The aforementioned
benefits of conservative preparation with control of bacteria are demonstrated.
Part four has a similar emphasis on soft tissue. The general effects of laser radiation on dental soft tissue are enumerated, followed by a wide variety of procedures ranging
from tumor excision to treatment of ulcers to frenum revisions. All of these procedures confirm the precision of laser
ablation coupled with hemostasis and pathogen reduction.
The fifth part highlights the application of dental lasers
for treatment of traumatic injuries. Once again, the aforementioned benefits help the practitioner offer efficient and
safe care for these procedures. A particularly interesting
portion of the text describes the use of low-level laser therapy, sometimes called photobiomodulation. This is a new
and exciting application of energy to affect the basic cellular metabolism and seems to offer promising positive results of faster wound healing and pain relief.
While this book presents very current information, research and clinical trials are ongoing. I’m confident that
more clinical applications and even new wavelengths will
be forthcoming, allowing better pediatric dental care.
I hope you find the book educational and inspirational
in it’s demonstration of the use of lasers for pediatric dentistry.

Donald J. Coluzzi, DDS
Associate Clinical Professor
School of Dentistry, University of California
San Francisco, California
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F O R E W O R D

I am very honored and pleased to introduce this book as
the first text dedicated to laser applications in pediatric
dentistry. The authors have experience treating pediatric
patients, which is evident in the chapter on clinical examination. The authors suggest how to make pediatric dental
visits successful, including the importance of the waiting
room, preventive dentistry, and above all diagnosis, which
I personally appreciated over my long professional career
devoted to the dental care of children. In addition, they
offer excellent techniques for introducing the laser to the
child to make the dental experience more comfortable and
minimize anxiety and fear.
The technical information for laser devices used in pediatric dentistry for cavity preparation is compared to that of
traditional handpieces, and direction is given on choosing
the appropriate instruments. Laser applications are detailed in numerous pediatric cases with indications, tech-

viii

niques, and results and are well illustrated by numerous
graphs, illustrations, and clinical photos. Of note are the
chapters on dental trauma and laser endodontic treatment
in children, which describes easier pulp treatment of primary and young permanent teeth, including a technique
for laser pulp capping.
This book is very useful in its explanation of the philosophy and practice of pediatric laser dentistry to those who
have received the necessary training and are starting to use
lasers in their practice.

Giuliano Falcolini
Past Chairman and Head
Department of Pediatric Dentistry
University of Sassari
Sassari, Italy
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P R E FA C E

This book has developed out of our professional experience in the field of pediatric dentistry as both private practitioners and educators. American and Italian viewpoints
have been blended to provide an international perspective
in this book, which is the first comprehensive text on
pediatric laser dentistry. Its purpose is to offer both the
novice and advanced laser user innovative and minimally
invasive laser therapies to improve the quality of dental
care for children and adolescents.
In addition to the removal of caries and cavity preparation, lasers have been proven safe and effective for many
surgical procedures. With clearance from the US Food and
Drug Administration for use in adults and children, lasers
offer a viable alternative to high-speed handpieces and surgical blades that minimizes the fear and discomfort of the
patient. Lasers offer three primary advantages in dental
and oral care:
1. They can be used in conjunction with traditional techniques to complete routine dental procedures and to encourage positive patient experience with dental treatment.
2. They can be used in place of conventional techniques
with equal or, at times, better results.
3. They offer innovation in treatment. For example, lasers
can be used to provide analgesic, biostimulating, and
anti-inflammatory effects.
Moreover, the use of dental lasers in treatment often
eliminates unpleasant after-effects associated with many
dental procedures, such as discomfort, pain, bleeding, inflammation, sutures, numbness, and necessary medicaments. It also creates no known after-effects of its own. For
these reasons, we believe that laser dentistry should be the

gold standard for providing optimal dental care for children, with preventive, interceptive, and minimally invasive
interventions.
This unique textbook offers a comprehensive look at all
conventional indications for laser-assisted pediatric dentistry and introduces the operative modalities that lead to
predictable outcomes. We illustrate the psychologic, operative, and clinical advantages of providing laser dentistry
to children to improve the level of comfort and compliance
from the patient and parent.
Knowledge of the basic science of lasers is necessary to
use and appreciate lasers. Fundamental concepts, such as
an understanding of the various laser wavelengths, laser
interaction with biologic tissues, and laser parameters, are
discussed to ensure that lasers are used safely to provide
the benefits of this technology to pediatric patients. All
currently available approved lasers and their specific applications are covered, and laser safety is thoroughly discussed. Also, a thorough and up-to-date review of the international literature is included, as well as a glossary of
laser terminology.
By presenting easy-to-understand concepts and principles of laser physics, this book will inspire general and pediatric dentists who are contemplating the use of lasers in
their daily practice and want to learn about the benefits of
using this technology and proven methods for treating
children and adolescents. It is also an invaluable text for
general dentists who already incorporate laser technology
in their practices but want to provide better dental care for
pediatric patients.
Whether you are new to laser use and see this book as a
step-by-step guide or you are an advanced practitioner and
want a practical clinical tool, we hope you enjoy delving
into the wonderful world of laser dentistry with us.

ix
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Laser–Hard Tissue Interaction

that any collateral heat damage induced by these ablative
laser systems would be minimal.
Currently, available laser units emit a pulse train of 50
microseconds or longer, delivered with repetition ranging
from 2 to 50 Hz.5,61,62 Pulse duration of an Er:YAG laser is
shown in Fig 5-10.
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Fig 5-10 Range of pulse duration of an Er:YAG laser (Powerlase
AT-HT, Fotona) at 300 mJ. SSP—super short pulse; VSP—very short
pulse; SP—short pulse; LP—long pulse; VLP—very long pulse.

In addition to the length of the single impulse, pulse shape,
also known as the profile of the laser pulse, is important.
The steeper the rise of the energy pulse, the faster the rise
in temperature, which will allow a more efficient ablation
of the hard tissue with reduced energy dispersion in heat.63
The ideal laser beam is emitted in fundamental transverse
mode (TEM00), represented by a Gaussian profile with a typical symmetric bell-shaped curve (Fig 5-11). During the delivery to the tissue through the fiber optic, the imperfection
of the mirror of the handpiece or irregularities of the tips
could cause the profile to change to TEM31, which is considerably less efficient than the previous profile. The TEM31 profile has great energy dissipation to the margins of the curve,
which causes overheating and dehydration instead of the
desired ablation63 (Fig 5-12). Attention should be paid to the
effectiveness of the transmission tools as well as the cleaning and integrity of the tips and mirrors to avoid inefficient
interaction between the laser and the tissue.

Laser Technique
Fig 5-11 A symmetric bell-shaped curve is the typical shape of
the ideal laser beam emitted in TEM00 mode (Gaussian profile).
(Modified from Moritz63 with permission.)

The laser technique also influences laser-tissue interaction. It affects fluence through the correct focalization of
the laser beam and through the speed of movement of the
handpiece, with deposition of more or less energy in units
of time and surface.

Pulse duration
The duration (or length) of the pulse is important in determining the peak power and the thermal effect. The shorter
the pulse, the higher the peak power; the longer the pulse
the greater the thermal effect on the tissue.
The pulse duration of erbium lasers is very close to the
thermal relaxation time of enamel and dentin, making it
an important factor in induction of potential thermal
damage to the tissues. Therefore, the study and the realization of ultrashort pulses associated with very high peak
power and very low thermal dissipation is important so
56

Focus and beam divergence
The laser beam can work in contact or noncontact mode. The
laser tip does not have to touch the tooth in order to provide
a precise cutting action. The cutting efficiency is best when
the tip is close to the target tissue (~1 mm); once the energy
exits from the tip, it diverges rapidly in the direction of 13.2
degrees (26.4-degree beam spread for some erbium laser systems), and the fluence decreases as a function of the distance
from the target tissue. At 2-mm tip-to-tissue distance, the
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Laser Technique

a

b

Fig 5-12 (a and b) Three-dimensional output profile of an Er:YAG quartz laser tip analyzed with an Ophir-Spiricon beam analyzer.
The vertical axis indicates relative energy density, whereas the white cylinder represents an ideal output. (Courtesy of Dr Frank Yung,
Toronto, Canada.)
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Fig 5-13 (a and b) The ablation rate remains almost constant while varying the angulation of radiation up to about 45 degrees for both the
enamel and dentin surfaces. (Courtesy of Dr Wayne Selting, Colorado Springs, Colorado.)

fluence decreases by 68% from its level at the tip surface; at 3
mm, it has decreased by 78%44 Marjaron et al64 showed that
the presence of a gap between the tip and tissue increased
enamel ablation significantly; an optimal distance of 0.3 to
0.7 mm was suggested. Theoretically this gap would allow debris to exit and more intake of water to wash away accumulated debris. As the distance exceeds 1 mm, both energy density and absorption are decreased.44 However, continuous
contact should be avoided during procedures on hard tissue
because the tips are more likely to break.

Angulation
The ideal impact angle for laser ablation of enamel is perpendicular to the orientation of the prisms, thus angled to
the tooth surface. According to a study by Selting,44 the ablation rate remains almost constant when varying the
angle of incidence up to approximately 45 degrees for both
enamel and dentin surfaces. Variation of this angle up to
90 degrees does not seem to be a critical factor in clinical
ablation (Fig 5-13).

57
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Endodontics

a

d

Figs 8-11 Procedural protocol for pulp repair and dentin reconstruction. (a) Deep caries
(brown) has led to pulp exposure (red). A laser is used for caries removal and pulp capping. (b)
Laser-tissue interaction during pulp coagulation. Necrosis (gray) develops in areas of 80°C, coagulation (red) occurs in areas of 60°C, warming (green) area of reversible damage occurs at 35
to 50°C. Hemostasis is achieved in the pulp capillaries (red shapes), and migration of leukocytes
(small blue dots) is triggered. (c) Pulp capping. Application of a base of calcium hydroxide (white),
followed by an immediate filling with flowable composite (light yellow) and microhybrid composite (dark yellow). Under the calcium hydroxide, the fibroblasts (large blue dots) migrate to
where the dentin bridge will form. (d) A composite filling is placed, and calcification begins in
the basophilic zone after several weeks. Note reversible hyperemia under the basophilic zone.
Soon, odontoblasts will be in the area of the dentin bridge, and dentin will be almost calcified
and the pulp almost normal. (Reprinted from Olivi et al40 with permission.)

metically sealed area and creates the base for pulp repair
and subsequent composite reconstruction (Fig 8-11). If the
patient is amenable to completing the restoration in the
same appointment, it is possible to proceed with the layers
of dentin and enamel (Fig 8-12). In the event of postoperative sensitivity, the use of low-level laser therapy with a
diode laser has been suggested61–63 (see chapter 14).

Partial pulpotomy
This procedure is indicated in young patients with pulp exposure larger than 2 mm caused by deep caries or trauma
in vital teeth with a diagnosis of a normal pulp or reversible
pulpitis. The pulpotomy is performed by partially amputating the inflamed pulp below the exposed area to a depth
of 1 to 3 mm. Bleeding should be controllable within 1 to 2
minutes, but if it is protracted or heavy, the diagnosis of irreversible pulpitis is made, and a pulpectomy is required.25
Once the bleeding is controlled, the area should be pro-

106

c

b

tected with a layer of calcium hydroxide or MTA prior to
application of a temporary or definitive restoration.64
Laser energy can be use to vaporize the pulp tissue, which
will facilitate favorable results. The coronal pulp is vaporized
by the thermal effect of the laser with the appropriate parameters described above. The procedure is repeated two or
three times for 10 to 15 seconds at 30-second intervals until
vaporization of the pulp tissue is obtained at the desired
depth.

Apexogenesis
The aforementioned procedures preserve the vital pulp
while maintaining physiologic development of radicular
walls with gradual closing of the root end, defined as apexogenesis. Laser therapy provides decisive benefits to the
development and maturation of the root as well as to the
maintenance of pulp vitality through its hemostatic and
decontamination effect.
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Young Permanent Teeth

b

a

c

d

e

f

g

h

i

j

Fig 8-12 Pulp capping and restoration in one treatment. (a and b) Preoperative clinical image and radiograph showing occlusal caries in young
permanent maxillary left first and second molars. (c) Cavities are prepared with an Er,Cr:YSGG laser with a 600-µm tip at 5 W, 20 Hz, and 92% air and
85% water spray for enamel and at 3 W, 20 Hz, and 65% air and 55% water spray for dentin. (d) Enamel margins are finished and smoothed with a
low-speed handpiece and bur. (e) After finishing, a small pulp exposure is apparent in the second molar (original magnification ⫻40). (f) Laser decontamination was completed with water spray. Coagulation was achieved with a laser with a 600-µm tip used at 0.5 W and 20 Hz with air cooling
and no water spray in a defocused mode for 10 seconds (original magnification ⫻40). (g) The pulp was decontaminated via laser and then capped
with self-curing calcium hydroxide. (h) Enamel acid etching with orthophosphoric acid for 20 seconds. (i) The molar is restored with composite resin.
(j) Postoperative radiograph after 1 year; note formation of a dentin bridge (blue arrow). (Reprinted from Olivi et al40 with permission.)
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11 Orthodontics

Table 11-1

Laser parameters in orthodontic applications

Clinical indication

Diode (810 nm)

Nd:YAG

Gingivectomy

0.8–1.5 W CW with a
300- to 400-µm fiber

Gingivoplasty

Lower power and
angulated

1.2–1.5 W, 10–20 Hz,
100–150 µs
with a 400-µm fiber
Lower power and
angulated

Operculectomy/
exposure of
unerupted tooth/
foreign body exposure
Extraction of
impacted tooth/
bone surgery

1–1.5 W CW with
a 400-µm fiber

1.2–1.5 W, 10–20 Hz,
100–150 µs with
a 400-µm fiber

NA

NA

Er,Cr:YSGG/Er:YAG
0.75–1.5W, 10–20 Hz,
low air-water spray, with
a 400- to 600-µm tip
0.5–1 W, 10–20 Hz,
low air-water spray, with
a 600-µm tip defocused
and angulated
0.75–1.5W, 10–30 Hz,
low air-water spray,
with a 600-µm tip
1.8–3 W, 120–150 mJ for
the bone, high air-water
spray, with a 600-µm tip

CO2
3 W CW

Lower power
and angulated

3 W CW

NA

µs—microseconds; NA—not applicable.

addition, the periodontal probe must always be used to determine the amount and type of tissue (gingiva or gingiva
and bone) that will be removed and to predict the subsequent postoperative healing of the tissue.22,23
Topical or profound topical anesthesia is usually sufficient for gingivoplasty. However, when coronal lengthening
requires removal of both bone and gingiva (eg, when the
patient has a “gummy smile”), erbium lasers can be used in
conjunction with local anesthesia.
The diameter of the fiber or tip will affect both the applied
fluence and clinical outcome (see Fig 5-8). Clear cuts can be
obtained with 300- to 400-µm fibers while modeling and
gingivoplasty can be achieved with 400- to 600-µm fibers.
After completing the gingivectomy (1.5 W, 20 Hz, 75 mJ),
the parameters of the erbium laser used to perform the
gingivoplasty must be reduced (0.5 to 1 W; 10 to 20 Hz; 50
mJ). The laser is put in a defocused mode, and the tip is oriented at the angle of the external bevel to facilitate the
modeling and thinning of the gingival contour. For the different wavelengths and parameters used, see Table 11-1.
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Operculectomy
An operculum is a gingival flap usually distal to a primary
or permanent molar that remains as a sequela of the eruption. In some instances, an operculum can lead either to
local inflammation due to plaque accumulation underneath the flap or to pain due to the occlusion of the
opposing molar. Laser operculectomy removes the small
portion of inflamed soft tissue covering the crown of the
erupting tooth (Figs 11-5 and 11-6). Local anesthesia is
required only when a large amount of gingiva that is covering a third molar must be removed. For the different wavelengths and parameters used, see Table 11-1.

Exposure of Unerupted
or Impacted Teeth
An unerupted tooth is a tooth with incomplete or immature root development whose eruption falls behind the
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Exposure of Unerupted or Impacted Teeth

a

b

c

Fig 11-5 (a) Pericoronitis of the mandibular left third molar in a 16-year-old patient. (b and c) Operculectomy of the thick gingival tissue was performed with an 810-nm diode laser at 1.5 W in CW
mode with a 400-µm tip. Local anesthesia was administered.

a

b

c

d

Fig 11-6 (a) A painful gingival operculum overlapping the mandibular right second molar in a 12-year-old boy. (b) An Er,Cr:YSGG
laser was used to perform the operculectomy at very low power of 0.75 W and 15 Hz with water spray. No anesthesia was used.
(c and d) Note the limited bleeding and the clean laser incision without signs of thermal damage.

eruption of the contralateral tooth but is still within the
physiologic time for eruption. After its exposure, the tooth
may erupt spontaneously or through facilitation by orthodontic therapy.
An impacted tooth is a tooth that does not erupt in its
correct anatomical position but instead is retained either
partially at the mucogingival level or completely within the
bone.
If the expected eruption time exceeds the physiologic
time, the root of the tooth is developed, or the tooth is
clearly ectopic even after its exposure, an orthodontic intervention to move it to the correct location is necessary.
There are several etiologies of late eruption, which can be
correlated to lack of space in the maxilla,24,25 presence of
supernumerary teeth, fibrosis of the pathway of eruption,
and ankylosis of a primary tooth following trauma. In rare

cases, late eruption occurs in association with chronic diseases (eg, tuberculosis, syphilis), rickets and malnutrition,
or genetic malformation syndromes.
With the exception of the third molars, the maxillary canine is the most frequently involved tooth, followed by the
maxillary central incisor, mandibular canine, and maxillary
first and second premolar. However, all teeth can be affected by this problem. Gingival overgrowth may sometimes occur prior to orthodontic treatment, such as in
overretained or partially erupted teeth. In these instances,
the laser ensures effective, quick, and painless exposure of
the tooth. Exposing unerupted teeth with lasers is one of
the most common procedures in pediatric dentistry and
can be achieved with various laser techniques and orthodontic traction.1,26,27
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