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and Children’s Dental Care
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I N T R O D U C T I O N
Peer-reviewed, evidenced-based
studies describing the benefits of
using hard and soft tissue lasers
are well documented in the dental
literature. The use of the erbium
family of lasers,1 Nd:YAG lasers,2

diode lasers,3 carbon dioxide lasers,4

and argon lasers5 and are well
understood and used around the
world.

Photobiomodulating (PBM)
lasers are devices that produce
energy levels below 0.5 Watt and
are not used for invasive surgical
procedures.6-7 PBM lasers do not
produce or require temperature
elevation in a target tissue (i.e.,
photothermal effects), but rather
create a photobiomodulation effect
within the target tissue. The bene-
fits and usage of these lasers are
gaining acceptance within the
dental community and are often
identified by different names. The
most common descriptions are cold
lasers, healing lasers, and low-level
laser therapy (LLLT).8 The benefi-
cial effects are described as a
photobiological or photochemical
effect on the target tissue.9-10 Low-
level lasers produce energy in a
range of 50-500 milliwatts (mW).
PBM lasers produce a stimulation
and/or suppression of biological
processes and allow the tissue to
generate an intracellular or biolog-
ical response. The present body of
knowledge of PBM suggests that
one of the major effects is created
within the cell mitochondria and
results in an increase the cell’s fuel
for energy and repair, or adenosine
triphosphate (ATP).8, 10-11

PBM lasers are often semicon-
ductor diode lasers. The author is
familiar with two general types: one,

consisting of InGaAIP (Indium-
Gallium-Aluminum-Phosphide) in
the visible light range of 630 to 680
nm; and two, GaAlAs (Gallium-
Aluminum-Arsenide) in the invisible
range of 750 to 910 nm. Other wave-
lengths can also be used.12 PBM
lasers affect damaged cells and do
not produce harmful or negative
effects on healthy cells.

The U.S. Food and Drug
Administration (FDA) categorizes
photobiomodulating lasers as posing
no significant risk (NSR) and there-
fore these devices are considered
safe. In the medical community, the
FDA has given marketing clearance
for such procedures as pain control
and carpel tunnel syndrome treat-
ment. At this time, all dental
applications should be considered
off-label usage in the United States.
Essentially, this means that there is
no ‘indication for use’ statement in
the operating manual. (For more
information on regulatory approval,
please refer to Sulewski JG.
Clearing the FDA hurdle, from
initial device application through
regulatory approval to the clinical
operatory: An update on dental laser
marketing clearances, J Laser Dent
17(2):81-86.) In spite of the NSR
designation, the author avoids using
PBM lasers on patients who are
pregnant or who have malignancies.

There are three types of effects
of photobiomodulating laser
therapy: a primary local event
which is simply absorption of the
light directly by the cellular chro-
mophores or cytochromes; and
secondary changes induced by cells
that have absorbed photons which
initiate cell-specific responses such
as increased cell metabolism and
blood circulation. These beneficial

effects can occur in areas of the
body not being directly irradiated.12

It should be mentioned that
there is some controversy in the
scientific community about PBM
effects;13-14 however, more than 2500
articles have been written and
accepted.

The effects produced by nonsur-
gical lasers are not limited to
low-level lasers. Hard and soft
tissue lasers, which are used for
surgical procedures, also are capable
of producing beneficial PBM effects
when used in noncontact, defocused
modes. Thus at low energy output
levels (less than 500 mW) they do
not appear to produce heat build-up
within the irradiated tissue.
Examples of PBM effects that may
be attributed to the nonthermal
effect of hard and soft tissue lasers
are treatment of postsurgical
discomfort; treatment of postsur-
gical or acute infection, pain, and
swelling due to trauma; and main-
taining vitality of injured teeth.15

Kotlow

A B ST R AC T
Many laser instruments are avail-
able for treating oral disease.
Some treatments involve removal
of hard and/or soft dental tissue.
However, other beneficial thera-
peutic results can occur without a
photothermal event, and these
effects are known as photobio-
modulating or low-level laser
effects. They can be produced by
all lasers;  however, specific photo-
biomodulating laser instruments
are available that operate at levels
below 500 mW and can be used
to provide a wide range of benefits.
This article will describe the many
uses for these devices used in the
author’s pediatric dental practice.

 



PBM devices may consist of a
nonlaser cluster of light-emitting
diodes (LEDs) of various wave-
lengths or may be a single
wavelength laser probe emitting at
660, 808, or 830 nm. Examples of
both such devices as used by the
author are shown in the accompa-
nying table. Typically the cluster
type used for treatment provides
between 4 to 12 Joules (J) per
minute externally, and intraoral
probes provide between 2 to 8 J per
minute.

P B M  U S ES  I N  T R E AT -
M E N T  O F  P E D I AT R I C
PAT I E N TS
1. Reduction of pain and

creation of an analgesic
effect during restorative
dental procedures
The capability to produce an

analgesic effect allows PBM devices
to reduce and often eliminate the
need for a local anesthetic during
restorative dental procedures. A
tooth being treated is not numb,
however the ability of the body to
recognize or feel pain appears to be
significantly reduced.16 Teeth
exposed to laser therapy have
lower levels of pain as compared to
those with the placebo treatment. A
photobiomodulating effect can be
accomplished by using PBM lasers
that are limited to low-level energy
(a 660-nm probe on either the
Q1000 or the AcuLASER in a

contact mode) or by using an
erbium family laser (2940-nm
Er:YAG or 2780-nm Er,Cr:YSGG)
in a defocused mode.17

To achieve an analgesic effect, the
author places the tip of the laser in a
defocused mode (noncontact, 1 to 3
mm from the tooth surface) when
using a 660-nm probe over the crown
of the tooth for 1 to 2 minutes, as
shown in Figure 1. When an erbium
family laser is used, as depicted in
Figure 2, the laser’s tip is maintained
in a defocused mode in continuous
motion. This will prevent production
of thermal effects within the tooth.
Using this technique, the author has
found that it is often possible to
complete a cavity preparation with
the erbium laser without a need for
anesthesia. In most instances, while
preparing primary teeth and many
permanent teeth, it is possible to also
use a high-speed dental handpiece to
complete the cavity preparation
without causing the patient discom-
fort. (If the patient has not previously
experienced the vibrations of the
high-speed or low-speed handpiece,
there is no preconceived fear factor.)
Regardless of the final restoration,
the patient is able to leave the dental
office without a numb lip, tongue, or
cheek. This is especially important in
young children, where the potential
for developing a lip or tongue injury
due to the child’s biting is often a
concern.

2. Treatment of injured ante-
rior primary teeth
Accidental injuries to maxillary

or mandibular anterior primary
teeth are quite common in young
children. The result of trauma may
often result in pulpal death, tooth
discoloration, and possibly future
infection and damage to developing
permanent teeth.18-19 In untreated
teeth, such changes will often occur
within 2 to 6 weeks after a child has
sustained an injury to the upper
incisors. PBM has been shown to be
beneficial,15 and the author has
treated infants and toddlers,
ranging from 7 months to 5 years of
age, with a 660-nm laser probe.
After receiving injuries to this area,
those patients have had the
involved tooth or teeth remain vital.
In instances where these teeth were
slightly mobile, partially avulsed, or
displaced and were treated within
24 to 48 hours after an injury, the
teeth demonstrated both clinically
and radiographically the ability to
remain normal in color, maintain
vitality, and remain asymptomatic
over three or four years.

Successful treatment consists of
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PHOTOBIOMODULATING DEVICES

Model Manufacturer Type Wavelength(s)

AcuLASER
Laserex Technologies,

Unley, Australia
LED Cluster 660 nm

Q1000
2035, Inc., Rapid City,

S.D., USA
LED Cluster: 

8 LEDs/12 diodes

470-940 nm
660-nm probe
808-nm probe

MedX Home Unit
MedX Health Corp.,

Mississauga, Ontario,
Canada

Diode cluster: 9 red
diodes and 40
infrared diodes

633 and 880 nm

DioBeam 830
Laser Light Canada,
Tottenham, Ontario,

Canada
Single Probe 830 nm

Figure 1: View depicting placement of a
PBM laser for tooth analgesia

Figure 2:  View depicting placement of an
Er:YAG laser for tooth analgesia
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placing a PBM laser probe on the
facial and palatal area of the trau-
matized tooth for 1 minute. It may
be advantageous, in some
instances, to re-treat the affected
tooth or teeth similarly at 3- and 5-
day intervals after the accident.

Case 1: A child presented who
had fallen and partially extruded
the maxillary central incisors. The
initial radiograph in Figure 3 shows
the initial injury. Treatment
consisted of repositioning the teeth
with manual pressure and then
placing the 660-nm laser probe over
the labial surface of the crowns and
roots for 1 minute each on the facial
and lingual aspects for a dosage of
approximately 4 J/min. Figure 4
depicts the successful maintenance
of the teeth 1 year later.

3. Treatment of permanent
tooth trauma
Case 2: A 10-year-old female

child was seen due to tooth #9
being partially avulsed. A clinical
and radiographic examination
revealed the tooth was extruded
from the tooth socket approxi-
mately 5 mm (Figure 5). The tooth
was gently repositioned into the

correct position by having the
patient slowly bite on a crown
seater. Once the tooth appeared to
be in correct alignment, it was
splinted into place with a band of
composite (Figure 6). The tooth was
then exposed to the 660-nm probe
for 1 minute facially and 1 minute
palatally. This procedure was
repeated in three days and again at
7 days post-trauma. At the end of
23 months (Figure 7) the tooth
remained vital and asymptomatic,
both clinically and radiographically.

4. Treatment of inability to
open the oral cavity due to
cellulitis and muscle trismus
Patients seen for emergency

visits due to oral infections may
have difficulty opening their mouth
adequately to allow an accurate
examination of the oral cavity, as
shown in Figure 8. PBM therapy
could provide some relief.20 This
condition may be due to trauma or
infection of an abscessed tooth. This
lack of access may prevent drainage
and relief of pain of an infected
tooth. Placing the Q1000 instru-
ment over the affected area in a
contact position for three minutes
gave the patient enough relief to

allow for adequate opening and
drainage of the infected tooth area.

5. Treatment of temporo-
mandibular joint (TMJ) and
postorthodontic adjustment
discomfort
PBM therapy has been shown to

be effective in treatment of TMJ
pain21 as well as for alleviation of
discomfort during orthodontic
procedures.22

Case 3: A 13-year-old female
patient presented with a history of
morning pain in the areas of both
left and right ears. An oral examina-
tion revealed many TMJ discomfort
signs: ringing in the ears, jaw pain
upon chewing and opening her
mouth fully. The patient was treated
for three visits (using the Q1000 for
a 3-minute cycle on the left side and
the MedX cluster on the right side),
externally over the TMJ areas on
alternate days (Figure 9). In addi-
tion, the 660-nm laser (2.2 Joules)

Figure 3: Radiograph of initial injury, with a
partial avulsion of the two central incisors

Figure 4: One-year post-treatment view of
anterior teeth showing stable dentition
and periodontal health

Figure 5: Radiograph of partially avulsed
left central incisor

Figure 6: View of composite splint in place

Figure 7: Twenty-three months post-treat-
ment, showing normal tooth alignment
and healthy tissue

Figure 8:  Extraoral view of a typical
patient who presents with a severe infec-
tion due to pulpitis



was applied intraorally for 1 minute
on each trigger point (Figure 10).
The patient indicated she felt relief
immediately and after 3 days was
essentially pain-free.

Figure 11 shows the Q1000 device
being used for treatment of post-
orthodontic adjustment discomfort.

6. Elimination the gag reflex
A simple solution for many

gaggers is to place a small dab of salt
on the tip of the tongue. Unfortun-
ately, this method does not work on
all patients. Stimulation of the
acupuncture point on the inside area
of the wrists, known as the P6
meridian, can reduce the nausea and
gagging sensations.23-25 The P6 point
is positioned on the undersurface of
the wrist approximately 1 inch from
the wrist crease; this is approxi-
mately the width of the distal thumb
phalanx. Applying laser energy using
4 Joules of the MedX (either the 633-
or 880-nm wavelengths) held in
contact, perpendicular to the tissue
on the P6 point can often provide
sufficient relief to eliminate a gag
reflex. Strong gag reflexes prevent
the taking of intraoral radiographs,
placement of rubber dam, or visuali-
zation and treatment of dental
caries, especially in the most distal
point of upper molars. Such areas
may be successfully treated when
the PBM laser is placed on the P6
acupuncture point for 1 minute, as
shown in Figure 12.

7. Treatment of soft tissue
injuries
Benefits of pretreatment of

surgical sites or post-traumatic soft
tissue injuries with the PBM laser
include reducing postsurgical pain
and allowing the inflammatory
response to start earlier.26-28 These
effects are thought to be the result of
laser light affecting both the cell
membrane and components within
the nucleus of the cell. This results
in stimulating and accelerating the
rate of healing; reducing and
resolving tissue inflammation;
providing significant pain relief;

improving tensile strength of the
wound; and stimulating the immune
system to resolve infection. The
tertiary effect of irradiating one area
of the body and having similar
effects manifest elsewhere on other
wounds of the body suggests a
systemic effect of PBM laser energy.12

This appears to be a significant
reason why it is difficult to create a
study using the left and right side of
the same patient. The systemic
effects prevent the examiner from
determining whether there is a
difference between a placebo effect
and the laser’s effect.

Case 4: A 4-year-old boy received
an injury to his upper teeth and soft
tissue when playing “roller coaster”
at home on furniture. The anterior
teeth were treated with the DioBeam
830 intraorally at 4 J/min and the
MedX cluster laser extraorally at a
setting of 3 J/min. This treatment
was performed on the initial appoint-
ment and again on the following day
(Figures 13-16). The patient has
been seen for two years following the
incident, and the teeth have
remained stable without infection.

8. Treatment of intraoral lesions
Children presenting with viral

stomatitis or herpetic-like lesions

can benefit from PBM treatment
using a variety of devices, espe-
cially if the treatment can begin
near the first appearance of the
problem.29-33

Case 5: A 10-year-old patient
presented with multiple lesions
intraorally and significant discom-
fort. The Q1000 was placed
extraorally for 3 minutes (Figure
17). The patient returned 4 days
later with reports of no discomfort
and with most of the lesions healed.
In the author’s experience, since the
laser energy scatters through the
tissue, some areas may absorb
different amounts of that energy
and not fully resolve. Those lesions
would require additional treatment
on a subsequent appointment.

Case 6: As a final example, a
surgical laser (DioDent Micro 980®,
HOYA ConBio, Fremont, Calif.) was
used to treat a child who presented
with herpes labialis. For further
information, see Kotlow L.
Treatment of aphthous ulcers and
herpes labialis. J Laser Dent
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Figure 9: Extraoral treatment of of TMJ
condition

Figure 10: Intraoral treatment of trigger
points

Figure 12: Placement of the laser on the
P6 acupuncture point

Figure 11: Extraoral treatment of a patient
having discomfort with orthodontic treat-
ment.  The device is positioned directly
over the affected area
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2008;16(Spec. Issue):47-48.
Treatment consisted of lasing the
entire upper left quadrant for 2
minutes using a defocused tip
according to the manufacturer’s
instruction for this indication for
use. The power density is within
the parameters of PBM. Figures
18-19 show the perioperative and
two-day postoperative views.

CO N C LU S I O N
Photobiomodulating lasers provide
pediatric dental patients many
benefits including reducing the
discomfort and pain from surgical
sites and injuries; reducing the
duration of healing from trauma
and soft tissue surgery traumatic
injuries; eliminating or reducing
the gag reflex and nausea; and
relieving muscle discomfort from
postorthodontic adjustments. The
mechanisms of these benefits are
still undergoing investigation and
need more scientific studies to
allow for proper understanding.
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