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ABSTRACT \

Although laser treatment has generated considerable interest among dentists and the
public, there is no evidence that any laser system adds clinical value over and above
scaling and root planing and conventional surgical treatment for periodontitis. Following
a brief explanation of the mechanism behind soft tissue lasers, the evidence on the use
of laser therapy in addition to traditional nonsurgical periodontal treatment in the
management of periodontal diseases is reviewed.
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in dentistry has generated considerable

interest among dental professionals and
the public. Lasers have been around for nearly
50 years.' In 1985, they were introduced in a
dental setting with the use of a modified oph-
thalmic laser.”? Some lasers have been designed
for caries removal, while others are specific for
soft tissues and have been used because of their
hemostatic properties. More recently, lasers
have been promoted as an adjunct to, or sub-
stitute for, standard mechanical debridement
of subgingival root surfaces and periodontal
pockets. The integration of dental lasers into
the daily clinical practice of general dentists
is being advocated as a “revenue booster,” of-
fering patients a painless alternative to sur-
gical treatment of periodontal disease and a
benefit over traditional methods of therapy.
Although it may be true that dental lasers can
increase revenue, statements relating to the ef-
fects of lasers appear to be based primarily on
manufacturers’ claims of laser efficacy rather
than research data.

R ecent publicity about the benefits of lasers
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Some practitioners find it essential to have
the most up-to-date technology available for
their patients. Others may be more cautious,
incorporating new therapy modalities only
when evidence is strong enough to support
their use. Clinicians should ask a number
of questions before rushing out to buy the
latest dentistry “gadget.” Is this new piece of
equipment, material or treatment more ef-
fective than what is used now? If the effect is
similar, are there other benefits that should
be taken into account, such as a reduction in
the amount of time to complete a procedure
or reduced cost to the patient? What are the
risks and side effects, and are they sufficient to
offset the benefits?

This paper presents the most current clin-
ical evidence on the use of soft tissue lasers
in the nonsurgical treatment of patients with
periodontal diseases to help clinicians with
this decision.

How Lasers Work
The term laser is an acronym for “light
amplification by stimulated emission of radia-
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Table 1 Use of lasers in soft tissue surgery

Wavelength (nm)

co,
10 600

— Matthews —

Nd:YAG/Er:YAG
1064, 2940

Diode
635-950

Delivery

Series of mirrors and
articulated arm

Flexible optical fibre with
red laser beam

Flexible optical fibre with
red laser beam

Tactile sensation
(contact mode)

No (cutting is done by
vaporizing tissue)

Yes (ablates soft tissue similar
to electrosurgery)

Yes (ablates soft tissue similar
to electrosurgery)

Thermal damage

High

High

Moderate

Protective eyewear

Normal eyeglasses

Special coloured glasses

Special coloured glasses

Precautions

Avoid contact with teeth

Avoid hard tissue contact
(damages bone and cementum)

Avoid hard tissue contact
(damages bone and cementum)

tion.” Each type of laser device emits energy at a spe-
cific wavelength. For example, the wavelength emitted
by diode (gallium:arsenide) lasers ranges from 635 to
950 nm, that of carbon dioxide (CO,) lasers is 10 600 nm.
Radiation is delivered as a continuous, pulsed or running
pulse waveform. The photons that make up the energy
beam are emitted as coherent (in phase), unidirectional,
monochromatic light, which is collimated into an in-
tensely focused beam. As laser beams are in the infrared
range, they are not visible; thus a quartz fibre channelling
a red light is incorporated into the device to act as an
aiming beam.?

When the beam is directed at target tissue, it may
be absorbed, reflected or scattered.* In biologic tissues,
the energy is primarily absorbed; scattering occurs only
with deep tissue penetration. Although the wavelength
is the primary variable determining the extent of energy
absorption, the optical properties of the target tissue
are also an important determinant. Periodontal tissues
are complex and vary with respect to water and mineral
content, pigment and tissue density; thus, they also vary
with respect to optical properties. Neodymium:yttrium-
aluminium-garnet (Nd:YAG) and diode lasers are prefer-
entially absorbed by pigmented tissues. The CO, laser is
well suited for soft tissue surgery, as its energy is highly
absorbed by water. Other lasers are absorbed well by
hydroxyapatite. Additional parameters affecting absorp-
tion include power, pulse duration, duration of exposure,
angle of energy delivery and waveform (i.e., pulsed or
continuous).

Energy absorption will cause the target tissue to react
in 1 of 4 ways: warm up, coagulate, vaporize or, in the
case of hard tissue, melt and recrystallize. Therefore, spe-
cific clinical treatment goals must be kept in mind when
selecting the technology (laser or otherwise) best suited
to achieve the desired outcomes.

Soft Tissue Lasers

The types of lasers most commonly used for peri-
odontal applications are the diode, CO,, Nd:YAG and er-
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bium:yttrium-aluminium-garnet (Er:YAG) (Table 1). All
but 1 transmit the laser energy through an optical fibre,
allowing the use of a handpiece and contact to provide
tactile feedback. The CO, laser does not have fibre optic
delivery, but rather uses a light beam directly to guide
the operator. However, because of the dry field of oper-
ation, visual feedback to the clinician is reportedly good.*
Recently, a 655-nm indium gallium arsenide phosphate
diode laser has been added to the Er:-YAG device to in-
duce fluorescence in subgingival calculus. This feedback
system purportedly improves the ability to remove cal-
culus with minimal heat transfer to the root surface.>®

One of the primary advantages of laser therapy over
conventional scalpel surgery is its superior hemostasis.
Lasers have been used for a number of types of soft tissue
surgeries, including gingivectomy, gingivoplasty, fren-
ectomy, gingival troughing for impression taking and
soft tissue biopsies. Patient acceptance of laser therapy is
reportedly good.” Patients often perceive laser therapy as
a contemporary, progressive, more conservative and less
painful approach than surgery. However, although the
patient’s wishes should not be discounted, neither should
they overrule the weight of scientific evidence.

Although there are reports that laser soft tissue
wounds heal faster and produce less scar tissue than
those from scalpel surgery, this is not borne out in the
literature, in either histologic studies or clinical trials. In
fact, studies of CO, lasers report that healing is initially
slower than after scalpel surgery.®In addition, the activity
of fibroblasts, the cells responsible for producing new
connective tissue attachment in wound healing, is signifi-
cantly delayed after exposure to Nd:YAG lasers.’

Lasers have been promoted for lengthening clinical
crowns for esthetic and prosthetic reasons, without gin-
gival flap reflection. However, no randomized controlled
trials or cohort studies support the use of lasers for closed-
flap crown lengthening. Further, this technique raises
several questions. For example, without visual access to
the underlying bone, how can the clinician determine the
need for, or amount of, bone removal to establish proper
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Table 2 Summary of randomized controlled clinical trials comparing lasers and mechanical debridement in the treatment of
chronic periodontitis?

Reduction
No. of in periodontal Reduced Increased
Comparison groups | studies pathogens pocket depth attachment level
CO, Laser 1 None in either group n.s. n.s.
vs.
ultrasonic
Diode Laser 1 SRP + laser only Laser + SRP > laser Laser + SRP > laser
vs. or SRP alone or SRP alone
SRP + laser
vs.
SRP + placebo
H,O, + laser 1 n.r. n.s. n.s.
vs.
H,O, + laser + SRP
Er:-YAG Laser 1 n.r. n.s. n.s.
vs.
laser + ultrasonic
Laser 5 n.r. n.s. n.s.
vs.
ultrasonic
Laser 2 Significant n.s. n.s.
vs. (no difference
SRP between groups)
Nd:YAG Laser 1 n.r. Laser > sham Laser > sham
vs.
sham laser
Laser 1 None n.s. n.s.
vs.
ultrasonic
Laser 2 None SRP > laser (1) n.r.
VS. No difference (1)
SRP
Laser + SRP/ultrasonic 4 None (1) n.s. (2) n.s. (2)
vs. n.s. (2) n.r. (2) n.r. (2)
SRP/ultrasonic n.r. (1)

“Adapted from Slot et al.® and Schwarz et al.?
Note: n.r. = not reported or insufficient data reported, n.s. = no significant difference between groups, SRP = scaling and root planing.

anatomical dimensions to prevent invasion of the bio-
logic width? Is there sufficient tactile sensitivity to allow
the operator to distinguish between bone and cementum
in a closed-flap technique? Results from studies of the
effect of lasers on bone and root cementum have been
mixed. Thermal side effects—melting, cracking and car-
bonization of the root—have been reported with the use
of CO, and Nd:YAG lasers.'>"

Reports in medical and veterinary journals com-
paring lasers and scalpels with respect to swelling, pain
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and wound healing have found that lasers may result in
better outcomes.> However, it is difficult to apply this in-
formation to dental situations, as most of these trials use
a power setting 5 to 12 times that used in the oral cavity."?
Furthermore, the tissues primarily studied have been
dermis and muscle distant from underlying bone.

Nonsurgical Periodontal Therapy

The use of lasers as an adjunct or alternative to
conventional mechanical therapy is based on the claim
that subgingival curettage and eradication of pathogenic
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bacteria will produce a sterile field, leading to elimination
of periodontal pockets.

Subgingival curettage, with or without a dental laser,
was originally designed to promote new connective tissue
attachment to the root by removing diseased pocket
lining."® It has often been performed in conjunction with
scaling and root planing (SRP), as a closed procedure.
In other words, it does not allow better access for de-
bridement or the improved visibility needed to achieve
complete mechanical removal of plaque, calculus and
bacterial biofilm. Research has shown that, regardless
of the method used (lasers, ultrasonics or hand instru-
ments), curettage has no additional benefit over SRP
alone and, thus, has no justifiable application during
active therapy for chronic periodontitis.**

The evidence supporting the claim that lasers ster-
ilize periodontal pockets' and, therefore, promote re-
attachment of previously diseased connective tissue to
root surfaces is equally weak. A reduction in periodontal
pathogens in and of itself is an insufficient measure of
success. The gold standard in determining efficacy of
nonsurgical periodontal therapy is gain in clinical attach-
ment level. Although there is good evidence that laser
energy can reduce or eliminate bacterial plaque, probing
depths and levels of subgingival microbes are important
only if they are associated with an increase in the degree
of clinical attachment.

Photodynamic therapy is another purported use
of lasers in nonsurgical periodontal therapy, based on
the premise that excitation of photosensitive dyes by
light promotes destructive action in biological systems.
Bacteria are killed by visible light (i.e., lasers) in the
presence of a sensitizing dye. The primary use of photo-
dynamic therapy is as an alternative to chemotherapy or
radiotherapy. In July 2009, a simple search of PubMed
using the search terms “periodontal diseases”’[MAJR]
AND “photodynamic” with limits of “human,” “abstract”
and “clinical trial” resulted in 20 articles. Despite the
search limits, 9 were animal studies, 4 bench-top (in vivo)
studies, 1 interview and 1 study of endodontic lesions.
Among the 4 randomized controlled clinical trials,'*** all
had a very small sample size and none found a clinically
significant difference between SRP alone and SRP with
the addition of photodynamic therapy. A review article?
had been published before all but 1 of the clinical trials.
Although this does not constitute a thorough, systematic
search of the literature, it illustrates the limitations of the
clinical evidence supporting photodynamic therapy.

There is a striking dearth of high-quality clinical
research examining the effect of laser use in nonsurgical
debridement to improve periodontal outcomes, with or
without adjunctive photodynamics. A comprehensive
review’ commissioned for the American Academy of
Periodontology located 278 articles on the use of lasers
in periodontics published before 2006. Fewer than 10%
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were longitudinal or randomized controlled clinical trials
(n = 20 and 3, respectively). Most of the articles (32%)
were reviews.

More recently, 2 systematic reviews of the litera-
ture identified 19 randomized controlled clinical trials
(Table 2). Schwarz and colleagues' examined 11 studies
of the clinical effects of laser therapy compared with
mechanical debridement in patients with chronic peri-
odontitis. One study compared the effect of a combina-
tion of CO, and Nd:YAG laser monotherapy with that
of ultrasonic scaling. Three reported the effects of diode
laser in addition to hand instrumentation. A further 7
examined Er:YAG therapy, with and without feedback
systems (and using a variety of fibre tips and energy set-
tings). None of these trials found laser therapy—alone or
as an adjunct to SRP—improved periodontal outcomes
compared with SRP alone. There were no statistically
significant differences in microbial levels, attachment
gain, bleeding indices or pocket depth reduction in 10 of
the 11 studies. In the 1 study that demonstrated a greater
attachment level gain after laser therapy plus mechanical
debridement, the difference (< 0.5 mm) was not clinically
significant.

Most of these studies did not document adverse
effects. Four reports on Er:YAG laser therapy reported
postoperative healing for both the laser and nonlaser
groups as uneventful. In 1 study, patients preferred ultra-
sonic treatment over laser instrumentation. Another re-
ported no difference in postoperative pain between SRP
and laser therapy.

Slot and colleagues’ reviewed 8 studies of the addi-
tional effect of pulsed Nd:YAG laser in nonsurgical
periodontal therapy. Of these, 2 studies compared the
Nd:YAG laser alone with SRP; 1 compared lasers with
ultrasonic instrumentation and 1 with sham therapy (in-
serting the fibre tip into the pocket without irradiation);
4 compared laser therapy plus SRP with SRP alone. In
1 study, 4 groups measured the effect of order of treat-
ment (laser alone, laser followed by SRP, SRP followed by
laser and SRP alone). None of the studies found that laser
therapy was more effective than traditional instrumen-
tation with ultrasonic or hand instruments in terms of
plaque reduction, pocket reduction, decreased bleeding
or gain in clinical attachment levels.

Even though lasers received United States Food and
Drug Administration clearance for soft tissue removal
(as in gingivectomy/gingivoplasty), approval does not
apply to the treatment of bacterially induced chronic
periodontal diseases. It is important to note that Canada’s
Food and Drugs Act regulates medical devices by a dif-
ferent set of standards than new pharmaceutical prod-
ucts, for example. This act is concerned with consumer
safety and compliance with ISO standards, rather than
efficacy.
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Conclusion

Although there appear to be many claims surrounding
the use of laser therapy in addition to or in place of trad-
itional therapy, there is no evidence that any laser system
adds clinical value over and above SRP and conventional
surgical treatment. No long-term clinical studies have
shown that laser therapy alone can be used effectively to
treat adult chronic periodontitis. Such therapy does, how-
ever, add to patient cost for periodontal therapy. #
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