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Abstract

Actually, there are different types of lasers that can be used in dentistry, being 
the diode laser one of the most popular. The therapies in which diode laser is used are 
photothermic therapy, which is subdivided into low- and high-intensity photothermal 
therapy and photodynamic therapy. Photothermic therapy is based on an increase in 
local temperature, allowing the incision, excision, ablation, and vaporisation of the 
tissues, as well as haemostasis and coagulation of lesions. It also produces bacterial 
decontamination through thermal photo disinfection. Low-intensity photothermic 
therapy also achieves an analgesic, anti-inflammatory, and healing effect. On the 
other hand, photodynamic therapy facilitates bacterial decontamination through acti-
vated photodisinfection in combination with a photoactive substance. These therapies 
can be used in a separate way or combined, obtaining different results depending on 
the tissue in which they are applied and according to the technical specifications used. 
Therefore, the diode laser, thanks to its versatility, applicability, and good clinical 
results in specialities such as endodontics, periodontics, surgery, or implantology, 
should be considered as an implement of transversal application in contemporary 
dentistry.

Keywords: dentistry, diode laser, photothermal therapy, photodynamic therapy, 
cellular biostimulation

1. Introduction

The application of laser in medicine is one of the most used and developed treat-
ments in recent years. It was first introduced to the health field in dermatology in 
1960 [1]. Laser technology is developing very rapidly, allowing for the diversification 
of lasers in the field of dentistry. The word LASER as it is commonly known today, 
comes from the initials of its acronym: “Light Amplification by Stimulated Emission 
of Radiation”. The laser is an electro-optic device that, when stimulated, emits a beam 
of monochromatic light with high-intensity energy [2].

Dermatology was the first medical speciality to introduce laser therapy in 1995. 
That is when the clinical uses and limitations were presented. The main function 
with which it was presented was selective photothermolysis in common vascular and 
pigmented conditions of the skin and mucous membranes, including infants and 
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children. The results were effective and quickly evaluated, being incorporated into 
the daily practice of the moment [1].

Lasers were introduced into the field of clinical dentistry with the hope of over-
coming some of the drawbacks posed by conventional dental procedure methods [3]. 
Among the first studies such as that of Maiman et al. in 1960 [4] about the first opera-
tive laser, already introduced the use of the laser itself in the world of dentistry. The 
first laser studies on dental tissues, such as the one carried out by Stern and Sognnaes 
in 1965, already reported significant clinical effects on tooth structure in vivo and in 
vitro with the ruby laser. In these articles, the absence of heat harmful to oral tissues 
or sensitive dental pulp has already been demonstrated [5].

Nowadays, dental lasers are widely used in the dental field around the world, 
allowing patients to be provided with high-quality treatments in minimally invasive 
dentistry [6, 7].

1.1 Mechanism of action

A laser is a device that produces coherent electromagnetic radiation. Therefore, 
light amplification by stimulated emission of radiation, known as LASER for short, is 
an electro-optic device that produces a narrow and highly energised monochromatic 
beam of radiation of a specific wavelength. Depending on the wavelength of the laser 
and where it is applied, different optical phenomena may occur [8].

It is light, so it has the basic properties of optics, such as transmission, absorption, 
reflection, and refraction. The absorption by the tissues of the incident light energy 
on the irradiated tissues will be the one that releases their energy [2]. The emitting 
units of laser energy allow for the variation of some parameters related to the amount 
of energy released per unit of time, or what is the same, the power. The handpieces 
that will facilitate the transport of energy to the target tissue are usually provided 
with optics that will allow us, depending on the distance of application, to concen-
trate or distribute the laser energy on a smaller or larger application surface [9]. Thus, 
when we apply a certain amount of energy per unit of time, we obtain a higher power 
density on a small surface than when we apply it to a larger surface. Power density will 
determine different effects on the same tissue [10].

The emitting units of laser energy allow for the variation of some parameters 
related to the amount of energy released per unit of time, or what is the same, the 
power. The handpieces that will facilitate the transport of energy to the target tis-
sue are usually provided with optics that will allow us, depending on the distance 
of application, to concentrate or distribute the laser energy on a smaller or larger 
application surface. Thus, when we apply a certain amount of energy per unit of time, 
we obtain a higher power density on a small surface than when we apply it to a larger 
surface. Power density will determine different effects on the same tissue [10, 11].

2. Laser in dentistry

2.1 Types of lasers most used in dentistry

Lasers in dentistry are diverse and, as mentioned above, will be specific accord-
ing to the target tissue to be treated. That is why they will be divided into specialities 
to talk about the most used in each of the areas. Specifically in oral implantology 
and periodontology, they are the CO2 laser, the diode laser, the Nd: YAG laser and 



3

Introduction to Diode Laser Therapies in Dentistry
DOI: http://dx.doi.org/10.5772/intechopen.1004531

the Er: YAG laser. These have, in this area, as main utility, debridement treatments, 
subgingival curettage (in scaling and root planing), and periodontal surgeries such 
as open flap, which are complementary to mechanical debridement. Other surgical 
procedures found with these lasers are bone recontouring, and implant maintenance, 
in prophylaxis of mucositis or peri-implantitis [12, 13]. Nd:YAG lasers have the 
advantage of being used whether or not they come into contact with the medium to 
be treated. Er: YAG lasers are mostly used in the decontamination of implant surfaces 
without causing any detrimental effect on the surrounding bone. In those treatments 
on teeth, it has been shown that CO2 lasers are safe for use on hydroxyapatite, the 
main dental component [14, 15].

2.1.1 CO2 laser

The CO2 laser belongs to the group of high-power lasers. Its medium is the gaseous 
state, and it has a wavelength of around 9600–10,600 nm. Its waveform is described 
as continuous superpulsed. Due to its characteristics, it is absorbed by soft tissues, 
producing temperature increases of around 1700°C in the target tissue. As an advan-
tage, it presents less heating in the adjacent tissues with respect to other less surface-
absorbed lasers [9, 16].

The main use of the CO2 laser in dentistry is focused on the specialities of oral 
implantology and periodontics, as well as the diode laser, the Nd:YAG laser and the 
Er: YAG laser. Specifically for tissue cuts such as incision, soft tissue ablation, and 
gingival de-epithelialisation in periodontal regenerative procedures. In addition, in 
the treatment of dental implants for disinfection, bone recontouring, and the mainte-
nance of implants, in the prophylaxis of mucositis or peri-implantitis [17].

2.1.2 Nd:YAG laser

The neodymium:yttrium-aluminium-garnet (Nd:YAG) laser belongs to the group 
of high-power lasers. Its medium is the solid state, and it has a wavelength of around 
1064 nm. Its waveform is pulsed. As a disadvantage, studies point out that both the 
Nd:YAG laser and the diode laser present a risk of thermal accumulation in adjacent 
tissues, since they are not well absorbed by soft tissues. That is why they should not 
exceed 65°C to avoid necrosis of the same [9].

The use of the Nd:YAG laser in dentistry is focused on the specialities of oral 
implantology and periodontology, as well as the diode laser, the CO2 laser and the 
Er: YAG laser. It is also used in dental therapy, specifically for tissue cuts such as inci-
sion, soft tissue ablation, haemostasis, periodontal decontamination, and in dental 
therapy for vaporisation of incipient caries, treatment of dentin hypersensitivity, and 
root canal decontamination in endodontics [9, 18].

2.1.3 Er: YAG laser

The Erbium, yttrium-aluminium-garnet (Er: YAG) laser’s waveform is described 
as continuous pulsed. Its medium is the solid state, and it has a wavelength of around 
2940 nm [10].

Among the main uses are tissue cuts such as incision, soft tissue ablation, 
haemostasis, periodontal decontamination, and in dental therapy for vaporisation of 
incipient caries, treatment of dentin hypersensitivity and root canal decontamina-
tion in endodontics. The biomechanical preparation of the root canal is carried out 



Frontiers in Periodontology – New Directions and Emerging Therapies

4

in a conventional way, but there are publications in which Er, Cr:YSGG or Er: YAG 
lasers are used for this purpose. Both the Er: YAG laser and the Er, Cr:YSGG laser have 
shown high disinfection in exposed dentin, where it is common to find smears with the 
presence of bacteria, that is, caries [8].

2.1.4 Diode laser

The diode laser corresponds like the previous ones, to high-power lasers. This type 
of laser is not visible, and the transmission is by fibre optics and infrared, continuous 
wave. It shows variations in its wavelength presentation, from 810 to 980 nm. Hence, 
it is versatile in its forms [19]. Depending on their power, diode lasers can be classified 
into two large groups. Low-power diode lasers are also called soft lasers due to their 
low energy. They emit in the region of the near-infrared or red spectrum (632.8, 670 
and 830 nm wavelength), with an average power of 1–100 mW. Its main clinical appli-
cations are based on its biostimulatory effect and its analgesic-anti-inflammatory 
effect. The other type of diode laser is High Power. Lasers with powers between 1 and 
15 W or higher and with a wavelength between 810 and 980 nm. In accordance with 
international classifications regarding the safety measures to be taken into account 
when using these devices, the European Union (ISO) and the United States (ANSI) 
regulations consider the diode laser a type IV laser [8, 9].

2.2 Laser therapies

In addition to the physical foundations of laser operation, the response of the 
tissues to laser light must also be taken into account. The oral cavity is a very complex 
application area for laser therapy [16]. This is due to the fact that it has highly dif-
ferentiated and specialised areas. Hard and mineralised tissues such as teeth or bone 
tissue, as well as soft tissues. All these structures have different optical characteristics 
and will not respond in the same way to the same laser or the same wavelength [20].

Treatment guidelines, and therefore therapies, depend on the laser used and the 
thermal effects to be achieved on the target tissue. In order to advance in the under-
standing of laser therapy in oral tissues, it is necessary to understand, first, the main 
photobiological effects. These are the effects that the laser beam produces when it is 
absorbed by the oral tissues. The main photobiological effects are photothermal and 
photochemical effects [21]. The most widely used diode laser therapies are based on 
these two principles.

3. Photothermal diode laser therapy

Photothermic therapy was the first to be studied; lasers produce a thermal effect 
on tissues, which translates into very precise cuts, vaporisation, and coagulation of 
small blood vessels [16]. This therapy is based on the conversion of light energy into 
thermal energy, increasing the temperature in the tissues and producing injuries that 
will depend on the degrees reached [8, 20].

Photothermic therapy can be divided into two distinct varieties. High- and 
low-intensity photothermal therapy [22]. Although both employ the same principle 
of thermal energy, high-intensity therapy derives its benefits from increasing the 
temperature produced by the laser beam in the tissues, while low-intensity therapy 
focuses more on cellular biostimulation instead of temperature (Table 1).
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3.1 High-intensity diode photothermal therapy

3.1.1 Mechanism of action

In order to perform high-intensity photothermal therapy, it is necessary to have 
a diode laser capable of emitting a wavelength between 810 and 980 nm and with 
powers between 1 and 15 W. The photothermal interaction is characterised by an 
increase in local temperature induced by the action of the laser [6, 7]. Thus, the 
main photothermal interactions are tissue incision/excision, ablation/vaporisation, 
and haemostasis/coagulation. The light energy contacts the tissue for a certain time 
(exposure time) and produces a thermal interaction [5–7, 18].

Depending on the temperature reached, the effect will vary. Bacterial inactivation 
occurs when the temperature reaches 37–50°C [21]. When the temperature rises to 
60–70°C, protein coagulation and denaturation are observed [6, 7, 13]. If the tem-
perature is 100°C, the histological water vaporisation occurs in a phenomenon called 
vaporysis, a process that results in tissue ablation [21]. In the event that the thermal 
process exceeds 200°C, an effect called carbonisation occurs, where the carbon devel-
ops as the final product of thermolysis and acts by dissipating heat, causing potential 
trauma to the adjacent tissues [16, 18].

3.1.2 Main indications

The first speciality in dentistry to implement the use of diode laser photothermal 
therapy was surgery, and today, it continues to be one of its main indications for use 
[8, 9]. When the use of the diode laser was implemented in this speciality there was 
already experience in the use of the CO2 laser; however, a less aggressive laser with 
soft tissues was necessary and one that was safe to use close to the teeth since the 
diode laser is less absorbed by the water of the mineralised tissue. The main advantage 
of the diode laser in surgery is its great haemostatic cutting effect, which makes it 
ideal when excision is intended, limiting bleeding [23]. However, the diode laser can 
be used to perform all types of soft tissue surgeries such as the removal of benign 
lesions. Especially indicated for soft tissue injuries near the teeth. In most cases, the 
lesions heal by the second intention, so there is no need for a suture [24]. We can suc-
cessfully use the diode laser in the treatment of excision of a wide variety of benign 
tumours of the oral cavity, such as papillomas, ranulas, mucoceles, fibromas, focal 
epithelial hyperplasia of the oral cavity, recurrent aphthae, epulis, melanic spots, etc. 

Diode laser therapy Mechanism of action Biological effect

Photothermal laser 
therapy

High-intensity photothermal 
therapy

Thermal energy Bemostatic cut
Coagulation
Bactericidal and 
bacteriostatic

Low-intensity photothermal 
therapy

Photon-cell interaction Cell biostimulation
Analgesic
Anti-inflammatory

Photodynamic 
therapy Photochemical therapy Photochemical reaction Bactericidal and 

bacteriostatic

Table 1. 
Summary of diode laser therapies.
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Therefore, the main advantages of diode laser in surgery are less postoperative swell-
ing, improvement in tissue healing and reduction in scar formation [11, 23].

Another speciality in which diode laser photothermal therapy is widely used is peri-
odontics. The main benefit sought with the application of lasers in periodontics is bacte-
rial decontamination [25]. It is a great help in areas of difficult access where the benefit 
of conventional treatments is more limited, such as furcations or deep pockets [26]. One 
of the most used lasers in periodontics is Er: YAG, with its bactericidal effects against 
periodontopathogenic bacteria [27]; it also eliminates bacterial endotoxins and the 
temperature reached by the cement was kept within clinically safe limits for dental pulp 
[26, 27]. However, the root morphology obtained after instrumentation with the Er: YAG 
laser has been the subject of study, since it has been reported that the root surfaces 
treated with this laser show an irregular, chalky appearance with isolated craters, which 
could favour bacterial recolonisation [28]. The current lines of research are focused on 
the use of the diode laser since its bactericidal efficacy has been well documented [29]. 
Mainly in colonies of Actinobacillus actinomycetemcomitans, this bacterium is associated 
with the most aggressive forms of periodontal disease, and diode laser can be an aid 
where the classic treatment of scaling and root planing is less effective [16, 26].

Photothermic therapy with diode laser in implantology has been used mainly for the 
treatment of peri-implant pathologies [16, 18, 26]. The term “peri-implant diseases” 
collectively refers to the inflammatory processes that take place in the tissues surround-
ing an implant [30] and follow the same principles as in the speciality of periodontics, 
seeking its bactericidal effect and tissue biostimulation. The evidence obtained in 
experimental studies in animals and humans shows that the main etiological factor 
involved in the development of peri-implant pathologies is the accumulation of biofilm 
[31, 32]. However, despite the fact that the evidence in periodontal studies demonstrated 
the bactericidal effectiveness of the diode laser and its safety in periodontal and dental 
tissues, it was necessary to investigate its interaction with the titanium structure of 
dental implants to allow its use in implantology [16, 18]. This interaction is observed 
in a study carried out by Romanos et al. In 2000, they compared in vitro the effects of 
Nd:YAG and diode lasers (980 nm) on titanium discs that simulated dental implants. 
Their results were that, contrary to what happened with the Nd:YAG laser, the discs 
subjected to the diode laser were not damaged or modified [33]. Showing, therefore, 
that the diode laser does not change the surface of dental implants and that it can be used 
in the treatment of peri-implant diseases. Several studies have reported better results in 
the resolution of peri-implant pathologies by adding diode laser photothermal therapy 
to mechanical debridement [32]. This is due to its bactericidal effect against the main 
periodontopathogens together with its ability to biostimulate tissue in deep layers [33]. 
These characteristics allow the laser to act against the main etiological factor of peri-
implant pathologies in addition to favouring the response of the tissues to the treatment 
[24]. However, although the results are promising, more research is needed to determine 
if photothermal diode laser therapy can alleviate the limitations of conventional therapy 
in the treatment of these pathologies [32, 34]. Figure 1 shows the 300 μ optical fibre tip 
of the 890 nm diode laser being used in the treatment of peri-implant mucositis.

Similar to how it occurs in periodontics and implantology, the bactericidal 
effect of the diode laser can also be used in the endodontic treatment of teeth [34, 
35]. One of the main objectives of endodontic treatment is to leave the root canal 
free of microorganisms [36]. For this, different disinfection systems can be used, 
and the diode laser is one of them. However, caution must be taken to prevent 
possible thermal damage generated by the laser on the periodontium or the tooth 
itself. Photothermal disinfection of root canals can increase root canal dentin 
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temperatures, but periodontal fluid circulation has a cooling effect on the outer 
root surface, reducing the risk of potential thermal injury to periodontal tissue [37]. 
Several studies have shown that this laser can be used with up to 4.5 W of power with 
an exposure time of 60 seconds, achieving a correct bacterial elimination from the 
canal (Table 2) [38].

3.1.3 Contraindications

The main contraindications of diode laser photothermal therapy derive from one 
of its main characteristics, which is the high penetration of the thermal action in deep 
layers [24]. This effective penetration of the laser is what allows biostimulation of 
oral soft tissues; however, it can be a disadvantage on certain occasions. For example, 
its use in the removal of premalignant or malignant lesions is more limited due to the 
high penetration capacity of the laser, which will cause an area of cellular biostimula-
tion in deep tissue layers [9, 11]. This could lead to a recurrence of the lesion if it 
were not completely excised with wide margins of safety. For the treatment of these 
lesions, the use of the CO2 laser is more indicated [10].

Another element to take into account, especially in surgery, is that its haemostatic 
effect is much lower compared to the CO2 laser, so it will only be useful for excision 
of superficial lesions, and it will not be recommended for excision of angiomatous 
lesions or for surgical interventions in which profuse bleeding is expected [23].

The diode laser is also not indicated for taking biopsies [10]. Because the use of 
laser with a marked thermal effect can alter the structure of the margins of the lesion 
and make the anatomopathological analysis of the sample difficult, in these cases, it is 
more advisable to use a cold scalpel [24].

Figure 1. 
Fox III diode laser (a.R.C. Laser GmbH, Nürnberg, Germany) 300 μ optical fibre tip being used in the treatment 
of peri-implant mucositis.

Oral Surgery Periodontics Implantology Endodontics

•	 Remove benign 
oral lesions

•	 Haemostatic cut

•	 Coadjuvant treatment of 
periodontal disease

•	 Coadjuvant treatment of 
peri-implant pathologies

•	 Root canal 
desinfection

Table 2. 
Main indications in dentistry for high inesity photothermal therapy.
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Regarding the use of diode laser in the treatment of periodontal diseases and peri-
implant pathologies, although it can be used as an adjunctive treatment in the man-
agement of these pathologies, it should never be used as an alternative to mechanical 
debridement [20, 26]. Conventional nonsurgical treatment based on mechanical 
debridement continues to be, as occurs in periodontics, the gold standard treatment 
[32, 39]. This is due to the fact that the bactericidal action of the laser is not capable of 
showing its efficacy without prior destructuring of the biofilm [26, 40]. Laser therapy 
therefore constitutes an aid to mechanical decontamination through thermal decon-
tamination [40]. In a very similar way, it has also been shown that the use of the diode 
laser cannot replace the chemical disinfection obtained in endodontics with products 
such as sodium hypochlorite. In this way, it also constitutes an adjunctive treatment 
for the disinfection of the root canals [35].

3.2 Low-intensity photothermal therapy

3.2.1 Mechanism of action

Low-level light/laser therapy (LLLT) is the application of light (usually delivered 
via a low-power laser or light-emitting diode; LED) to promote tissue repair, reduce 
inflammation or induce analgesia [41]. The basis of low-intensity photothermal 
therapy is that its activity on tissues is not due to thermal effects but to the interaction 
of electromagnetic waves with cells [8]. This laser therapy uses the action of light and 
light alone to directly stimulate host cells in order to reduce inflammation, relieve 
pain and/or promote wound healing [41]. The therapy uses low-power lasers, also 
called soft lasers. These emit in the region of the infrared spectrum near red (632, 670 
and 830 nm), with powers lower than 0,5 W or with lasers of higher emission power 
but used in defocused mode [9]. Its basic applications in health sciences are based on 
its tissue biostimulation effects and its anti-inflammatory analgesic action [42].

The mechanism of action of low-power laser therapy is based on cellular bios-
timulation. The photon-cell interaction mechanism consists of biomodulating tissue 
cells by supplying them with laser light, causing effects at a cellular level [43]. These 
effects occur due to the absorption of photons of a certain wavelength by the cellular 
photoreceptors, causing the transformation of the functional and metabolic activity 
of the cells [44]. In fact most of the effects of this biomodulation can be explained by 
light absorption within the mitochondria [41, 45].

The effect of photobiomodulation is based on its action on energy reserves in 
the adenosine triphosphate (ATP) in cells [45]. When the cell is damaged, these 
reserves decrease, and therefore, its metabolic activity is altered. The laser radia-
tion acts directly on the photoreceptors of the respiratory chain, facilitating the 
conversion of adenosine diphosphate (ADP) to ATP [44]. Increased ATP stores 
facilitate the general activation of cellular metabolism. In turn, DNA is activated 
by ATP and protein synthesis begins, which results in the formation of structural 
proteins [41]. As laser radiation acts as an activator of protein synthesis and 
therefore of cell function, the processes of cell division and multiplication are 
accelerated [44]. This phenomenon could be responsible for the improvement in 
tissue healing when this therapy is used.

Laser energy is absorbed more easily where the concentration of fluids is greatest. 
Therefore, there will be a greater absorption in the inflamed and oedematous tissues, 
stimulating the numerous biological reactions related to the wound repair process 
[45]. Therefore, the biostimulatory effects of laser irradiation, such as higher cell 
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proliferation and wound healing, may have interesting applications in current therapy 
approaches such as promotion of wound healing and reduction of inflammation as 
well as pain relief [41].

The effects of biostimulation by low-intensity laser therapy on cell metabolism are 
reflected at the clinical level. It has been documented that the activation and prolif-
eration of human gingival fibroblasts, periodontal ligament cells, osteoblasts and 
mesenchymal stem cells, and the release of growth factors in vitro, were enhanced 
by low-level laser irradiation, according to several studies [16, 46, 47]. Reductions 
in inflammation have also been reported, and several in vitro studies indicated the 
reduction of proinflammatory molecules, such as prostaglandin E2, interleukins and 
tumour necrosis factor-alpha [48, 49]. Low-level laser therapy has been reported to 
promote osteogenesis, and several in vitro studies have shown that laser irradiation 
could promote bone nodule formation by inducing osteoblast proliferation and dif-
ferentiation [50, 51]. This evidence has also been demonstrated in in vivo studies, and 
several histological studies indicated an increase in angiogenesis and the formation of 
connective tissue, also observing an increase in the formation of new bone in the site 
treated with laser, compared to the non-treated controls [52, 53].

3.2.2 Main indications

Dental applications for low-intensity photothermal therapy are not well docu-
mented; however, more studies are now being reported. In fact, we now have 
promising data for the application of this diode laser therapy in a number of dental 
specialities including endodontics, periodontics, orthodontics, and maxillofacial 
surgery, as described below [41].

In surgery, it can be used after especially complex extractions to reduce pain, 
oedema trismus, and inflammation. It can also be used to promote osteogenesis after 
tooth extraction because laser-irradiated extraction wound healing showed different 
characteristics from those of the normal healing process, suggesting the promotion of 
healing [54, 55]. In periodontics, the anti-inflammatory effect reduces the deteriora-
tion of periodontal tissues, reduces inflammation, and facilitates the hygienic phase, 
polished scaling and root planing or periodontal surgical treatments [56, 57]. In 
implant therapy, low-level laser therapy applied after conventional techniques shows 
promise for increased and faster osseointegration of implants following irradiation 
[16]. This therapy can also be useful in the treatment of peri-implant pathologies, 
since if it is used as an adjunct to conventional therapy [58], it could favour the reduc-
tion of inflammation and contribute to osteogenesis and tissue regeneration [41]. This 
treatment is shown in Figure 2.

Another important application of low-intensity photothermal therapy is in 
orthodontics. The essence of orthodontics is based on causing dental or orthopaedic 
movements by applying controlled forces. The use of laser has been studied to accel-
erate tooth movement by favouring bone remodelling due to its biostimulation effect, 
which allows orthodontic treatments to be performed in less time [59]. In addition, its 
anti-inflammatory and analgesic effect has proven to be effective, not only reducing 
treatment time but also reducing the pain and inflammation inherent to these types of 
treatment [60].

In oral pathology, this therapy is used for the stimulation of the physiological 
response of tissues. Its use in the treatment of various injuries has been described [46]. 
In the case of herpes simplex, soft lasers produce a similar effect to acyclovir, and it has 
been shown that if 2 J/cm2 is applied in the prodromal phase, the blisters are likely to 
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disappear in 2–3 days with little discomfort, instead of 8 to 14 days. Low-intensity laser 
therapy also appears to reduce the frequency of recurrence and the rate of relapse. The 
main advantages of herpes simplex laser treatment appear to be the absence of side 
effects and drug interactions, which are especially useful for older and immunocompro-
mised patients [61]. It has also been documented in the management of herpes zoster, 
trigeminal neuralgia, and recurrent aphthous stomatitis [41, 62]. The diode laser acts as 
an analgesic relieving pain, and in some cases, such as canker sores, it also shortens the 
healing time [41]. Another important application in oral medicine is its use in oral muco-
sitis, since these ulcerative-type oral lesions produced by radiotherapy or chemotherapy 
can compromise the quality of life and nutrition of patients. Diode lasers, in conjunction 
with low-intensity laser therapy, have been shown to reduce the severity of oral mucositis 
and can be used prophylactically before radiation. Once produced, the lesions provide an 
analgesic effect and accelerate healing (Table 3) [63].

3.2.3 Contraindications

The main contraindication of this therapy is its use in malignant or premalignant oral 
lesions. This is because cells with dysplasia have a higher metabolic activity and are much 
more sensitive to biostimulation from laser light. Irradiating these lesions with low-power 
lasers could worsen the degree of dysplasia and stimulate tumour growth [41]. Another 
limitation of this laser therapy is that, as occurred in high-intensity laser therapy, in some 
cases, it must be used as adjuvant therapy, and its use as replacement therapy is more 

Oral Surgery Periodontics Implantology Oral Pathology

•	 Third molar 
extraction

•	 Paraesthesia 
alveolar nerve

•	 Reduced pain, 
reduced swelling, 
improved trismus

•	 Coadjuvant treat-
ment of periodon-
tal disease

•	 Reduced inflam-
mation Improved 
healing

•	 Coadjuvant treat-
ment of peri-implant 
pathologies

•	 Osseointegration of 
dental implants

•	 Reduced pain

•	 Herpes simplex

•	 Herpes Zoster

•	 Trigeminal neuralgia

•	 Recurrent aphthous stomatitis

•	 Oral mucositis

•	 Temporomandibular disorders

Table 3. 
Main indications in dentistry for low-intensity photothermal therapy.

Figure 2. 
Fox III 890 nm diode laser (a.R.C. Laser GmbH, Nürnberg, Germany) diffusor optical fibre tip being used in the 
treatment of peri-implant mucositis.
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limited, for example, in the treatment of periodontal disease or peri-implant pathologies 
[24]. However, even if it does not replace conventional therapies, it could have a coadju-
vant effect that makes a difference in terms of pain management and inflammation.

4. Photodynamic or photochemical therapy

4.1 Mechanism of action

Photodynamic therapy is based on a non-thermal photochemical mechanism. This 
treatment aims to achieve the same bactericidal effects as high-intensity photother-
mal therapy but uses laser emission powers comparable to low-intensity photothermal 
therapy [40]. This is achieved thanks to the interaction of the laser light with the 
photosensitising pigment, and it is important to emphasise that temperature does not 
intervene in this interaction, only the absorption of the wavelength of the emitting 
laser by the photosensitiser [64].

The photodynamic process is therefore based on a photochemical reaction. A pho-
tochemical reaction is one in which light initiates a chemical process [65]. A pigment, 
called a photosensitiser, is used, which selectively reaches the cell or microorganism to be 
eliminated and is irradiated with a wavelength according to the selected pigment [40]. 
For this process to be carried out, the photosensitiser must be administered to the target 
and be irradiated with the specific wavelength; then, it reacts and produces reactive 
oxygen species (ROS) like hydroxyl radicals [64, 66]. These will cause oxidative stress 
that leads to damage or destruction of the cell membranes, causing irreversible biological 
damage. This damage will always be selective since only the selected microorganisms will 
be sensitive to the photosensitiser and therefore affected by this therapy [67].

In recent years, photodynamic therapy has proven to be an effective, noninvasive 
and highly specialised treatment alternative in bacterial elimination [68]. However, 
for the successful elimination of bacteria, some elements must be taken into account. 
As it is an oxygen-dependent process, its usefulness will be limited in areas poor in 
this element. In these cases, photothermal therapy can be a more effective option for 
bacterial elimination [65, 66].

Another key aspect is the choice of photosensitiser and the light source. In anti-
microbial photodynamic therapy, it is essential that the photosensitiser has a high 
affinity for pathogenic microorganisms and also a low binding affinity with the 
cells of the host tissues [65, 69]. Most of the photosensitisers marketed in dentistry 
are made from Methylene Blue, Toluidine Blue, or some of their fractions. Another 
common photosensitiser used in recent years is indocyanine green solution [64]. 
Regarding the light source and laser parameters, these must be specific to activate 
the photosensitiser [66]. Various light sources have been used in the literature, such 
as helium-neon, diode and argon lasers activated by wavelengths between 630 and 
810 nm [64]. However, other combinations of photosensitisers and wavelengths 
appear [67]. The important thing is to emphasise that there must always be an affinity 
between the photosensitiser and the wavelength with which it is irradiated in order 
for photodynamic therapy to be effective and safe [65].

4.2 Main indications

The general indications of photodynamic therapy are clear: to eliminate bacteria, 
fungi, viruses, or fungi resistant to other types of treatments. It is true that the 
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photothermic effect produced by most high-power lasers can produce high decon-
tamination of irradiated areas, but this can involve a high risk of damage to neigh-
bouring structures in the contaminated area [64]. Photodynamic therapy is therefore 
postulated as a more conservative treatment.

Some of its main indications are in the speciality of periodontics and implantology. 
The central role of bacteria in the development of peri-implant pathologies and peri-
odontal disease is well known [70]. Biofilms that colonise tooth surfaces and epithelial 
cells lining the periodontal pocket/gingival sulcus (subgingival dental plaques) are 
among the most complex biofilms that exist in nature [40]. Therapies that improve 
the results of conventional therapies based on mechanical debridement are constantly 
being sought [71]. Systemic use of antibiotics in conjunction with mechanical treat-
ment is a commonly performed treatment modality in periodontology and is regarded 
as a reliable method in the treatment of periodontal diseases [72]. Photodynamic 
therapy has been suggested as an alternative to chemical antimicrobial agents and 
antibiotics to eliminate subgingival species [40]. Microbiological reduction was 
observed in vivo following photodynamic therapy in the treatment of peri-implantitis 
in animal model [73]. Also, it has been observed in randomised controlled trials that 
scaling and root planing, combined with photodisinfection, leads to a reduction of 
pocket depths, bleeding scores and clinical attachment gain in the nonsurgical treat-
ment of periodontitis [74, 75]. However, other similar trials did not obtain statistically 
significant differences in the reduction of clinical parameters applying photodynamic 
diode laser therapy [12, 76]. Therefore, the potential effects of antimicrobial photody-
namic therapy should be studied more extensively to establish the optimal conditions 
during clinical application [72] since recent systematic reviews and metanalysis such 
as the one published by Bashir et al. have reported promising results that encourage 
further research [77].

This therapy can also be used in restorative dentistry. Treatment of cavitated 
lesions involves the surgical removal of the infected tooth structure followed by tooth 
restoration [40]. The antibacterial capacity of the diode laser can be used once the 
cavity to be filled has been made, since the exposed dentin may contain, in addition 
to hydroxyapatite remains, odontoblastic extensions, collagen, and other com-
mon debris of the smear layer, bacteria typical of dentin infection [78]. Therefore, 
photodynamic therapy could be used as a minimally invasive technique to eliminate 
bacteria within carious lesions [40]. Several laboratory studies have demonstrated, 
using toluidine blue, the susceptibility of cariogenic bacteria to photodynamic 
therapy [78–80]. This technique could offer the following benefits: rapid noninvasive 
topical in vivo application of the drug to the carious lesion; rapid bacterial killing after 
a short exposure to light; unlikely development of resistance considering the wide-
spread generic toxicity of reactive oxygen species; and confined killing by restricting 
the field of irradiation and the inherently short diffusion radius of reactive oxygen 
species [40].

Another speciality in which bacterial elimination is a central axis is endodontics. 
The ultimate goal of endodontic treatment is the elimination of infection from the 
root canal system [72]. For root canal treatments, irrigation solutions such as sodium 
hypochlorite are used, constituting a powerful chemical disinfection system that is 
difficult to overcome [81]. However, there are some situations, such as necrotic teeth 
with open apices, where hypochlorite irrigation can reach beyond the apex, penetrat-
ing the tissues adjacent to the apex and producing necrosis of said tissues. It is in these 
cases like this that photodynamic therapy can be used without risk of complications 
[40, 81]. It is true that activated photo disinfection is not higher than that produced 
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by hypochlorite, but the risk involved is much lower [72]. Photodynamic therapy has 
been employed in recent years to target microorganisms in root canals in vitro [82, 83] 
and in vivo [84, 85]. These studies suggested the potential of photodynamic therapy as 
an adjunctive technique to eliminate residual root canal bacteria after standard end-
odontic chemo-mechanical debridement [40]. Thus, in endodontics, the application 
of diode laser photodynamic therapy in specific cases can replace the use of sodium 
hypochlorite to improve the bactericidal effect during the biomechanical preparation 
of the root canal (Table 4) [81].

4.3 Contraindications

For a successful bacterial photoelimination, some factors must be considered, 
e.g., the selection of appropriate photosensitiser, light source and parameters [64]. 
The microorganisms to be eliminated must be known, as well as the characteristics 
of the photosensitiser and the wavelength to which it responds. If the pigment does 
not bind to the microorganisms, it is used in excess or insufficient quantity, or it 
is not irradiated with the specified wavelength, the therapy will not achieve good 
results [81].

Photosensitisers are not universal, and although they are capable of acting on a 
wide variety of microorganisms, some may not be affected. Another limitation is that 
bacteria associate to form dynamic structures called biofilms [72]. This structure, 
where a great variety of bacteria coexist, prevents the photosensitiser from pen-
etrating deeply, with which the bactericidal effect may not be complete. It has been 
suggested, in studies of model systems, that water channels can carry solutes into or 
out of the depths of a biofilm, but they do not guarantee access to the interior of the 
cell clusters [40, 77]. For this reason, we need to deconstruct the biofilm before using 
this laser therapy, as happened in photothemic therapies [77].

5. Future research lines with diode laser

Diode laser technology and its different applications in dentistry date back several 
decades; however, it has been in the last 10 years that it has gained a greater promi-
nence thanks to the great technical development achieved and the materialisation of 
affordable equipment for the dentist. All this advancement has allowed it to be used 
today in many procedures to improve the performance of conventional therapies and 
yet this is not enough. The use of different diode laser therapies should be consoli-
dated with more research. In recent years, progress has been made in this regard as it 
has gained more and more prominence as adjuvant therapy; however, although there 
are several important in vitro [29, 86, 87] and clinical studies [66, 74, 75, 88], more 
research is still needed to address laser therapy from a different perspective.

Periodontics Implantology Restorative Endodontics

•	 Coadjuvant treatment 
of periodontal disease

•	 Coadjuvant treat-
ment of peri-implant 
pathologies

•	 Disinfection of 
cavitated lesions

•	 Coadjuvant to root 
canal irrigation

•	 Root canal irrigation 
with open apex

Table 4. 
Main indications in dentistry for photodynamic therapy.
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More research is needed to study the different diode laser therapies from a histo-
logical, immunological and microbiological point of view [77]. The contemporary 
notion of how oral biofilms are causing oral diseases, such as tooth decay, periodon-
titis, or peri-implantitis, is well summarised by the “ecological plaque hypothesis”. 
According to this hypothesis, it is the interrelation between the bacteria and the host’s 
response that defines health or disease [89]. Current treatment techniques involve 
either periodic mechanical disruption of oral microbial biofilms or maintaining 
therapeutic concentrations of antimicrobials in the oral cavity, both of which are 
fraught with limitations [40].

We know that the true potential of the diode laser lies in its bactericidal capacity, 
either through temperature or photosensitisation, and in its ability to stimulate the 
host’s immune response against that aggression. Therefore, studies are needed to pro-
vide the scientific community with evidence of this potential. Microbiological studies 
compare the bacterial reduction between conventional therapies and the adjuvant use 
of diode laser, immunological studies correlate this bacterial decrease with the activa-
tion of the host’s immune system, and histological studies show how areas irradiated 
with diode laser heal better and with less pain and inflammation than those that have 
not been treated with laser. In summary, more high-quality, randomised controlled 
trials are necessitated before recommendations for use can be made [40, 72, 77]; only 
when we consolidate this knowledge will we be able to understand the clinical effects 
of diode laser therapies.

6. Conclusions

Diode laser therapies have shown promising results in dentistry. For our discipline, 
its potential lies in its bactericidal and biostimulation capacity. However, due to the 
complex field of application that is the oral cavity, more high-quality, randomised 
controlled trials with good methodology are necessary to show the true efficacy of 
these therapies, studies that evaluate the diode laser not only from a clinical perspec-
tive but also from a microbiological and immunological point of view. With solid 
scientific evidence, even today under construction, in the future, clinical protocols 
could be achieved. Therefore, it is now the time to investigate and demonstrate clear 
evidence of clinical efficacy and applicability to show the true potential of diode laser 
therapies in destintry.

Acknowledgements

The authors would like to thank the Faculty of Health Sciences from Universidad 
Europea de Valencia for their help with this book chapter.

Conflict of interest

The authors declare that they have no conflicts of interest.



Introduction to Diode Laser Therapies in Dentistry
DOI: http://dx.doi.org/10.5772/intechopen.1004531

15

Author details

Santiago Arias-Herrera*, Rebeca Sánchez-Martos and Lourdes Alfaro-Ochoa
Faculty of Health Sciences, Department of Dentistry, Universidad Europea de 
Valencia, Valencia, Spain

*Address all correspondence to: santiagoemilio.arias@universidadeuropea.es

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Frontiers in Periodontology – New Directions and Emerging Therapies

16

References

[1] Wheeland RG. Clinical use of laser 
in dermatology. Laser in Surgery and 
Medicine. 1995;16:2-23

[2] España-Tost AJ, Arnabat-Domínguez J, 
Berini-Aytés L, Gay-Escoda C. 
Aplicaciones del láser en Odontología. 
RCOE. 2004;9:497-511

[3] Sargaiyan V, Yadan R, Parihar S, 
Sapat M, SLA B. Lasers in dentistry. 
International Journal of Preventive and 
Clinical Dental Research. 2017;4:304-307

[4] Maiman TH. Stimulated optical 
radiation in ruby. Nature. 1960;187:493

[5] Stern RH, Sognnaes RF. Laser beam 
effect on dental hard tissue. Journal of 
Dental Research. 1964;43:873

[6] Goldman L, Gray JA, Goldman J, 
Goldman B, Meyer R. Effect of laser 
beam impacts on teeth. Journal of 
the American Dental Association. 
1965;70:601

[7] Kinersly T, Jarabak JP, Phatak NM, 
DeMent J. Laser effects on tissue and 
materials related to dentistry. Journal 
of the American Dental Association. 
1965;70:593

[8] Green J, Weiss ASA. Lasers and 
radiofrequency devices in dentistry. 
Dental Clinics of North America. 
2011;55:585-597

[9] Convissar RA. The biologic rationale 
for the use of lasers in dentistry. 
Dental Clinics of North America. 
2004;48:771-794

[10] Dederich D, Busshick R. Lasers 
in dentistry: Separating science from 
hype. Journal of the American Dental 
Association (1939). 2004;135:204-212

[11] Strauss R. Lasers in oral and 
maxillofacial surgery. Dental Clinics of 
North America. 2004;4:851-871

[12] Andersen R, Loebel N, Hammond D, 
Wilson M. Treatment of periodontal 
disease by photo-disinfection compared 
to scaling and root planing. The Journal 
of Clinical Dentistry. 2007;18:34-38

[13] Wilson M, Dobson J, Sarkar S. 
Sensitization of periodonto- pathogenic 
bacteria to killing by light from a low-
power laser. Oral Microbiology and 
Immunology. 1993;8:182-187

[14] Garg A. Lasers in dental 
implantology: Innovation improves 
patient care. Dental Implantology 
Update. 2007;18:57-61

[15] Garg H, Garg V. Peri implantitis and 
lasers: A review. International Journal 
of Biological & Medical Research. 
2012;3:2302-2305

[16] Aoki A, Mizutani K, Schwarz F, 
Sculean A, Yukna RA, Takasaki AA, 
et al. Periodontal and periimplant 
wound healing following laser 
therapy. Periodontology 2000. 
2000;2015(68):217-269

[17] Kato J, Moriya K, Jayawardena JA, 
Wijeye-weera RL, Awazu K. Prevention 
of dental caries in partially erupted 
permanent teeth with a CO2 laser. Journal 
of Clinical Laser Medicine & Surgery. 
2003;21:369-374

[18] Deppe H, Horch H. Laser 
applications in oral surgery and implant 
dentistry. Lasers in Medical Science. 
2007;22:217-221

[19] Perveen A, Molardi C, Fornaini C.  
Applications of laser welding in 



Introduction to Diode Laser Therapies in Dentistry
DOI: http://dx.doi.org/10.5772/intechopen.1004531

17

dentistry: A state of the art review. 
Micromachines (Basel). 2018;9(5):209

[20] Aoki A, Mizutani K, Takasaki AA, 
Sasaki KM, Nagai S, Schwarz F, et al. 
Current status of clinical laser 
applications in periodontal therapy. 
General Dentistry. 2008;56:674-687

[21] Mizutani K, Aoki A, Coluzzi D, 
Yukna R, Wang CY. Lasers in minimally 
invasive periodontal and peri-implant 
therapy. Periodontology 2000. 
2000;2016(71):185-212

[22] Weiner GP. Laser dentistry practice 
management. Dental Clinics of North 
America. 2004;48:1105-1126

[23] Pang P, Andreana S, Aoki S, 
Coluzzi D, Obeidi A, Olivi G, et al. Laser 
energy in oral soft tissue applications: 
Position paper. Journal of Laser 
Dentistry. 2010;18:123-131

[24] Romanos G, Nentwig GH. Diode 
laser (980 nm) in oral and maxillofacial 
surgical procedures: Clinical 
observations based on clinical 
applications. Journal of Clinical Laser 
Medicine & Surgery. 1999;17:193-197

[25] Cobb CM. Lasers in periodontics: 
A review of the literature. Journal of 
Periodontology. 2006;77:545-564

[26] Ishikawa I, Aoki A, Takasaki A, 
Mizutani K, Izumi Y. Application of 
lasers in periodontics: True innovation 
or myth? Periodontology 2000. 
2000;2009(50):90-126

[27] Cobb C, Low S, Coluzzi D. 
Lasers and the treatment of chronic 
periodontitis. Dental Clinics of North 
America. 2010;54:35-53

[28] Schwarz F, Sculean A, Berakdar M, 
Szathmari L, Georg T, Becker J. In vivo 
and in vitro effects of an Er: YAG laser, 

a GaAlAs diode laser, and scaling and 
root planing on periodontally diseased 
root surfaces: A comparative histologic 
study. Lasers in Surgery and Medicine. 
2003;32:359-366

[29] Assaf M, Yilmaz S, Kuru B, Ipci SD, 
Noyun U, Kadir T. Effect of the diode 
laser on bacteremia associated with 
dental ultrasonic scaling: A clinical and 
microbiological study. Photomedicine 
and Laser Surgery. 2007;25:250-256

[30] Zitzmann N, Berglundh T. Definition 
and prevalence of peri- implant diseases. 
Journal of Clinical Periodontology. 
2008;35:286-291

[31] Salvi GE, Sculean A, Lang NP,  
Ramseier CA. Reversibility of 
experimental peri-implant mucositis 
compared with experimental gingivitis in 
humans. Clinical Oral Implants Research. 
2011;23:182-190

[32] Berglundh T, Armitage G, Araujo MG, 
Avila G, Blanco J, Camargo PM, et al. 
Peri - implant diseases and conditions: 
Consensus report of workgroup 4 
of the 2017 world workshop on the 
classification of periodontal and 
peri - implant diseases and conditions. 
Journal of Clinical Periodontology. 
2018;45:286-291

[33] Romanos GE, Everts H, 
Nentwig GH. Effects of diode and Nd: 
YAG laser irradiation on titanium 
discs: A scanning electron microscope 
examination. Journal of Periodontology. 
2000;71:810-815

[34] Matsumoto K. Lasers in endodontics. 
Dental Clinics of North America. 
2000;4:889-905

[35] Saydjari Y, Kuypers T, Gutknecht N. 
Laser application in dentistry: Irradiation 
effects of Nd:YAG 1064 nm and diode 
810 nm and 980 nm in infected root 



Frontiers in Periodontology – New Directions and Emerging Therapies

18

canals: A literature overview. Biomedical 
Research. 2016;2016:8421656

[36] Beer F, Buchmair A, Wernisch J, 
Georgopoulos A, Moritz A. Comparison 
of two diode lasers on bactericidity in 
root canals an in vitro study. Lasers in 
Medical Science. 2012;27:361-364

[37] Walling J, Kirchhoff T, Berthold M, 
Wenzler JS, Braun A. Impact of thermal 
photodynamic disinfection on 
root dentin temperature in vitro. 
Photodiagnosis and Photodynamic 
Therapy. 2021;35:102476

[38] Moritz A, Gutknecht N, 
Goharkhay K, Schoop U, Wernisch J, 
Sperr W. In vitro irradiation of infected 
root canals with a diode laser: Results of 
microbiologic, infrared spectrometric, 
and stain penetration examinations. 
Quintessence International. 
1997;28:205-209

[39] Heitz-mayfield LJA, Salvi GE. 
Peri-implant mucositis. Journal of 
Periodontology. 2018;20:S237-S245

[40] Soukos NS, Goodson JM. 
Photodynamic therapy in the control 
of oral biofilms. Periodontology 2000. 
2011;55(1):143-166

[41] Carrolla JD, Milwardb MR, 
Cooperb PR, Hadisc M, Palin W. 
Developments in low level light therapy 
(LLLT) for dentistry. Dental Materials. 
2014;30:465-475

[42] Smith K. The photobiological basis 
of low level laser therapy. Laser Therapy. 
1991;3:19-24

[43] Chung H, Dai T, Sharma SK, 
Huang YY, Carroll JD, Hamblin MR. 
The nuts and bolts of low-level laser 
(light) therapy. Annals of Biomedical 
Engineering. 2012;40:516-533

[44] Sommer A. Revisiting the photon/
cell interaction mechanism in low-level 
light therapy. Photobiomodulation, 
Photomedicine, and Laser Surgery. 
2019;37:336-341

[45] Karu TI. Mitochondrial mechanisms 
of photobiomodulation in context of 
new data about multiple roles of ATP. 
Photomedicine and Laser Surgery. 
2010;28:159-160

[46] Almeida-Lopes L, Rigau J, 
Zangaro RA, Guidugli-Neto J, Jaeger MM. 
Comparison of the low level laser therapy 
effects on cultured human gingival 
fibroblasts proliferation using different 
irradiance and same fluence. Lasers in 
Surgery and Medicine. 2001;29:179-184

[47] Khadra M, Lyngstadaas SP, 
Haanaes HR, Mustafa K. Effect of laser 
therapy on attachment, proliferation 
and differentiation of human osteoblast 
like cells cultured on titanium 
implant material. Biomaterials. 
2005;26:3503-3509

[48] Gavish L, Perez LS, Reissman P, 
Gertz SD. Irradiation with 780 nm diode 
laser attenuates inflammatory cytokines 
but upregulates nitric oxide in 
lipopolysaccharide stimulated 
macrophages: Implications for the 
prevention of aneurysm progression. 
Lasers in Surgery and Medicine. 
2008;40:371-378

[49] Sakurai Y, Yamaguchi M, 
Abiko Y. Inhibitory effect of low- level 
laser irradiation on LPS-stimulated 
prostaglandin E2 production and 
cyclooxygenase-2 in human gingival 
fibroblasts. European Journal of Oral 
Sciences. 2000;108:29-34

[50] Ozawa Y, Shimizu N, Kariya G, 
Abiko Y. Low-energy laser irradiation 
stimulates bone nodule formation at early 
stages of cell culture in rat calvarial cells. 
Bone. 1998;22:347-354



Introduction to Diode Laser Therapies in Dentistry
DOI: http://dx.doi.org/10.5772/intechopen.1004531

19

[51] Stein A, Benayahu D, 
Maltz L, Oron U. Low-level laser 
irradiation promotes proliferation and 
differentiation of human osteoblasts in 
vitro. Photomedicine and Laser Surgery. 
2005;23:161-166

[52] Merli LA, Santos MT, Genovese WJ, 
Faloppa F. Effect of low-intensity laser 
irradiation on the process of bone repair. 
Photomedicine and Laser Surgery. 
2005;23:212-215

[53] Pinheiro AL, Limeira Junior Fde A, 
Gerbi ME, Ramalho LM, Marzola C, 
Ponzi EA, et al. Effect of 830-nm laser 
light on the repair of bone defects 
grafted with inorganic bovine bone and 
decalcified cortical osseus membrane. 
Journal of Clinical Laser Medicine & 
Surgery. 2003;21:301-306

[54] Pejcic A, Kojovic D, Kesic L,  
Obradovic R. The effects of low 
level laser irradiation on gingival 
inflammation. Photomedicine and Laser 
Surgery. 2010;28:69-74

[55] Markovic AB, Todorovic L. 
Postoperative analgesia after lower third 
molar surgery: Contribution of the 
use of long-acting local anesthetics, 
low-power laser and diclofenac. Oral 
Surgery, Oral Medicine, Oral Pathology, 
Oral Radiology, and Endodontics. 
2006;102(102):e4-e8

[56] Ozawa Y, Shimizu N, Abiko. Low-
energy diode laser irradiation reduced 
plasminogen activator activity in human 
periodontal ligament cells. Lasers in 
Surgery and Medicine. 1997;21:456-463

[57] Makhlouf M, Dahaba MM, 
Tunér J, Eissa SA, Harhash TA. Effect of 
adjunctive low level laser therapy (LLLT) 
on nonsurgical treatment of chronic 
periodontitis. Photomedicine and Laser 
Surgery. 2012;30:160-166

[58] Sánchez-Martos R, Samman A, 
Bouazza-Juanes K, Díaz-Fernández J-M, 
Arias-Herrera S. Clinical effect of diode 
laser on peri-implant tissues during non-
surgical peri-implant mucositis therapy: 
Randomized controlled clinical study. 
Journal of Clinical and Experimental 
Dentistry. 2020;12:e13-e21

[59] Genc G, Kocadereli I, Tasar F, 
Kilinc K, El S, Sarkarati B. Effect of 
low-level laser therapy (LLLT) on 
orthodontic tooth movement. Lasers in 
Medical Science. 2013;28:41-47

[60] Yang JZ, K. Clinical research: 
Low-level laser therapy in accelerating 
orthodontic tooth movement. BMC Oral 
Health. 2021;21:324

[61] Eduardo CP, Aranha AC, Simoes A,  
Bello-Silva MS, Ramalho KM, 
Esteves-Oliveira M, et al. Laser treatment 
of recurrent herpes labialis: A literature 
review. Lasers in Medical Science. 
2012;29:1517-1529

[62] De Souza TO, Martins MA, 
Bussadori SK, Fernandes KP, Tanji EY, 
Mesquita-Ferrari RA, et al. Clinical 
evaluation of LLLT for recurring aphtous 
stomatitis. Photomedicine and Laser 
Surgery. 2010;28:S85-S88

[63] Simões A, Eduardo FP, Luiz AC, 
Campos L, Cristófaro M, Marques MM, 
et al. Laser phototherapy as topical 
prophylaxis against head and neck cancer 
radiotherapy induced oral mucositis: 
Comparison between low and high/
low power lasers. Lasers in Surgery and 
Medicine. 2009;41:264-270

[64] Fekrazada R, Khoeib F, 
Hakimiha N, Bahador A. 
Photoelimination of Streptococcus mutans 
with two methods of photodynamic and 
photothermal therapy. Photodiagnosis 
and Photodynamic Therapy. 
2013;10:626-631



Frontiers in Periodontology – New Directions and Emerging Therapies

20

[65] Salvi GE, Stähli A, Schmidt JC,  
Ramseier CA, Sculean A, Walter C.  
Adjunctive laser or antimicrobial 
photodynamic therapy to non-surgical 
mechanical instrumentation in patients 
with untreated periodontitis: A 
systematic review and meta-analysis. 
Journal of Clinical Periodontology. 
2020;47:176-198

[66] Hill G, Dehn C, Hinze AV, 
Frentzen M, Meister J. Indocyanine 
green-based adjunctive antimicrobial 
photodynamic therapy for treating 
chronic periodontitis: A randomized 
clinical trial. Photodiagnosis and 
Photodynamic Therapy. 2019;26:29-35

[67] Fekrazad R, Karamifar K, 
Bahador A. Comparison of antibacterial 
effect of photodynamic therapy using 
indocyanine green (Emundo) with 2% 
metronidazole and 2% chlorhexidine 
gel on Porphyromonas gingivalis (an 
in-vitro study). Photodiagnosis and 
Photodynamic Therapy. 2016;15:28-33

[68] Takeuchi Y, Aoki A, Hiratsuka K,  
Chui C, Ichinose A, Aung N, et al. 
Application of different wavelengths 
of LED lights in antimicrobial 
photodynamic therapy for the treatment 
of periodontal disease. Antibiotics 
(Basel). 2023;28(12):1676

[69] Katsikanis F, Strakas D, Vouros I.  
The application of antimicrobial 
photodynamic therapy (aPDT, 670 nm) 
and diode laser (940 nm) as adjunctive 
approach in the conventional cause-
related treatment of chronic periodontal 
disease: A randomized controlled 
split-mouth clinical trial. Clinical Oral 
Investigations. 2020;24(5):1821-1827

[70] Caton J, Armitage G, Berglundh T, 
Chapple IL, Jepsen S, Kornman K, et al. 
A new classification scheme for 
periodontal and periimplant diseases 
and conditions – Introduction and key 

changes from the 1999 classification. 
Journal of Clinical Periodontology. 
2018;45:S1-S8

[71] Sánchez-Martos R, Samman A, 
Priami M, Arias-Herrera S. The diode 
laser as coadyuvant therapy in the 
non-surgical conventional treatment 
of peri-implant mucositis: A systematic 
review and meta-analysis. Journal of 
Clinical and Experimental Dentistry. 
2020;12(12):e1171-e1182

[72] Gursoy H, Ozcakir-Tomruk C, 
Tanalp J, Yilmaz S. Photodynamic 
therapy in dentistry: A literature 
review. Clinical Oral Investigations. 
2012;17:1113-1125

[73] Komerik N, Nakanishi H, 
Robert MAJ, Henderson B, Wilson M. In 
vivo killing of Porphyromonas gingivalis 
by toluidine blue photosensitization in an 
animal model. Antimicrobial Agents and 
Chemotherapy. 2013;47:932-940

[74] Chondros P, Nikolidakis D, 
Christodoulides N, Rossler R, 
Gutknecht N, Sculean A. Photodynamic 
therapy as adjunct to non-surgical 
periodontal treatment in patients on 
periodontal maintenance: A randomized 
controlled clinical trial. Lasers in Medical 
Science. 2009;24:681-688

[75] Christodoulides N, Nikolidakis D,  
Chondros P, Becker J, Schwarz F, 
Rössler R, et al. Photodynamic therapy 
as an adjunct to non-surgical periodontal 
treatment: A randomized controlled 
clinical trial. Journal of Periodontology. 
2008;79:1638-1644

[76] Polansky R, Haas M, Heschl A, 
Wimmer G. Clinical effectiveness of 
photodynamic therapy in the treatment 
of periodontitis. Journal of Clinical 
Periodontology. 2009;36:575-580

[77] Bashir NZ, Singh HA, Virdee S.  
Indocyanine green–mediated 



Introduction to Diode Laser Therapies in Dentistry
DOI: http://dx.doi.org/10.5772/intechopen.1004531

21

antimicrobial photodynamic therapy 
as an adjunct to periodontal therapy: 
A systematic review and meta-
analysis. Clinical Oral Investigations. 
2021;25:5699-5710

[78] Giusti JS, Santos-Pinto L, 
Pizzolito AC, Helmerson K, 
Carvalho-Filho E, Kurachi C, et al. 
Antimicrobial photodynamic action 
on dentin using a light-emitting diode 
light source. Photomedicine and Laser 
Surgery. 2008;26:281-287

[79] Zanin IC, Goncalves RB, Junior AB, 
Hope CK, Pratten J. Susceptibility 
of Streptococcus mutans biofilms to 
photodynamic therapy: An in vitro 
study. The Journal of Antimicrobial 
Chemotherapy. 2005;56:324-330

[80] Zanin IC, Lobo MM, Rodrigues LK, 
Pimenta LA, Hofling JF, Goncalves RB. 
Photosensitization of in vitro biofilms by 
toluidine blue O combined with a light-
emitting diode. European Journal of Oral 
Sciences. 2006;114:64-69

[81] Abdelkarim-Elafifi H, Parada-
Avendaño I, Arnabat-Dominguez J. 
Photodynamic therapy in endodontics: 
A helpful tool to combat antibiotic 
resistance? A literature review. 
Antibiotics. 2021;10:1106-1114

[82] Fimple JL, Fontana CR, Foschi F,  
Ruggiero K, Song TC, et al. 
Photodynamic treatment of endodontic 
polymicrobial infection in vitro. Journal 
of Endodontia. 2008;34:728-734

[83] Fonseca MB, Junior PO, Pallota RC, 
Filho HF, Denardin OV, Rapoport A, 
et al. Photodynamic therapy for root 
canals infected with Enterococcus faecalis. 
Photomedicine and Laser Surgery. 
2008;26:209-213

[84] Pinheiro SL, Schenka AA, Neto AA, 
de Souza CP, Rodriguez HM, Ribeiro MC. 

Photodynamic therapy in endodontic 
treatment of deciduous teeth. Lasers in 
Medical Science. 2009;24:521-526

[85] Garcez AS, Nunez SC, Hamblin MR, 
Ribeiro MS. Antimicrobial effects of 
photodynamic therapy on patients with 
necrotic pulps and periapical lesion. 
Journal of Endodontia. 2008;34:138-142

[86] Seal GJ, Spratt D, Bhatti M, 
Gulabivala K. An in vitro comparison 
of the bactericidal efficacy of 
lethal photosensitization or sodium 
hyphochlorite irrigation on Streptococcus 
intermedius biofilms in root canals. 
International Endodontic Journal. 
2002;35:268-274

[87] Dörtbudak O, Haas R, Bernhart T,  
Mailath-Pokorny G. Lethal 
photosensitization for decontamination 
of implant surfaces in the treatment of 
peri-implantitis. Clinical Oral Implants 
Research. 2001;12:104-108

[88] Gandhi KK, Pavaskar R, 
Cappetta EG, Drew HJ. Effectiveness of 
adjunctive use of low-level laser therapy 
and photodynamic therapy after scaling 
and root planing in patients with chronic 
periodontitis. International Journal of 
Periodontics & Restorative Dentistry. 
2020;39:837-843

[89] Belibasakis GN. Microbiological 
and immuno-pathological aspects of 
peri-implant diseases. Archives of Oral 
Biology. 2014;59:66-72


