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Abstract 
Photobiomodulation (PBM), formerly known as low-level laser therapy (LLLT), has emerged as a non-invasive therapeutic modality in dentistry with a wide range of clinical applications. Utilizing non-ionizing light sources such as lasers and LEDs in the red and near-infrared spectrum, PBM promotes tissue repair, reduces inflammation, alleviates pain, and enhances cellular metabolism through mitochondrial stimulation and modulation of biochemical mediators like ATP, NO, and ROS. This narrative review explores the historical background, mechanisms of action, and diverse applications of PBM in various dental specialties, including periodontics, oral surgery, orthodontics, endodontics, implantology, and the management of oral mucosal lesions and cancers. It also highlights recent advances in accelerated orthodontic tooth movement, regenerative endodontic procedures, and photodynamic therapy in head and neck cancers. With mounting evidence supporting its efficacy and safety, PBM is positioned as a valuable adjunct in modern dental practice. Proper understanding of its mechanisms, wavelength parameters, and dosage protocols is crucial for maximizing therapeutic outcomes while minimizing risks.
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INTRODUCTION
On July 7, 1960, Maiman introduced the "LASER" (light amplification by stimulated emission of radiation) technology at Hughes Research Laboratories in Malibu, California, using a helium and neon mixture [1]. Numerous academics have studied this subject over time, shedding insight on the wide range of applications for lasers in various sectors. It has been shown that the use of lasers in dentistry has enhanced dental procedures. Both soft and hard tissues can be treated with hard lasers such as CO2, Nd: YAG, and Er: YAG. 
Hard lasers provide many benefits, but they also have drawbacks, including the potential for thermal damage to the tooth pulp and their high expense. Moreover, semiconductor diode devices—which are inexpensive devices—are the foundation of cool or soft lasers.
They are frequently referred to as low-level laser therapy (LLT) or biostimulation [2].Lasers have various applications in dentistry, and their use is expanding every day. This is changing how dental care is delivered and how patients live their lives. It performs a wide range of dental procedures effectively.
HISTORY 
In physical review papers published in 1954 and 1955, Charles Townes and his associates first proposed the microwave amplification by stimulated emission of radiation (MASER), which marked the beginning of the laser era. Despite several specialists telling Townes that his innovation would fail, others started working on different versions of his idea, and the first light-emitting MASER, called LASER, was developed in 1960. In 1961, a 1%–3% neodymium-treated yttrium-aluminium-garnet crystal was used to generate the first Nd: YAG. The argon laser was invented in 1962 [3,42]
In 1967, Endre Mester tested the possibility that lasers could cause cancer at Semmelweis University in Budapest, Hungary. For his experiment, he separated the mice into two groups and shaved their backs. One batch received the low-level laser treatment, while the other batch did not. He was shocked to discover that the mice in the group that got low-level laser treatment had grown back their back hair and had no tumours. "Laser bio stimulation" was discovered as a result of the mice exposed to lasers growing more quickly than the mice not exposed [4].
TYPES
There are two types of lasers: low-intensity and high-intensity. 
Another name for high-intensity lasers is warm lasers, which are visible and infrared lasers with wavelengths between 450 and 532 nm and 800 and 2940 nm. Both soft and hard tissue surgery can be performed with these lasers.
Low power radiation is used by low-intensity cold lasers, often known as photobiomodulation treatment or Low level laser therapy (LLLT). These lasers reduce inflammation, discomfort, and promote healing by acting on tissues without heating them. Mester was the first physician to share the results of the LLLT.[5]
Research indicates that exposure to particular wavelengths of red or near-infrared light triggers a range of physiological reactions in cells and tissues, which form the basis of photo biomodulation therapy (PBMT) [6,42]. This non-invasive laser therapy method speeds up the healing and tissue rebuilding process while reducing inflammation and pain.
MECHANISM OF ACTION 
PBM is a type of light treatment that uses nonionizing visible and near-infrared light sources, like broadband light, LASERS, and LEDs. In the past several years, studies have been carried out to shed some light on the effects of photobiomodulation (PBM) on cells. PBM therapy mainly functions by stimulating the mitochondria, which have chromophores that absorb the photons from PBM, through a photochemical reaction with the cells. 

The chromophores that mostly absorb red light are cytochrome c oxidase (Cco) enzymes, which affect the activity of many substances such as calcium ions, adenosine triphosphate (ATP), nitrous oxide (NO), and reactive oxygen species (ROS).[7,8]
There are four ways that PBM might alter cellular activity:[9] First, the rate of electron transport in the respiratory chain increases following Cco's absorption of light, which in turn accelerates the synthesis of ATP.
Second, Cco enzymatically converts NO − 2 to NO and reduces O2 to H2O. Because NO binds to Cco to limit respiration, it exerts an antagonistic impact that reduces ATP production. PBM may remove NO from Cco, increasing free NO and its consequent effects, such as hypoxia and immunological signaling. 
Third, PBM has an adverse effect on ROS production as well. This anti-oxidation action is beneficial in stressed and damaged cells. ROS is crucial for cell signaling and homeostasis maintenance. 
Finally, some of the energy is transformed into heat, creating a photo-thermal effect that penetrates the tissues.
Near-infrared light activates cells' light-sensitive ion channels, increasing calcium ion concentration and engaging in interactions with cAMP and ROS. 
According to Wang et al., blue and green light at lower wavelengths stimulate light-gated ion channels, including the one in the rhodopsin channel. Numerous chromophores can be activated by these channels [10]. Cell migration, differentiation, and proliferation are all facilitated by these processes. 

USE IN DENTISTRY
The usage of PBM or LLLT is also expanding and developing in the dentistry. Because of its anti-inflammatory qualities, PBM primarily aids in wound healing, pain relief, and inflammation reduction. In dentistry, this treatment is employed for the following reasons:
USE IN ORAL SURGERY
According to research, PBMT helps with nerve repair after mandibular ramus osteotomy and reduces discomfort and swelling, including trismus after third molar extraction. 
It has been demonstrated that PBM combined with high-intensity laser therapy can maintain alveolar crest height and encourage wound healing after tooth extraction.[11,42]
USE IN ORAL MEDICINE 
Many investigations were carried out to ascertain the applications of PBM in oral medicine. Numerous conditions, such as recurrent herpes simplex, pemphigus vulgaris, oral lichen planus, fissured tongue, burning mouth syndrome, aphthous ulcers, facial nerve paralysis, hypo-salivation, chronic sinusitis, and other oral diseases, have been found to be effectively treated by the therapy. For a number of oral illnesses, PBMT can be used as a stand-alone treatment or in combination with other therapies to successfully reduce symptoms and complete the course of treatment.[12,42]
USE IN PERIODONTICS 
In non-surgical periodontal therapy, lasers have been used to improve debridement and disinfection. They have also been used to promote wound healing following mechanical debridement (such as scaling and root planing) of deep periodontal pockets (≥ 5 mm).
Lasers are increasingly being used to treat aggressive and chronic periodontitis without surgery. Additionally, lasers are being used more and more in surgical periodontal therapy, including regenerative operations and periodontal pocket reduction [13,42]. 

SRP, commonly referred to as mechanical debridement of the periodontal pockets, remains the gold standard for treating periodontitis. Because of their antiseptic and antibacterial qualities, high power lasers have been used as adjuncts for debridement in non-surgical treatment. Low-level light energy was used to activate photosensitive dyes, a process known as photodynamic treatment, which had an antibacterial effect [14,42].
NON SURGICAL TREATMENT OF AGGRESSIVE PERIODONTITIS
The numbers and ratios of the red and orange complexes of periodontal pathogens (including Porphyromonas gingivalis,[15,16] Prevotella intermedia, [15]Tanneralla forsythia,[16] Treponema denticola, and actinomycetemcomitans) [16] were found to be significantly reduced following SRP + laser treatments.


PBM AND BONE REGENERATION AS AN ADJUNCT TO PERIODONTAL REGENERATIVE SURGERIES 
Dogan et al. compared guided tissue regeneration (GTR) surgery with low-level laser therapy and GTR alone for repairing Grade II furcation defects. They discovered that GTR with laser therapy produced better results in terms of the horizontal probing depth of the flaws. Alkaline phosphatase levels in GCF with adjuvant LLLT are compared to GTR alone [17,42].
Ozcelik et al. showed that adjunctive application of 4 J/cm2 of diode laser used together with enamel matrix derivatives (EMD) in the treatment of intrabony defects can improve the effect of EMD[18]
PBM AS AN ADJUNCT TO SOFT TISSUE WOUND HEALING
According to Wang et al., daily 10 J/cm2 LED irradiation enhanced collagen, re-epithelialization, and wound healing. They also saw a notable decrease in sequestrum production, inflammatory cell infiltration, and TNF-a [19]
USE IN ORTHODONTICS
The low-level laser therapy procedure in accelerated orthodontics
PBM doesn't require a local anesthetic and is an entirely painless process. The patient is therefore quite comfortable. Furthermore, all that is needed for the operator to operate the equipment correctly is simple instruction. An orthodontist assesses the patient's orthodontic needs, including the type of malocclusion, necessary tooth movement, and treatment objectives, prior to starting LLLT [20]. The incorporation of LLLT is then taken into account while creating a personalized treatment plan. The type of laser equipment, wavelength, power levels, and exposure time all affect the particular approach. The targeted areas, such as the buccal and palatal region surrounding the teeth undergoing orthodontic movement, are usually treated with LLL [21].
EFFICACY OF LOW LEVEL LASER THERAPY IN ACCELERATED ORTHODONTICS
LLLT stimulates the movement of orthodontic teeth. Faster orthodontic tooth movement is the result of this action, which also involves greater neovascularization, collagen fibre synthesis, the start and differentiation of bone remodelling, and an increase in ATP levels. The majority of research examining LLLT's effect on rapid orthodontics has found that it increases orthodontic movement of the teeth. 
Cruz et al. carried out the first investigation in 2004 to assess the impact of LLL on orthodontic tooth mobility. Participants in this study receiving orthodontic treatment were given the split-mouth approach. 
One side of the patient's maxillary arch received just mechanical stimulation for canine retraction. On the other hand, mechanical activation was coupled with 10 seconds of 20 mW, 53/cm2 diode laser light irradiation at a wavelength of 780 nm. For two months, this irradiation was carried out on days 0, 3, 7, and 14 every month. According to the study, the irradiated side's tooth movement was 34% quicker than the non-irradiated side's. [22] 
The effect of LLLT on tooth mobility during maxillary molar distalization in orthodontic therapy during a 12-week period was examined by Özsoy et al. in 2023. Throughout the trial, 16 distinct locations on the first and second molars received laser therapy at 10-second intervals. When compared to the contralateral control group, there was a noticeable increase in tooth movement on the laser-treated side. Over the course of 12 weeks, the laser-treated molars grew 1.22 times faster than the untreated side. [23,42] 
USE IN ENDODONTICS
PBMT accelerates the healing process, lowers inflammation and encourages apical cicatrization when utilized as a therapeutic intervention in Regenerative Endodontic Procedures (REPs) [24]
Tooth/Dentinal Hypersensitivity (DH):
Laser technology was originally used by Matsumoto et al. has evolved since Photobiomodulation  (PBM), a crucial non-invasive, non-pharmacological treatment for dentin hypersensitivity emerged in the mid-1980s.[25]
 
PBM can change the nervous system to encourage the growth of tertiary dentine or use a high-power laser to tear down dentin tubules. Laser analgesia is often used in conjunction with a subsequent chemical agent application to the dentin for optimal desensitization. Interestingly, Marsilo et al.'s study showed that the success rate of healing dentine hypersensitivity was statistically significant at 88.8% when compared to the control group, and the difference remained significant after 60 days.
The noninvasive aspect of PBM is still being researched for the successful treatment of dentinal hypersensitivity, despite the wide range of PBMT protocols and comparative methodologies employed in clinical research. [26]

Regenerative endodontic procedures:
It has been suggested that Photobiomodulation  (PBM) biostimulates stem cells by the use of lasers in Regenerative Endodontic Procedures (REPs). This includes boosting metabolism, encouraging stem cell proliferation, enhancing regeneration, hastening dentine regeneration following pulp exposure, and affecting the survival and growth of mesenchymal stem cells produced from dentoalveolar tissue.Preclinical results for the application of PBMT for pulp regeneration during REPs have been encouraging, suggesting that it is a viable substitute for cell-homing therapies.[27]
USE IN ORAL CANCER 
HNCs (head and neck cancers) are a group of oral cancers that include those that affect the lips, throat, nasal cavity and larynx. Age, exposure to the sun, and use of alcohol, tobacco, and cigarettes are the most well-known risk factors for HNC. The most common type of HNC and the eighth most common cancer globally, oral squamous cell carcinoma (OSCC) contributes between 2 and 4% of annual cancer rates.[28] Over the past 50 years, HNC has had a dismal prognosis despite the wide range of available treatments, such as radiation, chemotherapy, and surgery. 
PDT can potentially indirectly kill cancer cells by causing prolonged hypoxia in the malignant tissue and disrupting the function of the tumour vasculature. ROS can damage and obstruct the endothelial cells of tumour arteries, causing vascular occlusion and cell death via promoting coagulation processes, platelet aggregation and thrombosis induction.[29]
Another cell-destructive strategy against cancers is PDT's systemic anticancer effect, which occurs when immune cells directly affect tumours, inducing a potent inflammatory reaction. Leukocytes invade tumours as a result of the photo-induced systemic immunological response, which also activates certain phospholipases and cyclooxygenases. Lipid hydrolysis products and metabolites of arachidonic acid function as mediators of inflammation in this process. Additionally, lysosomal enzymes and chemotactic substances are released by the disrupted vasculature, drawing neutrophils and macrophages and quickening the process of destruction.[30] 
PDT combined with surgery:
Numerous teams have conducted research on the use of PDT in conjunction with surgery in recent years. When combined with surgery, HPPH-mediated 2-(1hexyloxyethyl)-2-devinyl pyro pheophorbide-a (HPPH) has been demonstrated to be a safe and efficient adjuvant treatment for head and neck squamous cell carcinomas.[31].The authors of the study propose that when surgical methods are unable to completely remove recurring paranasal sinus and anterior skull base tumours, m-THPC-mediated PDT may be utilized as an adjuvant therapy.[32]Meta-tetrahydroxy phenyl chlorin-mediated PDT is helpful for patients with head and neck cancer whose resection margins are close or positive following treatment, according to numerous studies.[33]
PDT is also an excellent alternative to HNC due to its suitable aesthetic outcome, which preserves the orofacial structure, function, and attractiveness with minimal side effects and no systemic or chronic toxicity. PDT, which has a higher survival rate than conventional treatments like radiation or surgery, is also a suitable option for early-stage SCC. 

Furthermore, PDT has shown a lot of potential as an adjuvant treatment that can be used in conjunction with other therapeutic modalities to increase its use in the future.

USE IN IMPLANT DENTISTRY
PBM facilitates wound healing after implant placement and helps reduce pain after dental implant surgery. Postoperative PBM therapy improves osseointegration and the longevity of dental implants. It helps the healing process near the surgical site by encouraging ATP synthesis and angiogenesis, or the growth of blood vessels. It promotes osteoblast cell growth in addition to reducing inflammation.[34]
PBM has also been used in dental implantology, where the success of the implant depends on the connective tissue's secure integration with the implant surface as well as the condition of the soft tissue around the implant. The effect of laser therapy on improving fibroblast adhesion to implant surfaces was investigated by Khadra et al(35,37). According to their research, laser therapy improved adhesion to the implant surface and increased fibroblast activity. The basis for using PBM to improve the soft tissue contact surrounding implants was established by that study. Additionally, experimental studies show that PBM can promote osteoblast development and proliferation, which can enhance osseointegration(36,37)
According to recent research, periodontal regeneration is improved when PBM is combined with biological adjuncts including platelet-rich fibrin (PRF), PRP, and bone transplants . When compared to grafts alone(38,39). systematic reviews and meta-analyses have shown that PBM with PRP/PRF promotes tissue regeneration and enhances clinical attachment gains and bone fill (38,40).
TEMPOROMANDIBULAR JOINT DISEASE TREATMENT
PBMT has been shown to be an effective non invasive short-term therapy option for the discomfort associated with myofascial temporomandibular dysfunction. PBM can lessen the discomfort experienced by those who suffer from temporomandibular disorders (TMDs). 
It can also improve mandibular function in patients. PBM can be used as an additional therapy modality for TMDs, and greater outcomes can be achieved when paired with traditional therapies.[41]


CONCLUSION 
PBM has been shown in numerous studies to have beneficial effects in dentistry, and because of its many advantages in a variety of treatments, its use is growing daily. The ability of PBM to reduce pain and encourage healing has improved the therapy's effectiveness. Through a variety of physiological processes, it can promote tissue repair, lessen inflammation, and cure a broad range of oral diseases, making it useful in many dental specialties. 

It enhances therapy results by encouraging cell migration, proliferation, and differentiation. A number of factors, including site location, anatomic variance, subject personality, and site clinical condition, affect the therapeutic success of PBM. 
[bookmark: _GoBack]A thorough understanding of how to correctly administer dosages is essential for maximizing the benefits of PBM. The effects of PBM have been enhanced by research on the proper dosage. The use of PBM in clinical dentistry is supported by the fact that no negative effects have been documented to date.
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