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be considered: safety, efficacy and effectiveness.
From an ethical standpoint, it is important to use the
best available evidence when making clinical decisions.2

_Diagnostic laser applications

Fig. 1a
Fig. 1a_DIAGNOdent 2095.

_Introduction
In recent years, several studies have been conducted on the clinical applications of laser in dentistry. At the same time, there has been a marked
emergence of organisations in support of the use of
laser in dentistry. In the last decades, laser therapy
has been used in dentistry as an adjunct or alternative to conventional approaches. In this paper, the
following topics will be reviewed: the application of
laser in caries prevention and diagnosis, hard- and
soft-tissue treatments, and periodontal and endodontic procedures. There is a large research effort
into new indications for laser in dentistry. It is expected that laser will become an essential component of the dentist’s armamentarium.
While the technology was regarded as complex
and of limited use in clinical dentistry in the past, a
growing awareness of the usefulness of laser in the
modern dental practice has been observed. Laser can
be used as an adjunct or alternative to conventional
approaches.1 When comparing the use of laser with
conventional therapies, three important areas must
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The most common methods for caries detection
are visual and radiographic examination.3 However,
visual examination is a subjective method that depends on the knowledge and clinical experience of
the examiner.3-6 Several studies have demonstrated
that radiographic examination demonstrates poor
sensitivity to non-cavitated lesions.3, 7-9 For this reason, fluorescence-based methods have been developed, aiming at the detection of occlusal and approximal carious lesions, for example DIAGNOdent
2095 (KaVo; LF; Figs. 1a-c) and DIAGNOdent 2190
(LF pen; Figs. 2a & b). They rely on the same principle:
a laser diode emits red light at 655 nm and a photodetector quantifies the reflected fluorescence
from bacterial metabolites (fluorophores) in carious
lesions, showing values ranging from 0 to 99.3,9
A study that assessed the performance of a visual
method, radiographic examination and fluorescence-based methods in detecting occlusal caries in
primary teeth found that the visual method and
VistaProof fluorescence camera (Dürr Dental; FC)
exhibited better accuracy in detecting enamel and
dentine carious lesions, whereas the visual method
combined with LF, LF pen and FC better detected dentine lesions on occlusal surfaces in primary teeth,
with no statistically significant difference among
them.3
Another study compared the performance of
fluorescence-based methods (FC, LF and LF pen), radiographic examination, and another visual
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method called the International Caries Detection
and Assessment System (ICDAS) II on occlusal surfaces. This study demonstrated that the combination of ICDAS and bite-wing radiographs yielded
the best performance for detecting caries on occlusal surfaces.9

_Caries prevention:
Enhancing enamel resistance
In the past, several in vitro studies have shown
that enhancing enamel demineralisation resistance
can be achieved by irradiation with lasers. In a blind
in vitro study, Ana et al. 20121 compared the effect of
professional fluoride application with that of laser irradiation with regard to the demineralisation of
enamel and fluoride formation and retention. The
study found that both methods enhanced enamel resistance, and no side-effects were found. A greater
concentration of retained calcium fluoride-like material was found in the laser group. Formation and retention of calcium fluoride were also improved with
laser irradiation.
The wavelengths absorbed most strongly by dental enamel are the 9.3 and 9.6 µm carbon dioxide laser
wavelengths. The reduction in acid dissolution of
enamel is said to be caused by a loss of the carbonate
phase of enamel crystals due to the heat of irradiation. Rechmann et al. 201110 demonstrated that
short-pulsed 9.6 µm carbon dioxide laser irradiation
successfully inhibited enamel caries without any
harm to the pulpal tissue of the teeth irradiated. The
efficacy of carbon C02 laser irradiation regarding its
long-term effect on caries resistances can be verified
by further studies.

_Hard-tissue applications:
Caries removal

Fig. 1b_Tip A for occlusal surfaces.
Fig. 1c_Tip B for smooth surfaces.

Fig. 1b

There is limited evidence to support the effectiveness of dental lasers in the removal of caries compared with rotary burs. In order to evaluate this, a systematic review of seven studies with adequate
methodologies was performed.8 Two of the studies

Fig. 1c
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found that there was no difference with regard to
time taken for caries removal and cavity preparation.
Four of the studies found that the laser took up to
three times longer to perform these procedures. Four
of the studies found that there were no differences
between lasers and rotary burs with regard to pulpal
effects. One of the studies found that dentists preferred the bur to the laser, and all the studies found
that patients favoured the laser with respect to comfort. The studies found that adult patients prefer the
laser, although the response from children was inconclusive. The results are not surprising, considering that local anaesthesia is often not needed when
using a laser, making the overall dental experience
more pleasant for the patient.10

_Endodontic laser procedures
(disinfection)
The main causes of endodontic treatment failure
are the presence of persistent micro-organisms and
recontamination of the root canal owing to inadequate sealing.11 The long-term success rate of conventional endodontic treatment depends on several
factors, such as the diverse and complex anatomy of
the root-canal system that consists of small canals
diverging from the main canal. This complex system
does not allow direct access during biomechanical
preparation because of the canals’ positioning and
diameter.6 New antimicrobial approaches to disinfecting root canals have been proposed; these include the use of high-power lasers and photodynamic therapy, which works by dose-dependent
heat generation. However, in addition to killing bacteria, they have the potential to cause collateral
damage such as charred dentine, ankylosed roots,
melted cementum, root resorption and periradicular
necrosis.2
In order to compare the effectiveness of antimicrobial photodynamic therapy with standard endodontic treatment and combined treatment to
eliminate bacterial biofilms present in infected root
canals, a study was conducted on ten single-rooted
freshly extracted human teeth inoculated with stable bioluminescent Gram-negative bacteria. It
found that endodontic therapy alone reduced bacterial bioluminescence by 90 %, while photodynamic therapy alone reduced bioluminescence by
95 %. The combination reduced bioluminescence by
up to 98 %, and, importantly, the bacterial regrowth
observed 24 hours after treatment was much less for
the combination group than for the treatment
groups individually.12
Alternatives to conventional therapies to improve the disinfection of root canals are Nd:YAG and
Er:YAG lasers. One study evaluated the bactericidal
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efficacy of Nd:YAG and Er:YAG lasers in experimentally infected curved root canals and concluded that
in the straight root canals the Er:YAG laser had a
bactericidal effect of 6.4 to 10.8 % higher than that
of the Nd:YAG laser. Conversely, the bactericidal effect of the Er:YAG laser in the curved root canals was
1.5 to 3.1 % higher than that of the Nd:YAG laser.13
These results suggest that further development of
the endodontic laser tip and techniques are required
to ensure its success.
Fig. 2a

_Periodontal laser procedures
(disinfection)
Conventional periodontal therapy procedures
include mechanical scaling and root planing, which
has some limitations, especially in reducing bacteria
inside deep pockets. In order to overcome the limitations of conventional mechanical therapy, several
adjunctive protocols have been developed. Among
these, laser has been proposed for its bactericidal
and detoxification effects and for its ability to reach
sites that conventional mechanical instrumentation
cannot.14
Different lasers could be used in periodontal
therapy for calculus removal, periodontal pocket
disinfection, photoactivated dye disinfection of
pockets and de-epithelialisation to assist regeneration.15
Several studies have indicated that the diode
laser, with a wavelength of between 655 and 980 nm,
can accelerate wound healing through the facilitation of collagen synthesis, promotion of angiogenesis, and augmentation of growth factor release. Furthermore, the diode laser has in vitro bactericidal
and detoxification effects and can prevent ablation
of the root surface, which theoretically reduces the
risk of removal of normal root tissue.13
Sgolastra et al. 201214 did not observe significant
differences for any investigated outcome (clinical
attachment level, probing depth, and changes in the
plaque and gingival indices) in their systematic review. These findings suggest that the use of the
diode laser as an adjunctive therapy to conventional
non-surgical periodontal therapy did not provide
additional clinical benefit. However, given that few
studies were included in the analysis, the results
should be interpreted with caution. Important issues
that remain to be clarified include the influence of
smoking on clinical outcomes, the effectiveness of
the adjunctive use of the diode laser on microbiological outcomes, and the effect of adverse events.
Future studies are required to assess the effectiveness of the adjunctive use of the diode laser, as well
as the appropriate dosimetry and laser settings.

Fig. 2b

Fig. 3

Fig. 2a_Cylindrical tip for occlusal
surfaces.
Fig. 2b_Wedge-shaped tip for
proximal surfaces.
Fig. 3_Infra-red laser therapy for
treatment of a primary herpetic
infection in an adolescent patient
undergoing chemotherapy
(Therapy XT, DMC).

_Soft-tissue applications
There are numerous soft-tissue procedures that
can be performed with laser. Two key advantages of
this are reduced intra-operative bleeding and less
post-operative pain compared with conventional
techniques, such as electrosurgery. Certain procedures in patients with bleeding disorders are better
suited to lasers with greater haemostatic capabilities.5

_Conclusion
Although the results of laser therapy are similar
(in safety, efficacy and effectiveness) to those obtained with conventional methods, new techniques
and devices have been developed. Laser could thus be
an evidence-based and well-supported treatment
option for the dentist in daily dental practice._
Editorial note: A list of references is available from the publisher.
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