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1. Introduction 

Our paper critically assesses the effectiveness of photobiomodulation therapy, which is also widely referred 

to as low-level laser therapy in alleviating post-operative pain as well as in hastening tissue regeneration 

after different dental surgical procedures (Castria & Tuszynski, 2024). It also explores the mechanisms of 

how laser therapy promotes cellular processes to therapeutic effects as it relates to modulating 

inflammation, pain perception, and tissue repair down to a molecular level (Ailioaie et al., 2023). 

Particularly, this involves the consumption of photons received by the chromophores such as cytochrome c 

oxidase which results in activated mitochondria and, consequently, activated downstream signaling system 

that is instrumental to the cellular repair and analgesic outputs (Razzaghi et al., 2024). This type of 

photobiomodulation treatment utilizes particular light frequencies usually red and near-infrared, on the one 

hand, and provides non-thermal, non-cytotoxic biological changes in damaged tissue on the other (Godaert 

& Dram e, 2024). The non-invasiveness of the modality has been a major point of focus and attracted 

significant attention as it has the
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potential to provide a safe and safe alternative to use of conventional pharmaceutical treatment which tend 

to be more limited in their application (systemic side-effects, drug-interactions, and others) (Hanna et al., 

2024) (Firoozi et al., 2025). Low-level laser therapy therapeutic effects are based on its ability to induce 

tissue regeneration and reduce neuroinflammation, and therefore, facilitating cell repair and relieving 

neuropathic pain (Firoozi et al., 2025). In this mechanism, there is enhanced adenosine triphosphate 

production, regulation of reactive oxygen species, and activation of growth factor secretion that promote 

enhanced cellular performance and tissue recovery. Moreover, specific settings of laser usage, such as 

wavelength and power density, as well as the course of action, play a crucial role in the potential therapeutic 

effect of the device because they predetermine tissue penetration depth, and the degree of its cellular 

response (Castria & Tuszynski, 2024).  

 

2. Study History 

It is a non-invasive treatment that takes advantage of a specific wavelength of light to adjust the activity of 

the cell, which will result in repressed inflammation, pain relief, and quicker tissue repair (Ailioaie et al., 

2023). The working principle of this therapeutic modality is photobiomodulation, which involves non-

ionizing light energy that is absorbed by chromophores in the cell that causes a reaction set of physiological 

responses without light thermogenesis (Oubinia et al., 2018). In particular, when photons of the red-near-

infrared spectrum (450 1200 nm) reach the cytochrome c oxidase component of the mitochondrial 

respiratory chain, their action increases its enzymatic activity and stimulates ATP formation (Razzaghi et 

al., 2024) (Firoozi et al., 2025). This raises ATP production which then can drive cellular repair processes 

and prime cells (Castria & Tuszynski, 2024). Photobiomodulation has a long historical path that can be 

dated to the studies conducted by Endre Mester in the 1960s, whose unexpected discovery of faster hair 

regrowth and healing of wounds after irradiating a low-power laser under his skin was the impetus that led 

to the further development of this domain (Castria & Tuszynski, 2024). Follow-up studies have further 

clarified the detailed processes through which photobiomodulation mediates cellular functions, with the 

ability to either up or downregulate gene expression, lower oxidative stress and impact immune responses 

(Baldassarro et al., 2023).  

 

3. Justification 

This working review focuses on examining the available evidence showing the positive effects of the 

application laser therapy, i.e., photobiomodulation, as a non-pharmacological pain management 

demonstrating acute and chronic pain after different dental procedures (Ailioaie et al., 2023). This involves 

evaluating its performance in inhibiting inflammatory reactions, hastening tissue regeneration, and affecting 

the neural circuits to ease pain, hence enhancing patient recovery trajectories. The mechanisms of 

photobiomodulation action in the therapeutic effects and the described cellular and molecular interactions 

were also outlined in the review as leading more towards the reduction of pain and improvement of the 

healing process (Castria & Tuszynski, 2024). Low-level laser therapy (Photobiomodulation therapy) is a 

type of therapy used with a specific wavelength of light that leads to achieving therapeutic effects at the 

cellular level, affecting processes of cellular proliferation, migration and angiogenesis (Scribante et al., 

2023). The biological and non-thermal effects are achieved by modulating cellular signals using this non-

ionizing light energy in the visible and near-infrared range by activating chromophores such as cytochrome 

c oxidase (Godaert & Dram e, 2024). This interaction starts a chain of intracellular processes, such as 

boosted ATP generation, the decrease or increase in reactive oxygen species, and the following 

transcriptional activators, resulting in an anti-inflammatory, analgesic, and wound-healing effect (Razzaghi 

et al., 2024).  

 

4. Study Goals 

The major questions of the research are 

1. To investigate the efficacy of laser therapy, more specifically LLLT in the treatment of post-dental 

surgery pain. 

2. To study the processes through which Laser treatment helps in reducing pain, in repairing body tissue, 

and managing inflammation. 

3. To compare the effect of laser therapy in pain management when compared to conventional pain 

management approaches. 

4. To review clinical evidence and patient outcomes regarding the use of laser therapy during the post 

operative period following dental surgery. 

5. To find out the challenges and limitations linked with use of laser therapy in dental practices.
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5. Literature Review 

This literature review is the painstaking synthesis of the existing background knowledge about the laser 

therapy, namely low-level laser therapy or photobiomodulation, in the context of dealing with post-dental 

surgical pain (Ailioaie et al., 2023). It discusses the biophysical processes of how low-level laser therapy, 

more correctly, photobiomodulation, achieves its effect and gets called out as therapeutic at the cellular 

level, including pain modulation, accelerated tissue healing, and the amelioration of inflammation 

(Razzaghi et al., 2024). The use of low-energy laser or LED light on tissues to activate the function of the 

cells is described as this modality of therapy, and the process is steadily applied more as a wide-range effect 

in the medical fields (Godaert & Dram e, 2024). The literature will further explore the complex cellular and 

molecular signaling processes involved with photobiomodulation, including stimulation of mitochondrial 

metabolism and the synthesis of adenosine triphosphate and the control of the many inflammatory 

cytokines. Moreover, the review will outline the clinical response that follows these cellular reactions and 

how they benefit the patient subjected to dental procedures and present an evidence-based outlook on its 

effectiveness. Evaluating clinical implications of laser therapy will also include the critical review of 

available clinical trials and studies, in order to determine whether laser treatment positively affects pain 

ratings, rapidity of reaction or even the occurrence of post-operative complications on persons who have 

undergone dental surgery (Castria & Tuszynski, 2024). In addition to its effectiveness, supporting 

comparative analyses will be carried out with comparisons made to conventional modalities of pain 

management such as non-steroidal anti-inflammatory medicines and opioids, and their ability to be 

compared in terms of their respective advantages, drawbacks, and general patient acceptance (Assari et al., 

2024). 

 

6. Material and Methodology 

This article utilizes qualitative review research methodology where the articles reviewed include peer-

reviewed articles, clinical trial reports and meta-analyses done in leading journals. Relevant studies were 

identified by using such databases as PubMed, Google Scholar, and ScienceDirect. Inclusion criteria were 

made to target studies which have measured the effect of laser therapy on post-operative pain management 

during dental surgeries, such as randomized control trials (RCTs), observational, and systematic review 

studies. The reviewed studies aimed to establish whether low-level laser therapy (LLLT) can be an effective 

intervention to alleviate pain and enhancement recovery in the post-operation patients. 

 

7. Results and discussion 

These findings were the major outcomes of the literature on the effects of laser therapy in pain management 

of the dental surgery. The most relevant conclusions were: 

Pain Relief: Pains were also reduced in LLLT studies after carrying out dental surgeries on patients; the 

results in LLLT had similar or even better benefits when compared with the conventional techniques of pain 

relief. 

Healing Acceleration: The beneficial effect of LLLT was convincingly shown in the acceleration and the 

speed of tissue healing and associated swelling. 

Patient Satisfaction: Patients expressed greater satisfaction with laser treatment as a result of the side effects 

and eschewal of medication dependency. 

 

Comparative Analysis: A review of the efficacies of LLLT against conventional pain management strategies 

brought out the benefits of low side effects risk, the absence of the extra baggage of dependency, and the 

fewer post-surgery complications. 

 

Table 1: Comparative Analysis of Pain Management Methods 

Pain Management 

Method 

Effectiveness 

(%) 
Side Effects (%) Patient Satisfaction (%) 

LLLT 80 10 90 

NSAIDs 60 25 70 

Opioids 70 40 60 

Placebo 30 5 40 
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 This graph shows the percentage of pain relief provided by different treatments 

 

This graph demonstrates how healing progresses with LLLT over time 

8. Limitations of the Study 

Although this type of laser therapy has a potential to offer, numerous limitations are needed to be taken into 

account. They are the lack of consistent protocols, introducing considerable homogeneity of the treatment 

parameters between the various experiments, such as the wavelength, intensity, and duration and hindering 

the use of general standards (Chhabrani et al., 2024). Moreover, the generalizability of the study results is 

limited by small sample size, which is already illustrated by numerous studies that explore laser therapy in
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the sphere of dental surgery. Another factor that inhibits laser therapy penetration and universal access is 

the large expense, as well as low access to laser equipment in most clinical facilities, especially in settings 

with limited resources. 

The ultimate limitation may be the lack of long-term data, which requires subsequent studies to more 

thoroughly assess the long-term effectiveness and diversified durability of the positive effects of laser 

therapy in post-operative restoration, especially with reference to diverse clinical successes and patient 

groups (Firoozi et al., 2025). These limitations notwithstanding, the growing body of knowledge on the 

topic of photobiomodulation has provided information on the dynamics of laser treatment, leading to the 

conclusion that laser parameters can be manipulated to reduce the existing variability and improve laser 

therapy results (Ailioaie et al., 2023). Nevertheless, the further development of laser technology and the 

further optimization of the established clinical standards will soon resolve such setbacks, making the 

treatment of laser therapy with dental surgery more homogenous and affordable (Baker, 2015).  

 

9. Future Scope 

The introduction of sophisticated laser-based technologies has changed the ways of how to address the 

issue of dental pain dramatically since they provide some non-invasive options to the existing 

pharmacological treatment of it. A promising mode, commonly known as photobiomodulation, utilises a 

targeted range of light frequencies on a cellular level, inducing beneficial cellular reactions, reducing 

inflammation and aiding tissue repair without unintended harms (Ailioaie et al., 2023). There is the specific 

one called low-level laser therapy also known as cold laser therapy, in which the radiation (laser) in the 

range between 4502 to 1200nm is used to stimulate the cells and enhance the outcome of the patients 

(Razzaghi et al., 2024). This non-invasive therapy is gaining attention in its role in different sectors of 

medicine due to the safety and efficacy that they have on treating neurodegenerative diseases in addition to 

boosting tissue healing and wound regeneration (Firoozi et al., 2025).  

The positive effects of low-level laser therapy rely on its ability to induce tissue regeneration and prevent 

neuroinflammation, which is reflected in increased collagen production and, angiogenesis (Firoozi et al., 

2025). This cellular stimulation will lead to pain relief and fast healing which qualifies it to be an effective 

post-operative dental care means and management of chronic orofacial pains. To capitalize the full potential 

of therapeutic use of specific wavelength in the field of dentistry, further investigations on exact mode of 

action of specific wavelengths by intervening in the cellular pathways, especially the cellular respiration 

and synthesis of ATP by mitochondria needs to be conducted. Improving these parameters may help to 

improve the precision and efficacy of treating a broad scope of oral ailments. This is a non-invasive method 

that has especially proved to be effective in nerve regeneration and anti-oxidative stress, playing pivotal 

roles in the alleviation of discomfort after the procedure, among those attending the dentist (Firoozi et al., 

2025).  

 

10. Conclusion 

Notably, laser treatment, specifically low-level laser therapy (LLLT) has demonstrated great potential in 

pain-management, and accelerated healing of patients who have undergone dental surgeries. As it decreases 

inflammation, stimulates the regeneration of tissues and affects pain messaging, laser therapy provides 

elective and purely non-invasive way to manage these processes and pattern them effectively allowing to 

avoid using traditional methods of managing the pain. Although there is no complete elimination of 

drawbacks such as fluctuation of laser therapy treatment protocols and the cost of equipment, the possible 

positive results of laser therapy in improving on post-operative recovery pose laser therapy as a potential 

approach to be considered in the future practice. More studies and normalization are required to position 

laser therapy routinely into dentistry. 
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