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Abstract

Physiotherapy treatments employ complex approaches tailored to the patient’s diagnosis. 
Exercise is the primary strategy to enhance rehabilitation processes for most individuals. 
However, electrophysical agents, such as Photobiomodulation (PBM), that utilize speciϐic 
wavelengths of light to penetrate tissues and stimulate cellular activity, can modulate various 
biological processes and may improve physiotherapy outcomes. This non-invasive treatment can 
reduce pain and inϐlammation, promote tissue repair, and accelerate tissue healing. Currently, 
PBM has numerous applications, including pain and inϐlammation treatment, wound healing 
(such as diabetic foot ulcers, pressure ulcers, post-surgery wounds, and skin grafts in burn 
injuries), and the management of musculoskeletal disorders (such as arthritis, tendinopathies, 
muscle injuries, and spinal disorders). It is also utilized to improve muscle performance and 
recovery in rehabilitation and sports. Additionally, transcranial PBM has shown promise in 
enhancing neurorehabilitative processes by facilitating the recovery of cognitive and motor 
functions in various types of lesions. The safety and efϐicacy of this treatment allow it to be 
incorporated alongside regular exercises and manual therapies as an adjunctive treatment, 
potentially enhancing outcomes in different areas of rehabilitation.

levels have stimulating effects, while high light levels have 
inhibitory effects [1].

PBM is distinguished by its non-invasive, painless, and 
easy-to-perform method, with a well-proven degree of 
effectiveness, both in terms of its mechanisms and clinical 
outcomes [2]. Additionally, extensive information on the 
peripheral and central mechanisms of pain modulation by 
PBM has been elucidated [3,4]. We can include therapeutic 
effects on pain control and inϐlammation, wound healing, in 
musculoskeletal disorders, to improve muscle performance 
in rehabilitation and sports, and enhance the rehabilitation 
process of neuro-inϐlammatory disorders using the 
transcranial approach of PBM (Figure 1). 

Pain and infl ammation

Pain is often associated with inϐlammation, and PBM has 
signiϐicant effects on both acute and chronic inϐlammatory 
processes [2]. PBM interferes with inϐlammatory reactions, 
modulating them effectively [4]. Pain is a complex and 
multifactorial experience that can be acute or chronic, 
signiϐicantly impacting individuals’ quality of life. Studies have 
shown that PBM can reduce pain through various mechanisms, 

Introduction
Photobiomodulation (PBM) is a treatment method utilizing 

non-ionizing visible and near-infrared wavelengths, resulting 
in photophysical and photochemical events without causing 
thermal damage. The therapeutic application of the correct 
dose of light from lasers, light-emitting diodes (LEDs), and 
broadband lights with ϐilters elicit biological responses based 
on PBM principles, known as Photobiomodulation Therapy 
(PBMT) [1].

The mechanisms involved in the interaction of light with 
biological tissues primarily involve chromophores, such as 
cytochrome C Oxidase (CCO) in mitochondria and calcium ion 
channels (potentially mediated by light absorption by opsins). 
Secondary effects of photon absorption include increases in 
Adenosine Triphosphate (ATP) production, a brief burst of 
Reactive Oxygen Species (ROS), an increase in Nitric Oxide 
(NO), and modulation of calcium levels. Tertiary effects 
involve the activation of a wide range of transcription factors, 
leading to improved cell survival, increased proliferation and 
migration, and new protein synthesis (Figure 1). Notably, 
there is a pronounced biphasic dose response, where low light 
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including modulating inϐlammation, increasing adenosine 
ATP production, and promoting the release of endorphins.

A study by Chow, et al. [5] highlighted the effectiveness 
of PBM in reducing pain in musculoskeletal conditions, 
demonstrating that the application of red and near-infrared 
light signiϐicantly improved pain and functionality in patients 
with chronic neck pain. Additionally, a clinical trial conducted 
by Enwemeka, et al. [6] showed that PBM effectively reduced 
pain in patients with knee osteoarthritis, promoting healing 
and decreasing the need for analgesic medications.

Inϐlammation is the body’s essential biological response 
to injury or infection, but chronic inϐlammation can lead 
to various diseases. PBM has been shown to modulate 
the inϐlammatory response effectively, accelerating the 
healing process and reducing the signs and symptoms of 
inϐlammation. Yamany and El-Sayed [7] conducted a study 
using PBM to treat inϐlammation in patients with rheumatoid 
arthritis, resulting in a signiϐicant reduction in inϐlammatory 
markers and an improvement in joint mobility. Furthermore, 
a review by Hamblin [1] elucidated the mechanisms by which 
PBM reduces inϐlammation, including the modulation of 
macrophage activity and the decreased expression of pro-
inϐlammatory cytokines. PBM modulates the expression of 
inϐlammatory mediators, such as cytokines, and inϐluences 
the activity of macrophages, which are essential cells in the 
immune response. Reducing inϐlammation and oxidative 
stress are key aspects of relieving pain and promoting healing 
[1].

PBM in wound healing

PBM utilizing Low-Level Laser Therapy (LLLT) and Light-
Emitting Diodes (LEDs), has garnered substantial attention 
for its efϐicacy in enhancing wound healing processes. 
Numerous randomized clinical trials, systematic reviews, and 
meta-analyses have explored the mechanisms and clinical 

outcomes associated with PBM in wound management. This 
review highlights recent ϐindings and discusses the potential 
of PBM in promoting wound healing.

PBM promotes wound healing through several 
mechanisms. It stimulates cellular processes by ATP 
production and modulating Reactive Oxygen Species (ROS). 
These effects enhance cellular proliferation, migration, and 
differentiation, which are crucial for tissue repair. Additionally, 
PBM promotes angiogenesis, and collagen synthesis, and 
modulates inϐlammatory responses, leading to accelerated 
and more effective wound healing [1].

Recent Randomized Controlled Trials (RCTs) have 
demonstrated the beneϐits of PBM in wound healing across 
various types of wounds, including diabetic foot ulcers, 
pressure ulcers, and surgical wounds. For example, Minatel, 
et al. [8] conducted an RCT evaluating the effect of PBM on 
diabetic foot ulcers. The study included 60 patients who 
were randomly assigned to receive either PBM or a placebo 
treatment. Results indicated a signiϐicant reduction in wound 
size and an improvement in healing rates in the PBM group 
compared to the placebo group. This study concluded that 
PBM could be an effective adjunctive therapy for managing 
diabetic foot ulcers.

Karimpour, et al. [9] demonstrated that the combination 
of autologous platelet gel (APG) with PBM improves healing 
time, wound grade, pain reduction, and granulation tissue 
formation in diabetic foot ulcers. Their study highlighted 
that various PBM modalities, involving distinct probes and 
wavelengths, exhibit the potential to enhance tissue perfusion, 
expedite healing, and impede wound progression, thus 
reducing the need for invasive interventions. PBM combined 
with APG has emerged as a valuable tool for augmenting 
wound healing, mitigating inϐlammation, and preventing 
amputation, representing a compelling therapeutic option for 
diabetic foot ulcers.

Figure 1: Scheme describing the main physiological effects of Photobiomodulation (PBM), including cellular and molecular effects. Based on these effects, 
some of the main clinical applications (since there are others) of PBM described in this text are presented. 
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Recent systematic reviews and meta-analyses have 
synthesized data from various RCTs to provide comprehensive 
insights into the efϐicacy of PBM in wound healing. Tchanque-
Fossuo, et al. [10] performed a meta-analysis of four studies 
involving 131 participants who met the inclusion criteria. The 
endpoints evaluated included ulcer size and time to complete 
healing, with follow-up periods ranging from 2 to 16 weeks. 
Each study was assessed for evidence level and graded 
according to the Oxford Center for Evidence-based Medicine 
Levels of Evidence Grades of Recommendation criteria. 
Despite limitations such as small sample sizes (N < 100), 
unclear allocation concealment, and short follow-up periods, 
the review concluded that PBM by LLLT demonstrates 
signiϐicant potential as a portable, minimally invasive, and 
cost-effective modality for treating diabetic foot ulcers.

Santos, et al. [11] reviewed thirteen RCTs and found 
that PBM using LLLT was effective in treating diabetic foot 
ulcers. They identiϐied three RCTs that reported a signiϐicant 
reduction in ulcer size, which was conϐirmed through meta-
analysis. Their ϐindings indicated that using wavelengths in the 
red range (632.8 nm to 685 nm), with a ϐluence of 50 mW/cm²,
3 to 6 J/cm², and irradiation for 30 to 80 seconds, three times 
weekly for one month, was beneϐicial for patients with diabetic 
foot ulcers. Similarly, Wang, et al. [12] in a Cochrane review 
found that phototherapy (PBM) might increase the proportion 
of completely healed wounds during follow-up and reduce 
wound size in diabetic patients, though there was no evidence 
that it improved quality of life.

A systematic review by Huang, et al. [13] assessed the 
efϐicacy of PBM in treating pressure ulcers. The review 
included 12 RCTs with a total of 482 patients and found 
that PBM signiϐicantly enhanced wound healing, reduced 
inϐlammation, and promoted tissue regeneration in pressure 
ulcer patients. The authors recommended PBM as a promising 
adjunct therapy for managing pressure ulcers, though the 
quality of evidence was rated as very low according to the 
GRADE system.

In the ϐield of plastic surgery, Meyer, et al. [14] evaluated 
PBM therapy using transcutaneous irradiation of vascular 
targets starting three days post-surgery. They used 
transcutaneous PBM each session lasted 30 min, using 660 
nm (red), energy 180 J. For all groups, the therapy started 
with daily use for seven days followed the interval use of 
three times a week until completed 21 days. The study 
demonstrated signiϐicant improvements in heart rate at rest, 
systolic and diastolic blood pressure, and peripheral oxygen 
saturation in the active therapy groups. In the McGill Scale 
evaluation, the mean total score showed a more accentuated 
drop in the groups that used PBM. ILIB may have prevented 
a more signiϐicant evolution of ϐibrosis levels, however, no 
changes were observed in the evaluation of sleep and anxiety 
[14].

Kazemikhoo, et al. [15] evaluated the effects of PBM by 
LLLT on the healing of skin-grafted areas in burn patients. 
Their study found that PBM is a safe and effective method for 
improving graft survival and the wound healing process, while 
also decreasing the rate of wound dehiscence in patients with 
deep burn ulcers.

Taradaj, et al. [16] examined the efϐicacy of PBM at different 
wavelengths (940 nm, 808 nm, and 658 nm) for treating 
pressure ulcers. The primary endpoint of this trial included 
both the percentage reduction in the ulcer surface area and 
the percentage of completely healed wounds after one month 
of therapy (ulcer healing rate). The secondary endpoint was 
the ulcer healing rate at the follow-up evaluation (3 months 
after the end of the study). In total, 72 patients with stage II
and III pressure ulcers received laser therapy once daily, 
5 times per week for 1 month, using a (GaAlAs) diode laser 
with a maximum output power of 50 mW and continuous 
radiation emission. Three different wavelengths were used 
for the laser treatment: 940 nm, 808 nm, and 658 nm. An 
average dose of 4 J/cm2 was applied. In the placebo group, 
the laser device was turned off. This study found that laser 
therapy at 658 nm was effective in reducing pressure ulcers, 
whereas the wavelengths of 808 nm and 940 nm did not show 
signiϐicant effects.

Recent evidence supports the efϐicacy of PBM in 
enhancing wound healing across various wound types. The 
mechanisms through which PBM promotes wound healing, 
such as increasing ATP production, reducing inϐlammation, 
and stimulating collagen synthesis, are well-documented. 
However, further large-scale, high-quality RCTs are needed 
to establish standardized protocols for optimal dosages, 
treatment durations, and wavelengths. Finally, PBM is a 
promising therapeutic modality for wound healing, offering 
a non-invasive, effective, and safe treatment option. Its 
integration into clinical practice could signiϐicantly improve 
outcomes for patients with chronic and acute wounds.

PBM in musculoskeletal disorders

Musculoskeletal disorders encompass a broad range of 
conditions, including arthritis, tendinitis, muscle injuries, and 
spinal disorders, which can lead to chronic pain, inϐlammation, 
and decreased mobility. PBM has emerged as a promising 
therapeutic approach for these conditions due to its ability to 
accelerate tissue repair and modulate inϐlammatory processes.

Osteoarthritis, a common degenerative joint condition, is 
characterized by pain and stiffness. A recent study by Huang, 
et al. [17] explored the effects of PBM on patients with knee 
osteoarthritis. The study found that an eight-week PBM 
treatment regimen led to a signiϐicant reduction in pain and 
an improvement in joint function. The authors concluded that 
PBM may serve as an effective and non-invasive alternative 
to traditional treatments for osteoarthritis. Ahmad, et al. [18] 
published a systematic review and meta-analysis of knee 
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osteoarthritis demonstrating that the association of exercises 
with PBM done by low-level laser and high-intensity laser can 
improve the results.

Tendinitis, or tendinopathy, involves inϐlammation and 
sometimes degeneration of tendon collagen and other ϐibers, 
which can be debilitating and challenging to treat. Leal-Junior, 
et al. [19] evaluated the effectiveness of PBM in patients 
with Achilles tendinitis. Their study demonstrated that PBM 
signiϐicantly reduced pain and accelerated functional recovery 
compared to a control group that did not receive therapy. Their 
study supports PBM as a viable option for the rehabilitation of 
tendon injuries. In a randomized controlled trial comparing 
PBM alone and the usual care (UC) in plantar fasciitis, Kets, et al. 
[20] show effects on pain not different between PBMT groups. 
PBMT in both treatment groups also improved function more 
than the UC group, again with the improvement occurring 
within the ϐirst three weeks. Pain and function improved 
during the three weeks of PBMT plus UC and remained stable 
over the following three weeks. Improvements were sustained 
through six months in the PBMT plus UC groups. Level II- RCT 
or Prospective Comparative Study. To investigate the effects 
of PBM on plantar fasciitis, Dos Santos, et al. [21] carried out 
a systematic review and meta-analysis pointing out the best 
dosages and treatment techniques for this clinical condition.

Muscle injuries, frequently encountered in athletes and 
physically active individuals, can also beneϐit from PBM. 
Anders, et al. [22] investigated the application of PBM in an 
animal model of muscle injury. Their ϐindings revealed that 
PBM accelerated muscle healing and reduced inϐlammatory 
markers. This study indicates that PBM may be beneϐicial for 
managing muscle injuries in both sports and clinical settings.

De Toni, et al. [23] show the results using ultrasound and 
laser that had a greater tendency to ameliorate pain with a high-
size effect. Between groups, there was a signiϐicant difference 
in post-treatment of the right trapezius in the exercise 
and photobiomodulation groups. The photobiomodulation 
group showed pre and post-intervention differences in the 
left trapezius maximum onset. The conclusion was that the 
interventions with photobiomodulation, ultrasound, and 
exercise help pain, function, and muscular activation in 
seamsters with neck pain.

In a triple-blinded randomized clinical trial, Navarro-
Ledesma, et al. [24] carried out an interesting study using 
a whole-body PBM applied in patients with ϐibromyalgia 
resulted in a signiϐicant reduction in pain and an improvement 
in quality of life in those participants after receiving 4 weeks 
of treatment. Furthermore, psychological factors such as 
kinesiophobia and self-efϐicacy were also improved showing 
that treatment can be considered efϐicient in this chronic pain 
syndrome. 

The beneϐicial effects of PBM are attributed to its ability 
to modulate the expression of inϐlammatory cytokines, reduce 

inϐlammation, and decrease oxidative stress, all of which 
are critical factors in pain management and tissue repair. In 
clinical practice, PBM for musculoskeletal disorders should 
be applied with speciϐic parameters, including the wavelength 
of light, dosage, duration of treatment, and treatment area. 
Research suggests that wavelengths in the range of 600-
1200 nm are most effective for deep tissue penetration and 
achieving optimal therapeutic effects. Personalizing treatment 
based on individual patient characteristics—such as skin 
phototype, stage of inϐlammation, and the patient’s nutritional 
and hydration status—is essential for maximizing the beneϐits 
of PBM.

In summary, PBM has emerged as a promising therapy 
for musculoskeletal disorders, offering a non-invasive and 
effective approach for reducing pain, and inϐlammation, and 
promoting tissue repair. As a complementary treatment, PBM 
has the potential to signiϐicantly enhance clinical outcomes for 
patients with a variety of musculoskeletal conditions.

PBM and muscle performance and recovery

The use of LT and/or LEDs, recently recognized as PBM, for 
enhancing muscle performance during exercise and skeletal 
muscle recovery post-exercise has attracted attention, 
including from the International Olympic Committee [25]. In 
a brief historical context, one of the initial studies exploring 
PBM for muscle performance enhancement and post-exercise 
muscle recovery was conducted by Craig, et al. [26,27]. These 
authors reported no effect of PBM using red (660 nm) and 
infrared (950 nm) wavelengths on reducing delayed onset 
muscle soreness (DOMS) induced by repeated eccentric 
contractions of the elbow ϐlexors in young men.

Nearly a decade following these pioneering clinical 
trials, two animal model studies (in vivo) were published 
investigating the effects of PBM on muscle performance in rats 
[28,29]. The ϐirst study applied PBM to the hind limbs of rats 
after each training session over 5 weeks, aiming to accelerate 
muscle recovery and modulate lactate dehydrogenase (LDH) 
enzyme activity (linked to lactate production and oxidation 
- energy metabolism) during treadmill training [28]. The 
second study [29] applied PBM to the anterior tibial muscle 
of rats before a muscle fatigue protocol induced by electrical 
stimulation. PBM was applied prior to the fatigue protocol 
to reduce muscle fatigue and muscle damage as indicated by 
creatine kinase (CK) blood levels. These two animal model 
studies laid the groundwork for the two primary approaches 
currently recognized for applying PBM to skeletal muscles to 
enhance exercise performance and accelerate post-exercise 
recovery [30-32]:

1. Approach 1: Irradiation of skeletal muscles as 
preconditioning therapy (before exercise).

2. Approach 2: Irradiation of skeletal muscles as muscle 
recovery therapy (irradiation after exercise).
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Since 2008, with the simultaneous publication of two 
randomized clinical trials [33,34], many randomized 
clinical trials and animal model studies have been published 
with the same purpose: to investigate the effects of PBM 
as preconditioning or applied after exercise to enhance 
muscle performance and accelerate post-exercise recovery 
[30]. A series of studies involving athletes, non-athletes, 
and healthy individuals, and using various study designs 
(blinded, non-blinded, randomized, crossover, with sham 
therapy) in controlled settings such as research laboratories 
have been published to examine the acute effects of PBM on 
muscle fatigue and prevention of muscle damage (lower CK 
activity in the bloodstream) during strenuous exercises [30]. 
Additionally, in 2011, the ϐirst study combining the effects 
of photobiomodulation with a strength training program 
(chronic effects) was published [35]. In 2015, research 
moved from controlled laboratory environments, and the 
ϐirst randomized clinical trial with athletes in the ϐield was 
conducted during the Brazilian Volleyball Championship. In 
this study, athletes from one of the participating teams in the 
championship were irradiated with LED on their lower limbs 
as preconditioning 40-60 minutes before each of the 4 ofϐicial 
games of the championship in which PBM was tested. This 
study demonstrated a dose-response, or therapeutic window, 
of PBM when applied as a preconditioning for preventing 
muscle injury (lower CK activity in the bloodstream) in 
professional volleyball athletes during ofϐicial games [36].

The main effects of PBM on muscle performance and 
post-exercise recovery reported to date include resistance 
to fatigue (increased number of repetitions or increased 
time of muscle contraction until exhaustion), peak torque 
or force enhancement (typically analyzed by an isokinetic 
dynamometer and maximum repetition tests), and prevention 
of muscle damage [lower Creatine Kinase (CK) or LDH activity 
measured in the bloodstream] as reported in previous reviews 
and meta-analyses [32,37]. The potential mechanisms behind 
these main effects have been previously described [30] along 
with other mechanisms conϐirmed in more recent randomized 
clinical trials, such as increased skeletal muscle hypertrophy 
[37,38] and modulation of gene expression related to protein 
synthesis/degradation, inϐlammation, and oxidative stress 
[37]. Additionally, other in vitro (39) and in vivo studies [39,40] 
have conϐirmed the purported increase in mitochondrial 
metabolism of skeletal muscle cells (previously observed 
only in hepatocytes or tumor cell lines), as well as increased 
glycogen [40] and ATP synthesis [39,40] when PBM is applied 
as preconditioning [39] or when applied after exercise, 
promoting better outcomes compared to preconditioning 
[40].

Recently, González-Muñoz, et al. [41] demonstrated that 
based on current scientiϐic literature, the utilization of PBM 
therapy before and/or after exercise appears to be efϐicacious 
for enhancing sports performance in both strength training 
and cardiovascular exercise. This therapy facilitates the 

mitigation of muscle damage, reduces blood lactate levels, 
enhances oxygen uptake, and alleviates post-exercise muscle 
soreness. Consequently, these effects contribute to improved 
athletic performance and consequently superior competitive 
outcomes. Their ϐindings suggest that integrating PBMT 
into athletes’ training regimens may enhance outcomes 
and expedite recovery processes, thereby augmenting their 
overall sports performance.

Transcranial PBM and neuro-infl ammatory disorders

Transcranial Photobiomodulation (tPBM) has emerged 
as a promising non-invasive technique for enhancing brain 
function and treating various neurological conditions. By 
utilizing Near-Infrared Light (NIR), typically in the range 
of 600-1000 nm, tPBM penetrates the scalp and skull to 
interact with cortical and subcortical neurons, leading to a 
cascade of beneϐicial physiological effects, that improve the 
neurorehabilitation with exercises or functional training.

The primary mechanism of tPBM involves the absorption 
of light by mitochondrial chromophores, notably CCO. This 
absorption enhances mitochondrial respiration and ATP 
production, which in turn promotes neuronal function and 
survival. Additionally, tPBM can modulate the production 
of ROS and induce the expression of neuroprotective 
genes and proteins. These cellular and molecular effects 
contribute to improved neuroplasticity, synaptogenesis, and 
neuroprotection [42,43]. All these effects have important 
action on brain repair using rehabilitation techniques. 

Recent studies have investigated the role of tPBM in 
cognitive enhancement among both healthy individuals and 
those with cognitive impairments. In a randomized controlled 
trial, Barrett and Gonzalez-Lima [44] demonstrated that 
tPBM applied to the prefrontal cortex signiϐicantly improved 
sustained attention and working memory in healthy adults. 
Similarly, Chao [45] found that tPBM enhanced executive 
function and information processing speed in older adults 
with Mild Cognitive Impairment (MCI). These ϐindings suggest 
that tPBM may serve as a non-pharmacological intervention 
to bolster cognitive function in aging populations. 

In addition to cognitive enhancement, tPBM has shown 
potential in treating mood disorders such as depression and 
anxiety. A study by Cassano, et al. [46] reported that tPBM 
targeting the dorsolateral prefrontal cortex (DLPFC) resulted 
in signiϐicant reductions in depressive symptoms among 
patients with major depressive disorder (MDD). Furthermore, 
Liu, et al. [47] observed that tPBM alleviated anxiety 
symptoms in patients with generalized anxiety disorder 
(GAD), highlighting its anxiolytic effects. These outcomes 
are attributed to tPBM’s ability to modulate neurochemical 
pathways and enhance cortical excitability.

tPBM is also being explored for its neurorehabilitative 
potential in stroke and Traumatic Brain Injury (TBI) patients. 
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A recent pilot study by Naeser, et al. [48] found that tPBM 
improved cognitive and motor functions in chronic stroke 
patients, potentially by promoting cortical reorganization 
and neurogenesis. In TBI patients, Mitrofanis and Jeffery [49] 
demonstrated that tPBM facilitated recovery by reducing 
neuroinϐlammation and oxidative stress. These studies 
underscore the potential of tPBM as an adjunctive therapy in 
neurorehabilitation protocols.

The application of tPBM in neurodegenerative diseases 
such as Alzheimer’s Disease (AD) and Parkinson’s Disease 
(PD) has also gained attention. A study by Berman, et al. [50] 
revealed that tPBM improved cognitive performance and 
reduced beta-amyloid plaques in an Alzheimer’s disease (AD) 
mouse model. Similarly, a clinical trial by El Khoury, et al. 
[51] demonstrated that tPBM enhanced motor function and 
decreased motor symptoms in PD patients. These effects are 
likely mediated through tPBM’s neuroprotective properties 
and its ability to enhance mitochondrial function and reduce 
oxidative stress.

The safety proϐile of tPBM has been extensively studied, 
with most research indicating minimal side effects when 
appropriate dosages and protocols are followed [52]. Future 
research should focus on large-scale randomized controlled 
trials to further elucidate the optimal parameters for 
different conditions and to establish standardized treatment 
protocols. Additionally, exploring the combinatory effects 
of tPBM with other therapeutic modalities (like exercises 
and another electrophysical agent such as neuromuscular 
electrostimulation) could open new avenues for enhancing its 
efϐicacy.

Overall, transcranial photobiomodulation has 
demonstrated signiϐicant potential in enhancing cognitive 
function, alleviating mood disorders, supporting neuro-
rehabilitation, and managing neurodegenerative diseases. 
The mechanisms underlying these effects are rooted in 
improved mitochondrial function, enhanced neuroplasticity, 
and modulation of neurochemical pathways. As research 
progresses, tPBM could become a cornerstone in the non-
invasive treatment of various neurological conditions, offering 
a safe and effective therapeutic approach.

Conclusion and remarks
The existing body of evidence supports the efϐicacy of 

Photobiomodulation (PBM) as a valuable therapeutic tool for 
a range of pathophysiological conditions [5,53]. Studies have 
demonstrated that PBM offers a cost-effective alternative for 
routine clinical use in various applications, including those 
discussed in this review. While this review has highlighted 
several key applications of PBM, there remain numerous 
additional ϐields where its potential beneϐits could be explored. 
Notably, emerging areas such as women’s health, respiratory 
conditions, neurological disorders, and dermatological 
treatments warrant further investigation.

PBM has shown good cost-effectiveness and therapeutic 
beneϐits that make this therapy a promising alternative in 
clinical practice [54]. Current evidence not only elucidates 
the mechanisms underlying PBM’s effects but also supports 
its application across diverse clinical scenarios, including 
pain management, inϐlammation reduction, and functional 
improvement in various physiological systems [55]. The 
comprehensive understanding of these mechanisms, 
combined with PBM’s established effectiveness, underscores 
its potential as a versatile therapeutic instrument.

Future research should aim to expand on the applications 
of PBM, particularly in the aforementioned ϐields, and reϐine 
treatment protocols to optimize therapeutic outcomes. By 
exploring combinatory approaches with other modalities and 
conducting large-scale, randomized controlled trials, the full 
scope of PBM’s therapeutic potential can be realized. As the 
ϐield continues to evolve, PBM holds promise as a cornerstone 
in non-invasive therapy, offering a safe and effective solution 
for a wide range of medical conditions.
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